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ABSTRACT

Introduction: The administration of medica-
tions targeting type 2 diabetes mellitus (T2D)
has evolved over time. As injection delivery
systems continue to evolve, it is necessary to
understand patients’ perceptions of currently
available treatments. The objective of this study
was to examine the patient perspective of
injectable treatment for T2D and identify char-
acteristics of these treatments that are most
important to patients.

Methods: Data were collected via an online
survey study with a sample of individuals in the
UK and US who were treated for T2D with
injectable medication. The survey was designed
to elicit perceptions of the treatment process for
injectable glucagon-like peptide 1 (GLP-1)
receptor agonists and insulin.
Results: The sample included 504 participants
(251 UK, 253 US). Approximately half (50.4%)
were treated with a GLP-1 receptor agonist and
half (49.6%) were treated with insulin.
Respondents were presented with a list of 17
characteristics of injectable medication and
asked to indicate which were most important to
them. Respondents most frequently selected
confidence in administering the correct dose
(n = 300, 59.5%); ease of selecting the correct
dose (n = 268, 53.2%); overall ease of using the
injection device (n = 239, 47.4%); frequency of
injections (n = 223, 44.2%); and ease of carrying
the device when necessary to inject away from
home (n = 190, 37.7%). Characteristics least
frequently cited as important included dose
escalation (n = 79, 15.7%); handling the needle
(n = 74, 14.7%); connectivity to an electronic
device (n = 70, 13.9%); and the time required to
prepare and inject each dose (n = 62, 12.3%).
Conclusion: Results of this survey suggest that
patients prioritize some attributes of
injectable treatments over others. These find-
ings may have implications for clinical practice
and development of injection devices.
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Key Summary Points

Why carry out this study?

As injection delivery systems for
medications targeting type 2 diabetes
(T2D) continue to evolve, it is necessary to
understand patients’ perceptions of
currently available treatments.

The objective of this study was to examine
the patient perspective of injectable
treatment for T2D and identify
characteristics of these treatments that are
most important to patients.

What was learned from the study?

Attributes of injection delivery systems
that patients most frequently cited as
important include confidence in
delivering the correct dose, ease of
administering the correct dose, ease of
using the injection device, and dose
frequency.

Attributes that appeared to be less
important to patients include dose
escalation, handling the needle, electronic
connectivity, and dose preparation time.

Patient preferences, such as those reported
in this study, can inform clinical decision-
making and the development of injection
devices with features more likely to
enhance adherence and maximize
treatment benefit.

INTRODUCTION

Globally, the number of individuals diagnosed
with diabetes has increased at an alarming rate
for decades [1–8], and projections indicate that
as many as 578 million people will be living

with the disease by 2030 [7]. Type 2 diabetes
mellitus (T2D), which accounts for about
90–95% of all diabetes cases, impacts over 30
million Americans [9]. Although somewhat
lower in the United Kingdom (UK), prevalence
of T2D in that country has doubled in recent
years, exceeding 5% of the population [10], and
it is considered one of the country’s fastest
growing health issues [11, 12].

Although lifestyle changes and metformin
continue to be the first-line approach for most
patients with T2D, use of second-line glucose-
lowering therapies, including injectable medi-
cations, has increased dramatically in recent
years [13, 14]. Over time, the process of taking
medications for T2D has evolved, particularly
the developments in injection delivery systems
for insulin and glucagon-like peptide 1 (GLP-1)
receptor agonists [15–19]. For example, several
convenient attributes of the newer insulin pens
include their availability in prefilled designs
(e.g., NovoLog� FlexPen� [20], Humalog Kwik-
Pen� [21]), more precise dosing selection
options (e.g., NovoPen Echo� [22], HumaPen�

LuxuraTM HD [23], Humalog� Junior KwikPen�

[24]), and memory functionality to revert to
previous dose settings (e.g., HumaPen� Mem-
oirTM [25], NovoPen Echo� [22]). Other features
designed to improve the patient experience of
injection devices for insulin and GLP-1 receptor
agonists include autoinjector capabilities (e.g.,
Bydureon BCise� [26], Autopen� Classic [27]);
hidden needles (e.g., Trulicity� Single-Dose Pen
[28], NovoPen� 3 PenMate� [29], BD Auto-
ShieldTM Duo [30]); spring-loaded mechanisms
that require less force while injecting (e.g.,
NovoLog� FlexPen� [31], Autopen Classic�

[27]); single-dose, single-use devices (e.g.,
Trulicity� Single-Dose Pen [28]); and audible
clicks to confirm dose delivery (e.g., NovoPen�

4 [32]).
Changes to dosing and timing requirements

of certain medications have been implemented
to enhance convenience and further improve
the overall patient experience. For example, a
‘‘super-long-acting’’ basal insulin (insulin ico-
dec) intended to be dosed as a once-weekly
injection (rather than once-daily) is under
development [33, 34], while recently developed
fast-acting insulins have no premeal dosing

2388 Diabetes Ther (2021) 12:2387–2403



requirements [35, 36]. Similarly, several GLP-1
receptor agonists are now available as once-
weekly injections, including exenatide [26],
dulaglutide [28], and semaglutide [37].

While efficacy and safety are the primary
factors to consider when selecting a medication,
aspects of the treatment process can also con-
tribute to treatment outcomes. Treatment pro-
cess attributes that enhance convenience and
ease of use have been shown to influence
patient preference [38–43], and previous studies
have demonstrated that patients tend to prefer
simpler treatment regimens [44–49]. The
patient perspective is important because
patients may have better treatment adherence
with preferred treatments, and adherence can
affect patient outcomes [15, 50–56]. A recent
consensus report issued by the American Dia-
betes Association (ADA) and European Associa-
tion for the Study of Diabetes emphasized the
importance of patient preference when dis-
cussing and selecting a diabetes treatment regi-
men [57]. Therefore, as injection delivery
systems continue to evolve, it is necessary to
survey patients with T2D to understand their
perceptions of currently available injection
devices.

The objective of this study was to examine
the patient perspective of injectable treatment
for T2D, including aspects of the injection
treatment process. One area of focus was to
determine which treatment process character-
istics of injectable T2D medications are most
important to patients. Data were collected via
an online survey with a geographically diverse
sample in the US and UK.

METHODS

Study Design

This was an observational, online survey study
with a sample of individuals living with T2D in
the UK and US who were treated with
injectable medication (GLP-1 receptor agonist
or insulin). Approximately half of the sample
was recruited from the US, and the other half
was recruited from the UK. Within each coun-
try, efforts were made to recruit approximately

50% who were treated with an injectable GLP-1
receptor agonist and approximately 50% using
an insulin pen.

The study proceeded in three phases: (1)
‘‘pre-testing’’ qualitative interviews; (2) a pilot
online survey; and (3) the main online data
collection survey. The qualitative interviews in
phase 1 were conducted by telephone and were
designed to evaluate the clarity of the survey
and determine whether revisions were needed
prior to launching the survey in phase 2.
Phase 2 data were reviewed to confirm that
there were no problems with the online survey
before proceeding with the larger data collec-
tion in phase 3. Individuals were not permitted
to participate in more than one phase of the
study.

Participants were required to provide written
informed consent before completing study
procedures, and all procedures and materials
were approved by an independent institutional
review board (Ethical & Independent Review
Services; Initial approval on March 31, 2020
[Protocol # 20021–01]; Modification approval
on May 24, 2020 [Protocol # 20021-01B]). This
study was conducted in accordance with the
Declaration of Helsinki. A license agreement
was obtained to use the electronic version of the
EQ-5D-5L in this study. Other than the EQ-5D-
5L, the content of the survey was developed by
the authors. Therefore, no external permissions
were required to use or implement the survey.

Participants

Individuals who met the following criteria were
eligible for participation in the study: adult
(18 years or older) resident of the US or UK; self-
report of T2D diagnosis by a medical profes-
sional (duration of T2D at least 6 months);
currently being treated for T2D with either an
injectable GLP-1 receptor agonist or insulin
pen; and able to read and understand English
sufficiently to participate in the study and
complete all assessments. The following criteria
excluded individuals from participating in the
study: diagnosed with type 1 diabetes or latent
autoimmune diabetes; currently taking an
injectable combination treatment that includes
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both a GLP-1 receptor agonist and an insulin;
currently taking both a GLP-1 receptor agonist
and insulin; taking insulin via vial and syringe
injections; diagnosed with gestational diabetes;
pharmaceutical employees; or employed in a
position where they have a direct role in treat-
ing patients with diabetes. In addition, poten-
tial participants currently treated with a GLP-1
receptor agonist were excluded if they had pre-
viously taken insulin. Similarly, individuals
treated with insulin were excluded if they had
previously taken a GLP-1 receptor agonist.

To recruit participants for phase 1, potential
study participants were identified from a data-
base of patients who self-reported diabetes and
who had participated in previous studies.
Potential participants were invited by email to
participate in the study. The email included
information about the study and a telephone
number that interested individuals could call to
be screened for eligibility. After screening by
phone, individuals who met study inclusion/
exclusion criteria were scheduled for an inter-
view. A weblink was sent to participants so they
could complete the online survey immediately
prior to their scheduled interview. In the
phase 1 interview, participants provided feed-
back on the survey.

In phases 2 and 3, participants were recruited
through online patient panels that included
individuals who self-reported diabetes. These
online patient panels consisted of patients who
had completed extensive screening surveys,
including sociodemographic and healthcare
data. To bolster recruitment efforts in phase 3,
additional participants were identified through
the same database of patients utilized in phase 1
of this study. Individuals were invited by email
to complete the online survey. The invitation
email included a brief description of the study
and a survey link.

Survey Procedures

Once potential participants clicked on the link
provided in the invitation email, they were
taken to a screening questionnaire to confirm
eligibility for the study. Respondents who were
eligible were taken to an electronic informed

consent page, which they were asked to review.
After providing consent to participate in the
study, participants were directed to the survey.
The survey took approximately 15–20 min to
complete, including confirmation of eligibility
and the electronic informed consent process.
Participants were remunerated for their
participation.

Measures

The survey included the measures described
below.

Sociodemographic and Clinical Questions
Sociodemographic information was collected
including age, gender, living situation,
employment, education level, and racial/ethnic
background. Questions on clinical information
asked participants to report their height,
weight, current T2D medication, diabetes-re-
lated complications, other health conditions,
glycated hemoglobin (HbA1c), and use of con-
tinuous glucose monitoring devices. Details
about their injection devices were gathered with
separate questions for GLP-1 receptor agonist
users and insulin device users.

Treatment Administration and Device
Characteristics Questions
Questions focusing on treatment administra-
tion and injection device characteristics were
designed to identify which characteristics of the
injection treatment process were most impor-
tant to participants. Seventeen attributes of
injectable medication were included as response
options. These attributes were selected based on
published literature on insulin and GLP-1
receptor agonist injection delivery systems
[17, 58–61], as well as consideration of the
injection devices used with currently available
treatments [20, 26, 28, 32]. Respondents were
asked to select the five attributes that were most
important to them. The survey also included
several questions focusing on participants’ his-
tory of injectable treatment for their T2D. Key
questions from the survey are presented in the
supplementary material.
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EQ-5D-5L
The EQ-5D-5L is a self-administered, generic,
preference-weighted measure designed to assess
current health status [62–65]. The first section
consists of five dimensions (mobility, self-care,
usual activities, pain/discomfort, and anxiety/
depression). There are five levels to assess each
dimension of health-related quality of life and
these levels correspond to 1 (no problems), 2
(slight problems), 3 (moderate problems), 4
(severe problems), or 5 (unable). The second
section of the EQ-5D-5L consists of a 20-cm
vertical visual analogue scale, with anchors of
0 (‘‘worst imaginable health state’’) and 100
(‘‘best imaginable health state’’). Participants
were asked to choose a number along the scale
that reflected their current health. The appro-
priate language version of the EQ-5D-5L was
administered to the UK and US participants.
The EQ-5D-5L descriptive system was scored as
outlined by van Hout et al. [66].

Pre-testing Qualitative Interviews for Phase 1
Participants
Participants in phase 1 participated in qualita-
tive pre-testing interviews conducted by tele-
phone. In these interviews, they were asked a
series of open-ended questions immediately
following completion of the online survey.
These questions assessed the extent to which
the survey was clear and easy to understand to
determine if the survey should be refined prior
to launching phase 2.

Statistical Analysis

Analyses were performed with data from the
combined samples in phase 2 and phase 3, as
well as separately by country. Descriptive
statistics (e.g., mean, median, standard devia-
tion; range for continuous variables; frequency
and percentages for categorical variables) were
used to summarize participants’ responses and
characterize the sample in terms of sociodemo-
graphic and clinical characteristics. Statistical
tests were run to compare UK patients to US
patients; chi-squared tests were performed for
categorical variables, while t tests were run for
continuous variables. Statistical significance for

p values was 0.05, and all tests were two-tailed.
Statistical analyses were completed using SAS
version 9.4 (SAS Institute 1979–2013).

RESULTS

Phase 1 Results

In phase 1, 10 patients with T2D, five from the
UK and five from the US, completed the draft
survey followed by a qualitative interview. Half
of these patients were being treated with insulin
at the time they completed the survey, while
the other half were receiving a GLP-1 receptor
agonist. The primary goal of the interviews,
each of which took approximately 30 min to
conduct, was to determine whether any revi-
sions to the survey were necessary prior to
administering it to a larger number of respon-
dents in the next phase. Patients generally
reported that the survey questions and response
options were clear and understandable, and
most patients said the survey was easy to com-
plete. Relatively minor edits were made to the
survey on the basis of respondents’ recommen-
dations. For example, the response option
‘‘computer app’’ was changed to ‘‘desktop/lap-
top’’ for the item that asked about the connec-
tivity of one’s continuous glucose monitoring
device. For the item about health conditions
other than T2D, the response option ‘‘substance
abuse’’ was changed to ‘‘drug abuse.’’ The
slightly revised version of the survey was sub-
sequently administered in phase 2.

Sample Selection for Phases 2 and 3

Forty participants completed the revised survey
in phase 2. No problems with the survey or data
were identified in phase 2, and therefore, no
changes were made to the survey prior to
beginning phase 3. Therefore, data from phase 2
(n = 40) and 3 (n = 4530) were combined for the
final analysis data set. In phases 2 and 3, a total
of 4570 individuals who were invited to com-
plete the survey initiated the screening proce-
dures (Fig. 1). Of those who began the
screening, 186 did not complete the screening
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form, and 3819 were found to be ineligible,
resulting in a potential sample of 565 eligible
individuals. Common reasons for not being
eligible included not currently being treated
with injectable medication (n = 2239) and hav-
ing type 1 instead of type 2 diabetes (n = 433).

Twenty-four of the individuals did not pro-
vide consent, while another 37 did not fully
complete their survey. Thus, a total of 504 eli-
gible respondents provided consent and com-
pleted the full survey. The analysis data set
includes data from these 504 individuals,
including 251 patients from the UK and 253
patients from the US, with 254 treated with a
GLP-1 receptor agonist and 250 using an insulin
pen. Table 1 summarizes the study population
by phase, country, and medication type.

Sample Characteristics

There were some demographic differences
between the US and UK samples (Table 2). On
average, the UK sample was somewhat younger
than the US sample (50.9 vs. 59.2 years old;
p\0.001) and more likely to be male (71.3% vs.
55.3%; p\ 0.001). Participants in both coun-
tries were predominantly White (US, 88.5%;
UK, 98.8%). The majority of UK participants
were from England (n = 217, 86.5%), while the
US participants had greater geographic varia-
tion across the four regions of the country
(Northeast, Midwest, South, West).

On average, participants in this study had
been living with T2D for 10.9 (± 9.1) years.
Participants’ mean body mass index (calculated
based on self-reported height and weight) was

Initiated screening 
(n=4,570)

Screening incomplete

(n=186)

Ineligible*

(n=3,819)

Did not consent

(n=24)

Eligible and consented
(n=541)

Incomplete survey 

(n=37)

Completed survey 
(final sample)

(n=504)

Eligible
(n=565)

Fig. 1 Sample selection. *Reasons for ineligibility: age or
geography (n = 50) (e.g., under 18, did not reside in UK
or US); diagnosis (n = 833) (e.g., diagnosed with type 1
diabetes, diagnosis of T2D less than 6 months prior to the
survey); medication (n = 2905) (e.g., not currently using
injectable medication for T2D); and other less common

reasons (n = 31) (e.g., unwilling to provide informed
consent, conflict of interest due to employment at a
pharmaceutical company)
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31.8 (± 8.9), and the majority (n = 294, 58.3%)
reported their most recent HbA1c level to be
between 7.1% and 9% (when responding to a
question with several categorical response
options). More than half of the sample reported
no diabetes complications (n = 276, 54.8%).
The most commonly reported diabetes compli-
cations included nerve complications (e.g.,
numbness or pain in feet or hands) (n = 128,
25.4%) and eye complications (e.g., diabetic
retinopathy) (n = 72, 14.3%). The most com-
monly reported comorbidities were high blood
pressure (n = 251, 49.8%), arthritis (n = 123,
24.4%), depression (n = 113, 22.4%), and anxi-
ety (n = 101, 20.0%).

Most of the GLP-1 receptor agonist-treated
participants (n = 163, 64.2%) reported using a
single-dose pen rather than a multi-dose pen,
and the average length of time on their GLP-1
receptor agonist medication was 2.2 (± 2.8)
years. More than half of the GLP-1 receptor
agonist-treated participants reported once-
weekly dosing (n = 142, 55.9%), while a smaller
proportion injected themselves either twice-
daily (n = 46, 18.1%) or once-daily (n = 66,
26.0%). Insulin pen users reported that they
had been treated with insulin for a mean of 7.7
(± 6.5) years. Almost all participants treated
with insulin (n = 223, 89.2%) reported using a
prefilled injection pen that is discarded after the
medication runs out (as opposed to an injection
pen with replaceable medication cartridges).
Frequency of insulin use was split almost evenly
across the three response categories: once-daily,

38.8%; twice-daily, 30.0%; three or more times
daily, 31.2%.

EQ-5D-5L results suggest that this sample
was relatively healthy in terms of mobility, self-
care, usual activities, and anxiety/depression
with half or more (48.8–72.0%) reporting ‘‘no
problems’’ in these four areas. However, the
majority of participants (57.2%) reported either
slight or moderate problems with pain/discom-
fort. The mean EQ-5D-5L index score was 0.73
(± 0.25), while the mean visual analogue scale
score was 67.35 (± 19.58).

Perceptions of Injectable Medication

Patients reported that their doctor first recom-
mended an injectable medication a mean of 5.5
(± 6.7) years after receiving their T2D diagnosis.
Most reported that they started using
injectable medication to either better control
their blood sugar levels (n = 407, 80.8%) and/or
because oral medication alone had not been
working for them (n = 317, 62.9%) (responses to
this question were not mutually exclusive).
Respondents tended to start injectable medica-
tion soon after it was recommended by their
physicians. The majority started their
injectable medication regimen either within a
week (n = 250, 49.6%) or within the same day
(n = 138, 27.4%) that their doctor recom-
mended injectable medication. Participants
reported experiencing a wide range of emotions
in response to their doctor’s recommendation
for injectable medication, as presented in

Table 1 Study population by phase of study, country, and medication type

Medication type Phase 1: qualitative pilot
survey

Phase 2: quantitative pilot
survey

Phase 3: main
survey

Final analysis
samplea

UK US Total UK US Total UK US Total UK US Total

Insulin pen 3 2 5 19 13 32 103 115 218 122 128 250

GLP-1 RA 2 3 5 1 7 8 128 118 246 129 125 254

Total 5 5 10 20 20 40 231 233 464 251 253 504

UK United Kingdom, US United States, GLP-1 RA glucagon-like peptide 1 receptor agonist
a Because no changes were made to the survey during or following phase 2, the phase 2 data were combined with phase 3
data for the final analysis sample
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Table 2 Sociodemographic information

Sociodemographic questions UK patients
(N = 251)

US patients
(N = 253)

Total sample
(N = 504)

p valuea

Age (mean, SD) (years) 50.9 (15.5) 59.2 (13.1) 55.1 (14.9) \ 0.001

Gender (n, %) \ 0.001

Female 72 (28.7%) 113 (44.7%) 185 (36.7%)

Male 179 (71.3%) 140 (55.3%) 319 (63.3%)

Ethnic background (n, %)

UK categories (n, %) –

Asian/Asian British 3 (1.2%) – –

White 248 (98.8%) – –

US categories (n, %) –

American Indian or Alaska

Native

– 1 (0.4%) –

Asian – 7 (2.8%) –

Black or African American – 12 (4.7%) –

White – 224 (88.5%) –

Multipleb – 5 (2.0%) –

Other – 4 (1.6%) –

Employment status (n, %) \ 0.001

Full-time work 127 (50.6%) 88 (34.8%) 215 (42.7%)

Part-time work 18 (7.2%) 15 (5.9%) 33 (6.5%)

Homemaker 5 (2.0%) 13 (5.1%) 18 (3.6%)

Student 1 (0.4%) 0 (0.0%) 1 (0.2%)

Unemployed 16 (6.4%) 8 (3.2%) 24 (4.8%)

Retired 73 (29.1%) 121 (47.8%) 194 (38.5%)

Other 11 (4.4%) 8 (3.2%) 19 (3.8%)

Education level (n, %) 0.926

No university degree 119 (47.4%) 121 (47.8%) 240 (47.6%)

University degree 132 (52.6%) 132 (52.2%) 264 (52.4%)

Locations in UK (n, %) –

England 217 (86.5%) – –

Northern Ireland 4 (1.6%) – –

Scotland 22 (8.8%) – –

Wales 8 (3.2%) – –
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Table 3. The most commonly reported emo-
tional responses were acceptance (n = 214,
42.5%), hopefulness (n = 182, 36.1%), and
worry or concern (n = 121, 24.0%).

To assess comfort with their current
injectable regimens, participants were asked to
think about a hypothetical scenario in which
they needed to change their injectable medica-
tion regimen. They were asked for their prefer-
ence between three possible new regimens.
Two-thirds of participants preferred a higher
dose of the same medication (same injection
device) (n = 336, 66.7%) over the other two
options (Fig. 2). Approximately one-quarter
(n = 125, 24.8%) preferred replacing their cur-
rent injectable medication with a new one
(potentially using a different device), while rel-
atively few opted for adding a second
injectable medication to their current
injectable medication (n = 43, 8.5%).

Most Important Characteristics of
Injectable Medication for T2D

Respondents were presented with a list of 17
characteristics of injectable medication and
asked to indicate which five characteristics were
most important to them when choosing a
treatment for T2D (Table 4). Respondents most
frequently selected confidence in administering

the correct dose (n = 300, 59.5%); ease of
selecting the correct dose (n = 268, 53.2%);
overall ease of using the injection device
(n = 239, 47.4%); frequency of injections
(n = 223, 44.2%); and ease of carrying the
device when it is necessary to inject away from
home (n = 190, 37.7%). The characteristics that
were least frequently cited as important inclu-
ded dose escalation (n = 79, 15.7%); handling
the needle (n = 74, 14.7%); connectivity to an
electronic device (n = 70, 13.9%); and the time
required to prepare and inject each dose (n = 62,
12.3%).

DISCUSSION

Over time, the process of how injectable T2D
medications are taken has evolved. Results of
this survey provide insight into patient per-
spectives of currently available injectable treat-
ment options. Findings suggest that patients
prioritize some attributes of injectable treat-
ments over others. Attributes that patients most
frequently cited as important include confi-
dence in delivering the correct dose, ease of
administering the correct dose, ease of using the
injection device, and dose frequency. Attributes
that appear to be less important to patients
include dose escalation, handling the needle,

Table 2 continued

Sociodemographic questions UK patients
(N = 251)

US patients
(N = 253)

Total sample
(N = 504)

p valuea

Regions in USc (n, %) –

Northeast – 56 (22.1%) –

Midwest – 72 (28.5%) –

South 85 (33.6%) –

West 40 (15.8%) –

a p values are for analyses comparing UK patients to US patients. Statistical tests are t tests for continuous variables and chi-
square analyses for categorical variables
b Multiple includes American Indian or Alaska Native ? White (n = 3); Black or African American ? White (n = 1);
White ? other race (n = 1)
c Based on published Census Bureau Regions listed (https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_
regdiv.pdf)
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electronic connectivity, and dose preparation
time.

Current results are consistent with previous
studies comparing injection devices for treat-
ment of T2D. A range of studies assessing pref-
erence among insulin and GLP-1 receptor
agonist injection devices have found that
patients preferred devices that were perceived as
easier to use [48, 67, 68]. As in the current study,
previous research has also shown that patients
value features that instill greater confidence
that they are receiving the correct dose [69, 70].
The current results add to these previous find-
ings by providing insight into preferences across
a wider range of injectable treatment attributes.

These results may have implications for
clinical practice. Participants reported experi-
encing a wide range of emotions in response to
their doctor’s recommendation for starting an
injectable diabetes medication, with acceptance
and hopefulness being the most common reac-
tions. Additionally, when patients were asked
for their preference between possible new
injection regimens, two-thirds of the sample
preferred a higher dose of the same medication
in the same injection device. This may be
because patients are more comfortable with a
familiar treatment regimen compared to a new
medication with an unfamiliar device. By pre-
scribing treatments and regimens that patients
prefer, it may be possible to improve medica-
tion adherence and maximize the benefits of
diabetes treatment. Physicians can discuss
treatment attributes, such as those listed in
Table 4, with patients to identify the optimal
treatment regimen for each individual. The
patient priorities highlighted in this study may
also be relevant to the development of injection
devices. To maximize adherence and clinical
benefit, device developers can focus on attri-
butes that are most important to patients when
designing and modifying injection delivery
systems.

Study limitations should be noted. First,
online surveys with large samples do not allow
for detailed assessment through free-text
responses, and participants’ responses in this
study were limited to the programmed survey
choices. For example, participants reported the
medication attributes that were important to
them by selecting from a list of characteristics.
Although this list of 17 characteristics was rel-
atively thorough, there could be other aspects
of treatment administration and injection
devices that are important to patients but were
not included as an option. In addition, these 17
characteristics focused exclusively on the treat-
ment process associated with injectable medica-
tions. Efficacy and safety are the primary
concerns when selecting medication for
patients with T2D. The treatment process issues
examined in the current study should always be
considered in combination with efficacy, safety,
and other potentially important treatment
attributes.

Table 3 Emotional reaction to recommendation of
injectable medicationa

Emotional
reaction

UK
patients
(N = 251)

US patients
(N = 253)

Total
sample
(N = 504)

Acceptance 103 (41.0%) 111 (43.9%) 214 (42.5%)

Hopeful 87 (34.7%) 95 (37.5%) 182 (36.1%)

Worried 59 (23.5%) 62 (24.5%) 121 (24.0%)

Scared 60 (23.9%) 60 (23.7%) 120 (23.8%)

Unsure 42 (16.7%) 61 (24.1%) 103 (20.4%)

Sad 48 (19.1%) 52 (20.6%) 100 (19.8%)

Relieved 33 (13.1%) 29 (11.5%) 62 (12.3%)

Overwhelmed 26 (10.4%) 31 (12.3%) 57 (11.3%)

Angry 33 (13.1%) 22 (8.7%) 55 (10.9%)

Indifferent 40 (15.9%) 13 (5.1%) 53 (10.5%)

Denial 31 (12.4%) 17 (6.7%) 48 (9.5%)

Guilty 26 (10.4%) 19 (7.5%) 45 (8.9%)

Empowered 24 (9.6%) 18 (7.1%) 42 (8.3%)

None of these 6 (2.4%) 4 (1.6%) 10 (2.0%)

a Participants were responding to the following item:
‘‘After your doctor first recommended injectable medica-
tion, what was your emotional reaction? Please select up to
three emotional states below that best describe your reac-
tion.’’ The emotional reactions listed in this table were
presented as options
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Another limitation is that the sample was
recruited entirely in the US and UK, and the
samples in both countries were predominantly
White. Patient preferences and perceptions
related to their healthcare can vary by culture,
country, and sociodemographics [71–73].
Therefore, generalizability of results outside
these two English-speaking countries is not
known. In addition, it should be noted that
while the sample is not small, it was not
recruited to be nationally representative in
either country.

Furthermore, results for the total sample of
504 patients should be interpreted with appro-
priate caution because it is a heterogeneous
group. For example, the total sample includes
patients from two countries with substantially

different healthcare systems. Aspects of the
healthcare system within each country could
have an impact on treatment preferences, par-
ticularly because health insurance status and
cost of medication have more impact on
patients in the US than in the UK. Despite these
differences, however, it does appear that pref-
erences among characteristics of
injectable treatment are quite similar in the two
countries, as shown in Table 4.

Another source of heterogeneity is the type
of treatment that patients were receiving. This
study was designed to explore preferences of a
broad range of patients receiving
injectable treatment for T2D, and results are
presented for this combined group receiving a
range of insulins and GLP-1 receptor agonists. It

59
(23.5%)

26
(10.4%)

UK Patients (N=251)

66
(26.1%)

17
(6.7%)

US Patients (N=253)

125
(24.8%)

43
(8.5%)

Total Sample (N=504) Participants who preferred a higher

dose of the same medication, which

would be administered in the same

injection device

Participants who preferred replacing

their current injectable medication

with a new injectable medication,

which may be administered in a

different

Participants who preferred adding a

second injectable medication to their

current injectable treatment

166
(66.1%) 170

(67.2%)

336
(66.7%)

Fig. 2 Reaction to hypothetical scenario of needing to
adjust injectable treatment regimen: preference between
three treatment options. Participants were responding to
the following item: ‘‘If your doctor says you need to change

your injectable treatment, which one of these options
would you prefer?’’
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Table 4 Most important characteristics when choosing an injectable treatment for type 2 diabetes

Characteristics of injectable treatmenta Frequency (%) of respondents indicating that
each treatment characteristic is important

UK patients
(N = 251)

US patients
(N = 253)

Total sample
(N = 504)

Confidence that you are administering the correct dose 155 (61.8%) 145 (57.3%) 300 (59.5%)

Ease of selecting or giving yourself the correct dose of medication 131 (52.2%) 137 (54.2%) 268 (53.2%)

Overall ease of using the injection device 102 (40.6%) 137 (54.2%) 239 (47.4%)

Frequency of injections (e.g., daily vs. weekly) 108 (43.0%) 115 (45.5%) 223 (44.2%)

Ease of bringing the injection device with you when it is necessary to

inject away from home

93 (37.1%) 97 (38.3%) 190 (37.7%)

Ease of storing the injection device and medication 88 (35.1%) 89 (35.2%) 177 (35.1%)

Ease of preparing the injection device for each injection (some

medications require extra steps for preparing the device before

injecting)

84 (33.5%) 89 (35.2%) 173 (34.3%)

Size of the needle 76 (30.3%) 84 (33.2%) 160 (31.7%)

Dose timing (some medications need to be taken with meals or at the

same time every day while other medications are more flexible)

77 (30.7%) 67 (26.5%) 144 (28.6%)

The need to refrigerate (some medications need to be kept cool and

others do not)

45 (17.9%) 60 (23.7%) 105 (20.8%)

Size of the injection device (i.e., the injection pen) 44 (17.5%) 43 (17.0%) 87 (17.3%)

Dose titration (with some medications like insulin, the dose may be

increased or decreased as needed based on your blood sugar level)

45 (17.9%) 40 (15.8%) 85 (16.9%)

Single-use vs. multi-use (some injection devices are reusable, whereas

others are used once before being disposed)

34 (13.5%) 50 (19.8%) 84 (16.7%)

Dose escalation (some medications start at a lower dose and then have

one or more increases to get to a higher dose)

46 (18.3%) 33 (13.0%) 79 (15.7%)

Handling the needle (some devices require you to attach the needle for

each injection while other devices come with a pre-attached needle)

38 (15.1%) 36 (14.2%) 74 (14.7%)

Connectivity to your phone or another electronic device (some

injection devices transmit information about your injections to an

online app)

58 (23.1%) 12 (4.7%) 70 (13.9%)

Time it takes to prepare and inject each dose of medication 31 (12.4%) 31 (12.3%) 62 (12.3%)

a Participants were responding to the following item: ‘‘When choosing an injectable treatment for T2D, you and your
doctor would consider the effectiveness and safety of the possible treatments. There are also many other factors you might
consider. Some of these characteristics of injectable treatments are listed below. Please select the five characteristics below
that are most important to you.’’ The 17 characteristics of injectable treatment listed in this table were presented as options.
Item text and bolding are shown as originally presented in the survey
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is possible that preferences for injection attri-
butes could differ between patients treated with
these two different classes of medications. In
addition, it is possible that preferences could
vary across patients treated with different types
of insulin (e.g., basal insulin vs. rapid-acting
analogues) or different types of GLP-1 receptor
agonists. Future research may examine these
preferences separately within various treatment
groups.

CONCLUSIONS

In recent years, incorporating the patient voice
into the drug and medical device development
process has been emphasized in treatment
guidelines as well as by healthcare providers,
the pharmaceutical industry, and patients
themselves [57, 74–78]. In part, this has been
driven by regulatory agencies such as the US
Food and Drug Administration advocating that
patients be included as partners and co-devel-
opers from early development through post-
marketing [77, 79, 80]. Similarly, in Europe,
greater emphasis has been placed on bringing
the patient voice into the health technology
assessment process [81]. Patient surveys, such as
the one in the current study, can be useful for
identifying and quantifying patients’ priorities
and preferences. With a better understanding of
patients’ preferences, new injection delivery
systems can be designed with features more
likely to enhance adherence and maximize
treatment benefit.
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