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Abstract
Background This study quantified how people with diabetes value the unique features of connected insulin pens and related 
mobile apps, and the underlying reasons for preferring connected versus non-connected insulin pens.
Methods A discrete choice experiment (DCE) was conducted in the USA and UK to elicit preferences of adults (≥ 18 years) 
with type 1 or 2 diabetes for attributes of insulin pens. Attributes included device type, dosing support, glucose monitoring, 
additional app features, and data sharing. Relative attribute importance (RAI) scores were calculated to capture the relative 
importance of an attribute. Predicted choice probabilities were obtained to compare different profiles for connected and 
non-connected insulin pens.
Results The DCE was completed by 540 participants (58.9% male; 90.7% Caucasian; mean age, 58.3 years; 69.4% type 2 
diabetes). Participants most valued the possibility of using a connected insulin pen with dosing support and automated dose 
logging (RAI = 39.9%), followed by automatic transfer of glucose levels (RAI = 29.0%), additional features of tracking diet 
and physical activity (RAI = 14.6%), data sharing (RAI = 13.6%), and device type (RAI = 2.9%). All profiles of connected 
insulin pens were preferred over a non-connected pen (p < 0.001), and pen profiles with advanced features were preferred 
over those without (p < 0.001). Preferences differed by age but not diabetes type, country of residence, or insulin regimen.
Conclusion People with diabetes in the USA and UK prefer connected over non-connected insulin pens due largely to the 
availability of automated logging of dose and glucose levels.

Key Points for Decision Makers 

This study of adults with diabetes in the USA and UK 
showed that most (75%) would prefer to inject insulin 
with an insulin pen connected to a mobile app, rather 
than with a non-connected insulin pen.

Most people in the study preferred connected insulin 
pens over non-connected pens because they can automat-
ically log insulin doses and record glucose levels.

A minority (9%) remained skeptical of connected insulin 
pens but could be convinced if the pens offered features 
beyond insulin dose and glucose logging, while others 
(16%) would not use any connected insulin pen.
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1 Introduction

A fundamental aim of diabetes treatment is gaining gly-
cemic control to avoid the risk of microvascular, macro-
vascular, and other complications [1]. Although insulin 
is effective for managing diabetes and therefore glycemic 
control [2, 3], insulin dosing is frequently suboptimal 
because people with diabetes miss or mistime doses or 
administer the wrong dose [4, 5]. Common reasons for 
this are forgetfulness, treatment complexity (e.g., dosing 
decisions and calculation of doses), fear of hypoglycemia, 
inadequate support, or follow-up by healthcare profession-
als, feeling overwhelmed by diabetes management, and 
interference of insulin dosing with daily activities [6–8].

Traditionally, people with diabetes have self-managed 
their disease by keeping a detailed logbook of therapeutic 
and lifestyle actions, but such records are often incomplete 
or inaccurate [9, 10]. Wearable glucose meters, mobile 
apps, and other digital solutions are increasingly used to 
aid diabetes management and these may improve clini-
cal outcomes [11–13]. Hence, more advanced technologi-
cal aids with added features, such as bolus advisors, are 
becoming available to optimise insulin delivery, improve 
adherence, and reduce dosing errors [14]. Offering dos-
ing advice via digital technologies can reduce the cogni-
tive burden and time spent managing insulin therapy [15]. 
In order to reduce disease burden, current development 
efforts have been focusing on connected insulin pens [16]. 
These devices capture insulin dose data and connect to 
proprietary or external mobile apps, allowing automatic 
data logging, data integration (e.g., hemoglobin A1c 
[HbA1c] levels, glucose levels, exercise, and lifestyle fac-
tors), and report generation.

Understanding the willingness of people with diabetes 
to switch from a non-connected to a connected insulin pen 
and the drivers of such decisions can help tailor the design 
of diabetes technologies to meet the needs of people using 
them [17, 18]. For example, a discrete choice experiment 
(DCE) can be used to elicit the effect that unique features 
of insulin pens have on the likelihood that people with dia-
betes would prefer a connected pen over a non-connected 
pen [19, 20]. Within a DCE this is achieved by repeatedly 
offering participants the choice between different hypo-
thetical alternatives (e.g., insulin pens). These alternatives 
are described by a common set of attributes (e.g., pen fea-
tures). The levels that these attributes take (e.g., availabil-
ity of a mobile app feature) is systematically varied across 
choice tasks to ensure that their independent effects on 
preferences can be identified. Studies to date have focused 
only on non-connected insulin pens and have shown that 
people with diabetes value frequency and mode of admin-
istration [21–24]. The current study quantified the relative 

importance that people with diabetes placed on different 
features of connected insulin pens and related mobile apps, 
and predicted the average likelihood of people preferring a 
connected insulin pen over a non-connected pen.

2  Materials and Methods

2.1  Study Design

A DCE was conducted between March 24 and July 4, 2021, 
to elicit preferences of adults (aged ≥ 18 years) with diabetes 
for attributes of connected insulin pens [25, 26]. Following 
best practices for preference research [25, 27], the study was 
conducted in three phases: a targeted literature review to 
identify attributes to include in the DCE, qualitative inter-
views to inform and test the final design of the DCE, and a 
main DCE.

Discrete choice experiment participants were recruited 
via nationally representative online access panels, social 
media pages, magazines, and newsletters. To be eligible, 
interested individuals had to have self-reported type 1 (T1D) 
or type 2 (T2D) diabetes, used a physician-prescribed inject-
able insulin pen for the past 6 months, be a resident of the 
USA or UK, and be able to read and speak English. Par-
ticipants with T1D had to be currently on a multiple daily 
insulin regimen (basal and bolus or bolus only) and those 
with T2D had to be currently on either a basal-only or mul-
tiple daily insulin regimen (basal and bolus, or bolus only). 
Individuals were excluded if they had ever used a connected 
insulin pen system; were currently using an insulin pump, 
a cartridge insulin pen, a reusable pen, or premix insulin; 
or were not using a smartphone at the time of screening. 
Eligibility was assessed using dedicated, pre-tested screen-
ing questions to minimize the possibility of including indi-
viduals who did not have diabetes or who were otherwise 
ineligible. Recruitment targeted participants in the USA and 
UK with quotas of 30% T1D and 70% T2D.

Eligible individuals completed an online survey (Online 
Resource 1) including a screening questionnaire, an 
informed consent form, the DCE, health literacy questions, 
and clinical and demographic questionnaires. Prior to the 
DCE, participants viewed a video, which introduced the con-
nected insulin pen systems and described the DCE attributes. 
Health literacy was assessed using a Set of Brief Screening 
Questions, which consists of three items rated on a 5-point 
scale from 0 to 4 [28].

The study was approved by Ethical and Independent 
Review Services (study number 20182-01 for the initial 
review and 20182-01A for the modified survey following 
the qualitative interviews). Each participant consented to 
participate in the study and was remunerated for their time 
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upon completion of either a 90-min qualitative interview or 
a 30-min online survey.

2.2  Targeted Literature Review

To inform an initial set of attributes for inclusion in the 
DCE, a literature search was conducted from June 23 to 
29, 2020. Two separate search strategies were executed in 
Ovid to identify quantitative and qualitative studies on digi-
tal technologies for diabetes insulin therapy. Five candidate 
attributes of connected insulin pens (device type, dosing 
support, glucose monitoring, additional app features, and 
data sharing) were identified as being potentially relevant 
to patients with diabetes (see Online Resource 2 for details).

2.3  Qualitative Interviews

Based on the findings of the targeted literature review, an ini-
tial questionnaire including DCE choice tasks was developed 
and tested through telephone interviews (n = 6 with T1D 
[n = 3 USA, n = 3 UK]; n = 14 with T2D [n = 7 USA, n = 7 
UK]) during which participants and interviewers viewed 
synchronized questionnaire content online. Objectives of 
the interviews were: (i) to understand patients’ perspectives 
on unique features of connected insulin pens; (ii) to assess 
if the candidate DCE attributes were relevant, tradeable, and 
understandable; and (iii) to test the adequacy of the attribute 
levels included in the DCE. To ensure that participant input 
could be adequately reflected, interviews were conducted in 
two rounds during which the interview guide, survey, and 
DCE were iteratively updated. Data (a transcribed dialogue) 
were analyzed with ATLAS.ti version 8 (ATLAS.ti Scien-
tific Software Development GmbH, Berlin, Germany) using 
a mixture of inductive “bottom-up” and deductive “top-
down” approaches. The outcomes of the qualitative analysis 
from the qualitative interviews were summarized visually in 
a conceptual map showing the themes and subthemes that 
participants discussed (Online Resources 3 and 4) and were 
used to refine the DCE choice task format, update wording 
of attributes, levels, and other aspects of the questionnaire, 
and further clarify attribute levels and device descriptions.

Interviews were conducted by two experienced qualitative 
researchers, lasted approximately 90 min, and consisted of 
warm-up background questions, a vignette study (Round 1 
only), think-aloud interviews, and a closing discussion dur-
ing which participants could provide open feedback. Dur-
ing the vignette study, participants were shown vignettes 
and were asked to answer scripted questions read by the 
interviewer. The first vignette introduced two types of con-
nected insulin pens (Smart Button and SmartPen) that would 
be able to send dosing information to a mobile app. Smart 
Button was described as a Bluetooth-enabled cap that can 
be attached to a disposable insulin pen, and SmartPen was 

described as a Bluetooth transmitter that is integrated into 
a disposable insulin pen. The vignette explained that once 
all insulin in the pen is used or out-of-date, the Smart But-
ton would be removed and attached to a new pen, whereas 
the Smart Pen would be disposed of. After being given 
the chance to read the first vignette, participants answered 
several questions and discussed the pros and cons of the 
described pens. The second vignette focused on the mobile 
app and explained that such an app could automatically 
receive and summarize blood sugar readings as a figure or 
graph. After being given the chance to review the second 
vignette, participants answered a series of questions about 
advantages and disadvantages of automated blood sugar 
recording and discussed potential features they would like 
to see in a mobile app. During the think-aloud interviews, 
participants completed the online survey, provided feedback, 
and were observed by interviewers.

2.4  Video Development

A video introduced the connected insulin pen systems and 
described the DCE attributes. The connected insulin pen 
in the video was an unbranded demonstration device, and 
screenshots from a test app were used as illustrative exam-
ples of app features and feature combinations. The video 
was developed following the first round of qualitative inter-
views (n = 7) and tested in the second round of interviews 
(n = 13). The video lasted 3 min and 17 s, and a USA and 
UK version was developed.

2.5  DCE Design

The final set of attributes and the corresponding levels are 
shown in Table 1. A D-efficient DCE design [29] was gen-
erated in Ngene version 1.2.1 (ChoiceMetrics Sydney, Aus-
tralia). The design generated 36 choice tasks that were split 
into three blocks of equal size. Each survey participant was 
randomly assigned one block of 12 choice tasks. Each choice 
task asked participants to choose between a non-connected 
insulin pen (“opt out”) and two hypothetical connected 
insulin pens and their corresponding mobile apps. Each pen 
option was described by distinct levels of each attribute. The 
order of the “additional features” and “data sharing” attrib-
utes was randomized between participants to avoid ordering 
effects [30, 31]. An example choice task is shown in Fig. 1. 
The online survey did not allow for questions to be skipped, 
and only completed surveys were recorded.

2.6  Internal Validity Assessment

A first practice choice task was given prior to the 12 experi-
mental choice tasks to familiarize participants with a DCE 
format of subsequent choice tasks, and two tasks for testing 
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the internal validity of responses were added following the 
12 experimental choice tasks [32]. The two validity tests 
followed by the DCE choice tasks were a repeated ques-
tion of choice task 6 as task 14 to test choice stability and 
a dominance question in which one of the two connected 
insulin pens was clearly inferior for all attributes to test 
monotonicity of preferences and participants’ level of 
engagement with the choice tasks. Participants were con-
sidered to have failed the dominance test if they chose the 
inferior connected insulin pen. Participants were considered 
to have failed the repeated choice task if their responses to 
the repeated task differed. Further, participants were consid-
ered to avoid trade-offs if their choices in all 12 experimental 

tasks appeared to be driven by only a single attribute. Serial 
responders were defined as participants who chose the same 
connected pen option in all 12 experimental choice tasks. 
Following convention in the DCE literature, participants 
were not excluded on the basis of failing internal validity 
tests to avoid introducing selection bias [27].

2.7  Statistical Analysis

Only the 12 experimental choice tasks were used for the 
analysis of the DCE data. R version 4.0.2 was used for data 
management and analyses. All statistical tests were two-
sided and used a significance level of 0.05. Comparison of 

Table 1  Attributes and levels

a Reference level

Attribute Levels Description

Device SmartPen (integrated in pen)a The SmartPen is a disposable insulin pen with an integrated  Bluetooth® transmit-
ter that pairs to an app without the need of an external cap. Once paired, the 
SmartPen can then automatically transfer data to the app. Once all insulin in the 
pen is used, or is out of date, the pen will be disposed of and the user pairs their 
new SmartPen to the app

Smart Button (attached to pen) The Smart Button is a  Bluetooth®-enabled cap that can be attached to certain 
disposable insulin pens. Once the Smart Button is paired to a mobile app, the 
 Bluetooth® transmitter can automatically transfer data to the app. In cases where 
multiple insulin pens are used, the Smart Button can be used across both basal 
and bolus/mealtime insulin pens. Once all insulin in the pen is used or out of 
date, the Smart Button will be removed and attached to a new pen without the 
need to be re-paired to the app. The Smart Button can last for at least one year 
before needing to be replaced

Glucose monitoring Not  availablea The app to which the SmartPen or Smart Button can connect may also be able to 
record blood sugar values. If this feature is available, the app may require the 
blood sugar data to be entered manually after taking a measurement or receive 
data automatically from a  Bluetooth®-enabled glucose monitoring system (e.g., 
blood glucose meter, continuous glucose monitor, and/or flash glucose monitor). 
These blood sugar entries can then be integrated into the dosing logbook where 
the information can be presented as figures and charts. Additionally, reminders 
may be set to remind users to test their blood sugar. If glucose reading is not 
available in the app, a paper diary (UK)/paper logbook (USA) or a separate app 
that cannot receive data from the SmartPen or Smart Button may be used.

Manual entry of glucose level
Automatic transfer of glucose level

Insulin dosing support Automated dosing  loga The app to which the SmartPen or Smart Button can connect automatically 
records the date, time, and amount of insulin that was injected. The app may 
present this information as a table or visualize the data using figures and charts. 
There may also be an option to receive a dose recommendation based on a 
standard algorithm provided by your main healthcare professional and an option 
for users to set reminders to dose insulin and/or monitor blood sugar

+ Visualization of dosing data
+ Dose advice

Additional features Not  availablea The app to which the SmartPen or Smart Button can connect may also be able to 
track physical activities or food intake. Physical activity tracker may record step-
counts and/or distances. Dietary tracker may include carbohydrate or caloric 
counts, mealtimes, type of food or beverage intake and/or weight change. If 
food and/or physical activity trackers are not available, separate apps that cannot 
receive data from the SmartPen or Smart Button may be used

Dietary tracker
Physical activity tracker
Dietary and physical activity tracker

Data sharing Not  availablea The app to which the SmartPen or Smart Button can connect may be able to share 
the data (e.g., with family, caregivers, healthcare professionals) using a built-in 
feature and/or the ability to download the summary as a pdf and the user can 
email it or grant real-time access to selected individuals. Real-time access can 
be cancelled at any time. If data sharing is not available, the data may be copied 
manually by typing into another app (e.g., email) or by taking a screenshot

Send summary report by email
Grant access to app data
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statistical performance across models was based on Bayesian 
Information Criterion and the adjusted McFadden R2.

A random constant logit (RCL) model was developed 
and estimated within a random utility maximization frame-
work [33–36]. This model extended classical multinomial 
logit models for choice data to account for heterogeneity 
in participants’ tendency to opt into a connected pen [37]. 
The model assumed that the T1D and T2D populations are 
made up of separate groups of people who attach a different 
value (i.e., utility) to using a non-connected pen compared 
to a connected pen. Smaller utility associated with a non-
connected pen indicated greater desirability of a connected 
pen. This opt-out behavior was represented by a finite mix-
ture of utility values associated with the non-connected pen, 
making the RCL a specific case of latent class analysis [38]. 
The final model specification was selected by estimating the 
RCL with varying assumptions about the number of groups 
in the population and choosing the model with the lowest 
Bayesian information criterion.

Relative attribute importance (RAI) scores were cal-
culated to measure the maximum percentage contribution 
of an attribute to a preference relative to all other attrib-
utes and their levels. Because the automated dosing log 
was always offered as a default dosing support feature of 

connected insulin pens, which was to ensure the plausibil-
ity of profiles presented in the DCE, the RAI calculation 
for this feature had to be adjusted. To capture how partici-
pants valued an automated dosing log as part of the “dos-
ing support” attribute, the negative average utility (i.e., 
the estimated constant) associated with a non-connected 
pen was added to the relative importance associated with 
dosing log visualization and dose recommendations.

Subgroup-specific RAI scores were obtained based 
on age (18–44/45–64/≥ 65 years), diabetes type (T1D/
T2D), country of residence (USA/UK), and insulin regi-
men (bolus only/basal only/basal + bolus). Likelihood 
ratio tests were used to test if accounting for subgroups 
improved the ability of the RCL to explain choices made 
in the DCE.

Predicted choice probabilities (PCPs) were obtained 
to determine likely treatment preferences for “minimal”, 
“basic”, “extended”, and “advanced” profiles for both 
types of connected insulin pens to a non-connected insu-
lin pen (Online Resource 5). Predicted choice probabili-
ties were computed in a competitive setting that assumed 
participants could choose between different pen profiles.

Further details about the analysis and analysis outputs 
are provided in Online Resource 2.

Fig. 1  Example choice task
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3  Results

3.1  Participants

The survey was completed by 540 people with diabe-
tes (n = 336 from USA and 204 from UK). The sample 

size aligns with other DCEs published in the literature, 
with most studies including between 100 and 600 par-
ticipants [39]. Slightly more males (58.9%) than females 
with diabetes participated in the study, and 90.7% of par-
ticipants were Caucasian (Table 2). The mean age was 
58.3 years, and 74.6% had attained at least some level of 

Table 2  Participant 
characteristics

HbA1c hemoglobin A1c, T1D type 1 diabetes, T2D type 2 diabetes
a Responses were not mutually exclusive
b Recruitment targeted 60% USA and 40% UK
c Recruitment targeted a 30% to 70% ratio between type 1 and type 2 diabetes
d Recruitment targeted among T2D, 50% basal only vs. 50% basal + bolus or bolus only. In addition to 
basal, bolus, and basal-bolus insulin, insulin-GLP-1 only: overall, n=10 (UK, n=8; USA, n=2), bolus + 
insulin-GLP-1: overall, n=2 (USA, n=2), basal + insulin-GLP-1: overall, n=4 (UK, n=4), basal + bolus + 
insulin-GLP-1: overall, n=4 (UK, n=2; USA, n=2), basal + inhaled insulin: overall, n=1 (UK, n=1), basal 
+ bolus + inhaled, n=1 (USA, n=1)

Characteristic Overall USA UK
(N = 540) (N = 336) (N = 204)

Age (years), mean (standard deviation) 58.3 (13.6) 60.1 (13.2) 55.4 (13.7)
Male, n (%) 318 (58.9) 192 (57.1) 126 (61.8)
Racial background, n (%)a, b

  Caucasian 490 (90.7) 295 (87.8) 195 (95.6)
  Black or African American (USA) or Black/

African/Caribbean/Black British (UK)
25 (4.6) 19 (5.7) 6 (2.9)

  Asian (USA) or Asian/Asian-British (UK) 13 (2.4) 9 (2.7) 4 (2.0)
  Hispanic or Latino (USA) 21 (3.9) 21 (6.2) 0 (0.0)

Highest education attained, n (%)
  Some college/university 139 (25.7) 106 (31.5) 33 (16.2) 
  Undergraduate degree 162 (30.0) 108 (32.1) 54 (26.5) 
  Graduate degree 83 (15.4) 57 (17.0) 26 (12.7) 
  Doctoral degree 19 (3.5) 15 (4.5) 4 (2.0) 

Health literacy, n (%)
  Inadequate 48 (8.9) 18 (5.4) 30 (14.7)
  Adequate 492 (91.1) 318 (94.6) 174 (85.3)

Diabetes type, n (%)c

  T1D 165 (30.6) 83 (24.7) 82 (40.2)
  T2D 375 (69.4) 253 (75.3) 122 (59.8)

Most recent HbA1c level, n (%)
  ≤ 7% 165 (30.6) 133 (39.6) 32 (15.7)
  7.1–8.0% 174 (32.2) 107 (31.8) 67 (32.8)
  8.1–9.0% 83 (15.4) 49 (14.6) 34 (16.7)
  > 9.0% 56 (10.4) 36 (10.7) 20 (9.8)
  Do not know/do not recall 62 (11.5) 11 (3.3) 51 (25.0)

Current insulin type, n (%)d

  Mealtime (bolus) only 50 (9.3) 11 (3.3) 39 (19.1)
  Long-acting (basal) only 185 (34.3) 128 (38.1) 57 (27.9)
  Basal-bolus 288 (53.3) 193 (57.4) 95 (46.6)

Current method of recording insulin  dosinga

  Paper logbook 119 (22.0%) 66 (19.6%) 53 (26.0%)
  Spreadsheet on computer 46 (8.5%) 28 (8.3%) 18 (8.8%)
  Smartphone app 67 (12.4%) 29 (8.6%) 38 (18.6%)
  Not at all 257 (47.6%) 178 (53.0%) 79 (38.7%)
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college education. Most participants had T2D (69.4%), and 
approximately two-thirds (58.0%) reported that their most 
recent HbA1c level was > 7.0%. Basal-bolus insulin was 
used by 53.3% of participants, basal only by 34.3%, and 
bolus only by 9.3%. Nearly half of participants (47.6%) 
reported not recording their insulin dosing. Health literacy 
was considered adequate for 91.1% of participants. Par-
ticipant characteristics were similar in the USA and UK.

3.2  Experience Using an App for Diabetes

Less than one-third of participants indicated they had experi-
ence with using an app for diabetes (28.1%), while 53.0% of 
participants indicated they had not used an app for diabetes 
but were willing to try one (Table 3). Among those who had 
used an app for diabetes, the most commonly reported uses 
were to track blood sugar (25.2%), share data with healthcare 
professionals (14.4%), and track the insulin dose (11.1%). 
Most participants stated that they would share app data with 
healthcare professionals (88.0%), but 9.6% stated they would 
not share app data because they were concerned about data 
privacy, and 4.3% stated that they would rather communicate 
verbally. Results were similar in each country.

3.3  Overall Preferences for Attributes of Insulin 
Pens

Comparable to other DCEs [32], 77.6% of participants 
passed the stability test and 87.4% passed the dominance 
test. A connected insulin pen was chosen over a non-con-
nected pen in 80.3% of DCE tasks. The estimated model 

(Online Resource 6) was able to explain the choices that 
the participants made (adjusted McFadden R2 = 0.390) and 
identified three opt-in behaviors: technology supporters 
(74.9%; n = 405), who always chose a connected insulin 
pen; technology skeptics (8.8%; n = 47), who only chose 
very competitive connected insulin pens (i.e., pens that 
include many desirable features); and technology opponents 
(16.3%; n = 88), who never chose a connected insulin pen.

All attributes significantly affected participants’ valu-
ations of and preferences for an insulin pen. Specifically, 
visual presentation of automatically logged dose information 
and dosing advice; app features that allowed people with 
diabetes to record blood sugar levels manually or automati-
cally; app features that allowed tracking physical activities, 
food intake, or both; and a feature that allowed sharing data 
with family, caregivers, and healthcare professionals all 
increased the likelihood of a connected pen being preferred 
over alternatives. Although participants valued the ability 
to share data, they were indifferent about how it was shared. 
On average, participants preferred a Smart Button (attached 
to pen) over a SmartPen (integrated within pen).

Of the different attributes, participants most valued the 
possibility of using a connected insulin pen with dosing sup-
port and automated dose logging (RAI = 39.9% [95% CI 
26.6–53.3%]), followed by the automatic transfer of glucose 
levels (RAI = 29.0% [95% CI 22.4–35.7%]), additional fea-
tures of tracking diet and physical activity (RAI = 14.6% 
[95% CI 10.9–18.3%]), data sharing (RAI = 13.6% [95% 
CI 10.3–17.0%]), and device type (RAI = 2.9% [95% CI 
2.3–3.4%)] (Fig. 2). Based on this, automated dose log-
ging combined with insulin dosing support and glucose 

Table 3  Experience using an 
app for diabetes

a Responses were not mutually exclusive

Characteristic Overall USA UK
(N = 540) (N = 336) (N = 204)

Previous use of an app for diabetes, n (%)
  Currently using one app 106 (19.6) 61 (18.2) 45 (22.1)
  Currently using more than one app 15 (2.8) 6 (1.8) 9 (4.4)
  Not using anymore 31 (5.7) 20 (6.0) 11 (5.4)
  Not used any, but willing to try 286 (53.0) 179 (53.3) 107 (52.5)
  Not used any, and not willing to try 102 (18.9) 70 (20.8) 32 (15.7)

Diabetes app functions, n (%)a

  Blood sugar tracking 136 (25.2) 77 (22.9) 59 (28.9)
  Insulin dose tracking 60 (11.1) 26 (7.7) 34 (16.7)
  Data sharing with healthcare provider 78 (14.4) 43 (12.8) 35 (17.2)

Potential recipients of data sharing, n (%)a

  Healthcare professional 475 (88.0) 301 (89.6) 174 (85.3)
  I would not share my data 52 (9.6) 28 (8.3) 24 (11.8)

Reasons for not sharing data, n (%)a

  Concern about data privacy 28 (5.2) 19 (5.7) 9 (4.4)
  Prefer sharing manually/verbally 23 (4.3) 10 (3.0) 13 (6.4)
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monitoring (RAI = 69.0% [95% CI 61.7–76.2%) was 2.2 
times more important to participants than all remaining 
attributes combined (RAI = 31.0% [95% CI 23.8–38.3%]). 
Similarly, glucose monitoring within the app of the con-
nected insulin pen was approximately as important as the 
other two non-dosing–related support features together 
(RAI = 28.2% [95% CI 21.5–34.9%]).

3.4  Comparison of Pen Profiles

All profiles of connected insulin pens were preferred (p < 
0.001) over a non-connected pen (Fig. 3). In all cases, con-
nected insulin pens with more advanced app features (e.g., 
dosing visualization + dosing advice) were preferred over 
connected insulin pens with fewer or no app features (p < 
0.001). A Smart Button with advanced features had the 
highest likelihood of being preferred (PCP = 23.5% [95% 

CI 22.5–24.5%]) and was preferred over a SmartPen with 
identical features (PCP = 21.3% [95% CI 20.4–22.2%]; p < 
0.001), and for both pen types, advanced pen profiles were 
preferred over extended profiles.

3.5  Differences in Preferences between Participant 
Subgroups

A likelihood ratio test suggested that preferences differed by 
age (Fig. 4) but not by diabetes type, country of residence, 
or insulin regimens (Online Resource 7). For example, the 
availability of physical activity or dietary trackers (addi-
tional features) was valued more by participants aged 18–44 
years (RAI = 22.7% [95% CI 17.0–28.3%]) than by those 
aged 45–64 years (RAI = 15.0% [95% CI 10.5–19.5%]; p 
< 0.05) or those aged ≥ 65 years (RAI = 10.6% [95% CI 
6.1–15.1%]; p < 0.01). Conversely, glucose monitoring (all 

Fig. 2  Relative attribute impor-
tance (RAI)

Fig. 3  Predicted choice prob-
ability (PCPs). CI confidence 
interval
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types) was valued less by participants aged 45–64 years 
(RAI = 26.0% [95% CI 21.4–30.7%]) than by those aged ≥ 
65 years (RAI = 34.0% [95% CI 28.0–39.2%]; p < 0.01) but 
more than by those aged 18–44 years (RAI = 25.6% [95% 
CI 20.3–30.8%]; p < 0.01).

4  Discussion

To date, quantitative studies on preferences for insulin pens 
have focused on non-connected devices [21–24]. This study 
demonstrated that many people with diabetes prefer a con-
nected insulin pen over a non-connected pen, irrespective of 
treatment profiles and configurations (e.g., device type). This 
is highlighted by the finding that approximately two-thirds 
of participants agreed or strongly agreed with statements 
that connected insulin pen systems offer improved diabetes 
management and simpler dose tracking over conventional 
paper logbooks, in agreement with other studies suggest-
ing that connected insulin pens can increase confidence in 
diabetes self-management [40]. Despite this strong support 
for connected insulin pens, however, about one-sixth of 
participants were reluctant or even averse to switching to a 
connected insulin pen and preferred a non-connected pen. 
Observations of similar preference patterns have previously 
informed behavioral models of technology adaptation [41].

The main drivers for preferring a connected over a non-
connected insulin pen were features related to automated 
insulin dose recording and other dosing support, such as 
dose history visualization, and the possibility of having 
glucose monitoring. Being able to track diet and physical 
activity and to share data were less valued but still con-
sidered important. Similarly, surveys of preferences for 
diabetes self-management mobile apps have shown that 
people with diabetes highly value being able to track blood 

glucose, exercise, and diet; receiving assistance with dose 
calculation; being able to consolidate data across peripheral 
health devices; and receiving reminders and other assistance 
to reduce the burden of diabetes self-management [42–45]. 
Although these preferences were similar between the two 
included countries (USA and UK), they differed by age: the 
importance of glucose monitoring increased with age, while 
the importance of additional features such as dietary and 
physical activity trackers decreased with age. Finally, the 
specific device type allowing connection to a mobile app 
was a minor driver of preferences, although, on average, a 
Smart Button was preferred over a SmartPen.

The results of this study suggest that people with diabetes 
highly value the support that connected insulin pen technolo-
gies offer by integrating data on dosing and data collected 
from glucose monitors [16]. In line with this, another study 
reported reduced HbA1c levels in people with diabetes using 
an insulin SmartPen connected via  Bluetooth® to a mobile 
app [46]. Other studies have shown fewer missed doses and 
improved glucose control in people with diabetes using con-
nected insulin pens [47, 48].

This study benefitted from a best-practice mixed methods 
design [49–51], wherein a targeted literature search was used 
to select attributes and levels for the DCE, after which the 
DCE was tested and refined in two rounds of qualitative 
interviews and then finally used in a main study [49]. In 
addition, efforts were made to ensure the DCE was clear 
and accessible. For example, a short video was included to 
illustrate connected insulin pens and help participants dis-
tinguish between attribute levels [52, 53]. This study also 
benefitted from an analysis method that accounted for dif-
ferences in opt-in behaviors among the participants, which 
is important for placing decisions in a real-life context [37]. 
A limitation, however, was that because this was an online 
study, participants did not have the opportunity to physically 

Fig. 4  Relative attribute impor-
tance (RAI) by age group. CI 
confidence interval
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experience and use the connected insulin pens, which may 
have influenced their preferences. Another limitation of this 
study was that the participants were identified through a con-
venience sample drawn from an opt-in panel of adults in the 
USA and UK who volunteered to participate in healthcare 
research and who self-reported T1D or T2D with a set quota 
of basal-bolus and basal only use. The study sample was pre-
dominantly (<90%) Caucasian and most participants were 
well-educated, with approximately 75% having attained at 
least some college education. A further limitation is that the 
study excluded patients who had current or prior experience 
with connected insulin pens. While excluding experienced 
patients was important to maintain this study’s focus on 
assessing attributes that would be valued in patients naïve 
to connected insulin pens, these patient populations may 
differ. Although screening questions should have excluded 
individuals who did not have diabetes, and although efforts 
were made to include participants with both diabetes types, 
different dosing types, and a sufficient number of non-Cau-
casian participants, the generalizability of the results to the 
wider population of people with diabetes remains uncertain.

5  Conclusions

This quantitative study showed that most people with diabe-
tes in the USA and UK preferred connected over non-con-
nected insulin pens. This was due largely to the availability 
of automated logging of dose from the pen and also app fea-
tures such as automatic logging of glucose levels, although 
people with diabetes also valued being able to track diet and 
physical activity and to share data. Notably, even though 
the majority of participants were not currently using mobile 
apps for tracking their diabetes, they would be willing to try.
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