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Introduction

Nearly 23 million people in the United States (7% of the 
population) are estimated to have a known diagnosis of dia-
betes mellitus (DM).1 Maintaining optimal glycemic control 
often requires the patient to perform self-monitoring of blood 
glucose (SMBG), and nearly 29% of patients with DM are 
estimated to require insulin administration to control blood 
glucose levels.2 Therefore, on the basis of these estimates, 
nearly seven million patients with DM in the United States 
could be receiving insulin therapy.

By definition, medical “sharps” include DM-related prod-
ucts, such as needles, syringes, lancets, insulin pens, infusion 
sets, and connecting needles and sets.3 The last two are com-
ponents of insulin pumps and continuous glucose monitors 
(CGMs). Self-monitoring of blood glucose and insulin 
administration require the use of lancets and needles. These 

sharps represent a form of medical waste that, unless prop-
erly discarded, could put an unsuspecting bystander at risk 
for direct contact with biologic materials via a needlestick 
injury.

The current data indicate that nearly eight billion injec-
tions occur outside of health care facilities annually.3 The 
number of used needles discarded into household garbage 
nearly tripled from 2001 through 2011.3 When disposed of 
improperly, needles present a risk to waste industry workers, 
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Abstract
Background: The objective of this study was to assess disposal patterns for “sharps” among a cohort of patients with 
diabetes mellitus (DM) receiving insulin therapy.

Method: A convenience sample of inpatients and outpatients was surveyed about how they disposed of sharps, how often 
they reused lancets and needles, and what education they had received about proper disposal. Safe disposal was defined as 
discarding sharps into a formal sharps or sealable container; otherwise, disposal was categorized as unsafe.

Results: Of 150 respondents, 56% were men and 75% were white. The mean (SD) age was 56 (15) years; duration of DM, 
20 (13) years; and hemoglobin A

1c
, 8.1% (2.0%). Half the respondents reused a lancet two or more times, and 21% reused an 

insulin needle two or more times. Thirty-eight percent of respondents discarded lancets unsafely, and 33% discarded insulin 
needles unsafely, typically by throwing these items into household trash. Most respondents (75%) discarded insulin pens, 
vials, cartridges, insulin pump supplies, and continuous glucose monitor sensors into household trash. Most (64%) indicated 
that they had not received education on safe sharps-disposal practices, and 84% had never visited their municipal website for 
information on medical waste disposal.

Conclusion: Approximately one-third of patients unsafely disposed of sharps. Unsafe disposal could cause millions of 
sharps to appear in the municipal solid waste stream, thereby posing a substantial public health hazard. Point-of-care patient 
education is important, but a broader public health campaign may be required.
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especially those in facilities that sort recyclables and who 
may be in contact with sharps and blood-borne pathogens. A 
recent report estimated that as many as 1484 needlestick 
injuries occur every year at material recovery facilities, and 
these injuries result in $2.25 million in costs for treatment, 
prophylaxis, and monitoring.3

The epidemic of DM will likely increase the mass of 
DM-associated medical waste that includes sharps. 
Historically, most of the public health consequences of DM 
have been described in terms of complications and economic 
burden, but the environmental effects and public health risk 
posed by unsafe disposal of sharps generated through DM 
self-management have received little discussion. Disposal of 
loose needles into the municipal solid waste (MSW) stream 
is never considered acceptable.3 The US Food and Drug 
Administration (FDA) recommends placing used needles 
and other sharps into a sharps-disposal container to reduce 
the risk of needlestick injuries. If an FDA-cleared container 
is not available for home use, a heavy-duty plastic household 
container has been suggested as an alternative. However, 
depending on the thickness of such containers, they may not 
be entirely safe either.4,5 Additional guidelines are available 
from the US Environmental Protection Agency (EPA),6,7 but 
regulations for sharps disposal may vary by state.8 For 
instance, according to California state law, disposal of home-
generated sharps waste in the trash or recycling containers is 
illegal, and all sharps waste must be transported to a collec-
tion center in a sharps container or other approved container.8 
The guidelines of the authors’ home state follow FDA and 
EPA guidelines.8,9

Limited data from the United States and other countries 
have indicated that patients with DM unsafely dispose of 
their used sharps.10-17 Given the increasing prevalence of 
DM, the increase in DM-related medical waste and its dis-
posal needs further study. This must first start with a better 
understanding of the current disposal practices by patients 
and their educational needs regarding safe practices. 
Therefore, we conducted a survey to assess patterns of sharps 
use and disposal among a clinic- and hospital-based popula-
tion of patients with DM receiving insulin therapy.

Methods

Survey Development

Few surveys about sharps-disposal practices of patients have 
been published, and our search of the literature did not iden-
tify a published questionnaire.10-17 In addition, inpatients 
were not included in prior studies of medical waste-disposal 
practices, and we wanted to know whether their disposal 
practices differ from those of ambulatory patients. 
Additionally, prior studies did not include questions about 
insulin pump infusion sets and CGMs.10-17 Therefore, ques-
tions about how patients dispose of these devices were also 
needed. We drafted a survey designed to gather data on 
patient self-reported practices about the use and disposal of 

sharps generated from conducting SMBG and administering 
insulin (Appendix). For the purposes of this study, we were 
interested in what patients were doing at home.

The survey included questions on how often respondents 
performed SMBG, how often they changed their lancets, and 
how they disposed of their lancets. The survey also included 
questions on insulin administration, such as how often 
patients injected insulin, how often they changed their nee-
dles, whether they recapped their needles, and how they dis-
posed of their needles. Because glass vials and insulin 
cartridges (which are used in pen devices) are potentially 
recyclable, disposal methods for these items were assessed. 
The survey also distinguished between participants who used 
insulin pumps and CGMs and those who injected insulin and 
performed SMBG as their primary means of DM manage-
ment. Finally, survey participants were asked whether they 
had received any education on safe sharps disposal and 
whether they had researched their municipal site for medical 
waste disposal.

Participant Recruitment

After receiving Mayo Clinic Institutional Review Board 
approval, we recruited a convenience sample of adult patients 
(age ≥18 years) with DM who were being seen as outpa-
tients at an endocrinology clinic or as inpatients and receiv-
ing insulin treatment. Surveys were conducted from June 1, 
2018, through October 31, 2018. Because the survey was 
written in English, only patients for whom English was their 
primary language were included. Surveys were completed by 
the patient, with assistance from study personnel when 
needed, and study personnel reviewed the surveys for 
completeness.

Data Analysis

Demographic characteristics and clinical information about 
DM were gathered with chart review and the survey. Data are 
expressed as number (percentage) or mean (SD). For the pur-
poses of this analysis, a safe sharps-disposal practice was 
defined as placing the item in a sealable container (eg, a milk 
jug or formal sharps container). An unsafe sharps-disposal 
practice was defined as any other method of disposal (eg, 
throwing items directly into the garbage or flushing them 
down the toilet). Responses were analyzed separately for 
outpatients and inpatients. Differences were assessed with t 
tests for continuous variables or the χ2 test for categorical 
variables.

Results

Participant Characteristics

The survey was completed by 150 patients, including 94 out-
patients and 56 inpatients. The mean (SD) age of the entire 
cohort was 56 (15) years; self-reported DM duration, 20 (13) 
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years; hemoglobin A
1c

, 8.1% (2.0%); and body mass index, 
30.4 (7.2) kg/m2 (Table 1). Most patients were men, and most 
were white. The most common treatment received was insu-
lin injections only, followed by the use of insulin injections 
in combination with other therapies. Some participants were 
receiving insulin pump therapy. We observed no significant 
differences (all P ≥ .09) in these characteristics between 
outpatient and inpatient respondents, so aggregate data are 
shown.

Few respondents used CGM devices rather than SMBG 
(Table 1), with no difference between the proportions of 
inpatient and outpatient respondents who used CGM (P = 
.12) or SMBG (P = .15). However, outpatients reported a 
slightly but significantly higher frequency of daily monitor-
ing than inpatients (mean [SD], 4 [2] vs 3 [2] times per day; 
P = .048).

Patterns of Lancet and Insulin Needle Use

Respondents were asked how many times they used a lancet 
or insulin needle before it was discarded and replaced with a 
clean device. Three respondents reported that they did not 
perform glucose monitoring at home and were not included 
in the analysis of lancet use and disposal. Half of the respon-
dents who performed SMBG indicated that they used a lan-
cet only once, but a substantial proportion (42%) stated they 

used a lancet more than twice (Figure 1). Some outliers were 
noted. For instance, one respondent reported changing their 
lancet four times per year, another used a single lancet over 
300 times, and a third changed lancets only once annually.

Most respondents who injected insulin reported using 
insulin needles only once, and few used an insulin needle 
two or more times (Figure 1). One respondent used an insulin 
needle 40 times and another respondent used an insulin nee-
dle 90 times before disposal. We observed no differences in 
patterns of lancet or insulin needle use between outpatients 
and inpatients (all P ≥ .14).

Patterns of Lancet and Insulin Needle Disposal

Among survey respondents who performed SMBG, more 
than 60% practiced safe disposal of their lancets (Figure 2). 
The other respondents typically threw their needles directly 
into their household garbage. One patient disposed of lancets 

Table 1.  Survey Participant Characteristics (N = 150a).

Characteristic Valueb

Demographic
  Age, y 56 (15)
  Men 84 (56)
  White race/ethnicity 112 (75)
Clinical
  Diabetes duration, y 20 (13)
  Hemoglobin A

1c
, % 8.1 (2.0)

  Body mass index, kg/m2 30.4 (7.2)
Diabetes treatment
  Insulin injections only 92 (61)
  Insulin injections and oral agents 27 (18)
  Insulin pump 22 (15)
 � Insulin injections, noninsulin injectable, 

and oral agents
6 (4)

  Insulin injections and noninsulin injectable 3 (2)
Method of glucose monitoring (n = 147c)
  Continuous glucose monitor 19 (13)
  Self-monitoring of blood glucose 128 (87)

aIncludes 94 outpatients and 56 inpatients. Differences between these 
groups of patients were not significant (P ≥ .09 for all characteristics); 
therefore, only data on all participants are shown.
bContinuous variables are reported as mean (SD), and categorical 
variables are reported as n (%).
cThree respondents were excluded because they did not perform glucose 
monitoring at home.

Figure 1.  Number of times respondents reported using a single 
lancet or insulin needle.

Figure 2.  Lancet and insulin needle-disposal practices. Safe 
disposal was defined as discarding sharps into a standard sharps 
container or other sealable container; unsafe disposal was defined 
as any other method (eg, sharps were thrown into household 
trash).
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by flushing them down the toilet. Among respondents who 
injected insulin, two-thirds used safe disposal practices, but 
the other one-third placed their needles directly into the 
household garbage.

Patterns of disposal for lancets and insulin needles were 
comparable between inpatients and outpatients (all P ≥ .76). 
In univariate analysis, lancet-disposal patterns did not vary 
according to respondent age, sex, hemoglobin A

1c
 level, 

body mass index, race/ethnicity, number of times lancets 
were used, or duration of DM (all P ≥ .08). Insulin needle-
disposal practices did not vary according to age, sex, hemo-
globin A

1c
 level, body mass index, race/ethnicity, or number 

of times the insulin needles were used (all P ≥ .12). However, 
insulin needle-disposal practices varied according to self-
reported DM duration. Patients who disposed of needles in 
an unsafe manner had DM for a longer duration than those 
who used safe disposal patterns (mean [SD], 22 [12] vs 16 
[12] years; P = .03).

Among the respondents who answered the survey ques-
tion about recapping their insulin needles (n = 124), nearly 
all respondents indicated that they recapped their needle 
before disposal (Figure 3(a)). Among these 105 respondents 
who recapped their syringes, two-thirds disposed of their 
needles in a safe manner, and the other one-third discarded 
needles into the household garbage (Figure 3(b)). Thus, even 
though these respondents recapped the needle first, their 
insulin needle-disposal practices still did not meet the defini-
tion of safe sharps disposal.

Disposal of Other DM Products

Most respondents discarded glass insulin vials, insulin car-
tridges, and insulin pens directly into the garbage (Figure 
4(a)). Similar practices were noted for disposal of used insu-
lin pump supplies and CGM sensors (Figure 4(b) and (c)). 
When respondents described “other” means of disposal for 
these items, the most common method was to place them into 

a sharps container or an alternative sealable container, and 
this method was classified as safe disposal.

Education About Disposal Practices

The majority of the 150 respondents (96 [64%]) indicated 
that they had never received instruction about safe sharps 
disposal as a part of their education about DM management. 
In addition, most (130 [87%]) indicated that they had never 
visited their municipal website for medical waste disposal. 
Similar proportions of inpatients and outpatients reported not 
receiving education on proper sharps disposal (P = .70) and 
not having knowledge about their municipal website for 
medical waste disposal (P = .22).

Discussion

Household-generated sharps have been documented in MSW 
streams. Several factors, such as home management of 
increasingly prevalent medical conditions, confusion about 
proper sharps disposal, and lack of access to needle take-
back programs, raise concern that the problem of needles and 
other sharps in MSW streams will only increase.3 DM, which 
is epidemic and increasing in prevalence, is among the medi-
cal conditions likely to contribute to the increasing mass of 
sharps that could enter into the MSW stream.1

The previous studies from the United States and other 
countries have reported unsafe disposal practices for medical 
sharps among patients with DM, and patients report being 
poorly educated on the topic.10-17 Unlike the previous reports, 
the current study included patients from inpatient and outpa-
tient settings. We believed that the inclusion of inpatients 
was important because no data are available about their at-
home disposal practices. We had no reason to assume that 
their processes would differ from those of ambulatory 
patients, and the analyses showed that their processes were 
similar. The findings of this study are similar to those of the 

Figure 3.  Disposal of recapped insulin needles. (a) Survey respondents who recapped their insulin needles after use. (b) Survey 
respondents who safely disposed of recapped needles. Safe disposal was defined as discarding sharps into a standard sharps container or 
other sealable container; unsafe disposal was defined as any other method (eg, sharps were thrown into household trash).
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previous studies,10-17 and this report is the most recent addi-
tion to the literature indicating that little has changed in the 
habits of patients with DM or their perceptions about the 
management of DM-associated waste. Overall, approxi-
mately one-third of respondents disposed of their lancets and 
insulin needles in an unsafe manner, and their disposal prac-
tices would not be considered in compliance with recom-
mendations. Some respondents may have believed that 
recapping their insulin needles would make them sufficiently 
safe for disposal, but the needle and cap could separate, leav-
ing an unprotected needle with its attendant risk if simply 
thrown into household trash. Moreover, few respondents 
indicated that they had received specific education about 
proper sharps-disposal practices.

Unlike other reports, this study also examined how 
patients disposed of CGM and insulin pump-related waste. 
Although such patients constituted only a small proportion 

of all respondents, CGM and insulin pump use are increas-
ing, and how such medical waste is discarded by this subset 
of patients warrants further study. Most respondents dis-
carded their CGM sensors and insulin pump waste directly 
into the household trash. Although clear guidelines exist for 
disposal and handling of household sharps,4,6-8 the authors 
were unable to locate any federal or state guidelines about 
how to handle waste generated from the use of CGM sensors 
and insulin pumps. Review of guidelines from various ven-
dors indicated that different recommendations are provided 
to patients about how to discard used sensors and infusion 
sets. For instance, one CGM manufacturer recommends 
placing used sensors in a sharps container,18 but another ven-
dor recommends discarding sensor-containing patches 
according to local guidelines.19 Similarly, guidelines from 
insulin pump and patch manufacturers either state that 
patients should follow local guidelines for infusion set dis-
posal or do not provide guidance.20-22 However, if local 
guidelines do not exist, then patients using a CGM or insulin 
pump have no source of information to consult during deci-
sion making. Educating patients about proper disposal tech-
niques is difficult because of the lack of consistent guidelines 
about handling CGM and insulin pump-generated waste.

Most patients discarded glass insulin vials, insulin car-
tridges, and disposable plastic insulin pens into the house-
hold trash rather than recycling them. For patients to recycle 
these medical-grade products, they would need to be com-
posed of recyclable materials. Given their potentially recy-
clable glass and plastic composition, the reason why these 
items were not recycled is unclear but may be due to the 
presence of residual insulin product. Discharging pharma-
ceuticals into the environment is an ongoing concern.23-25 
Residual insulin in vials and cartridges may pose challenges 
to recycling facilities because the drug should be removed 
before recycling the container. m-Cresol, also known as 
meta-cresol and 3-methylphenol, is a methyl-substituted 
phenol and used as a preservative in insulin solutions. Waste 
can be classified as hazardous if it contains m-cresol at a con-
centration over the regulatory limit of 200 parts per million 
(ppm). The concentration of m-cresol in insulin solutions 
ranges from to 1700 to 3000 ppm, thereby exceeding the 
regulatory level for hazardous waste.26 Moreover, in order to 
recycle vials and plastic insulin pens, these medical grade 
products would need to be composed of recyclable materials. 
As an alternative to recycling or disposal in household trash, 
used and unused insulin vials and cartridges can be delivered 
to local medical waste-collection centers.

We previously defined geoenvironmental diabetology as 
the study of how geophysical phenomena affect patients with 
DM, as well as metabolic control, DM equipment, medica-
tions, supplies, access to care, and the adaptive strategies 
implemented by patients to manage their DM under extreme 
scenarios (eg, floods, hurricanes, heat waves, and war).27 The 
definition could be expanded to include the effects of DM 

Figure 4.  Disposal methods for various types of diabetes 
mellitus supplies. (a) Insulin pens, vials, and cartridges. (b) Insulin 
pump supplies (e.g. infusion sets). (c) Continuous glucose-
monitoring sensors. Because of the small sample size, number 
rather than percentage is reported in panels (b) and (c). Other 
includes sharps containers and alternative sealable containers.
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waste on the environment. Full assessment of these effects 
requires evaluation of important questions, such as how 
much DM waste is generated, what products are used, how 
much (eg, weight and volume) of these products are used, 
and how these products can be recycled. For example, a 
recent study suggested that insulin pumps contain little recy-
clable materials.28

This study has several limitations but provides opportunities 
to expand surveys in the future. For instance, our survey 
focused on only home disposal and not how patients dispose of 
DM-related medical waste when they are in other environ-
ments (eg, workplaces, restaurants, vacation locales, commer-
cial airliners, and airports). Additionally, we did not explore 
how patients dispose of full sharps containers. The current 
choices for disposal of full containers include special munici-
pal pickup services for medical waste, specially designated 
drop-off centers, and mail-back or exchange programs. Devices 
are also available for home destruction of needles, thereby ren-
dering them inert and safe for disposal in household trash.6,7 
Information on different options is available through state-spe-
cific and municipality-specific sites. However, our data indi-
cated that respondents did not visit these sites, which is another 
area of focus for patient education initiatives.

Another limitation is that we did not explore why a sub-
stantial number of respondents reused lancets and needles or 
why lancets were reused more often than insulin needles. We 
also did not evaluate how respondents sanitized these sharps 
between uses or the infection risk posed to the patient by 
multiple uses of the same lancet or needle.

Solving the problem of medical sharps disposal may 
require a multipronged approach. One possible solution is 
for manufacturers to provide information on local disposal 
methods in the package inserts for needles, insulin pump 
infusion sets, or CGMs. The Product Stewardship Institute29 
has advocated for sharps manufacturers, pharmaceutical 
manufacturers, or both to pay for and manage sharps take-
back programs. Diabetes educators could be provided more 
in-depth training about regionally specific guidelines on 
medical waste disposal. However, point-of-care education, 
although important, may not fulfill the need for greater 
awareness of this topic, and a larger public health campaign 
may be required.

Despite these limitations, the study identified several 
areas that require further investigation. Although most 
respondents were properly disposing of DM-associated med-
ical sharps, approximately one-third used unsafe disposal 
practices. Extrapolated over the millions of people with DM 
in the United States, unsafe disposal could result in millions 
of sharps in the MSW stream, thereby posing a substantial 
public health hazard. Because of the increasing prevalence of 
DM, expanded studies with larger numbers of patients are 
needed to determine their sharps-disposal practices. 
Improved education about how to safely dispose of sharps is 
needed for patients and their at-home caregivers. A broader 

discussion of the environmental effects of DM management 
is warranted.
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