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Abstract Background and aims: The first hybrid artificial pancreas (AP) systems with insulin
only (mono-hormonal) have recently reached the market while next generations systems are un-
der development including those with glucagon addition (bi-hormonal). Understanding the ex-
pectations and impressions of future potential users about AP systems is important for optimal
use of this clinically effective emerging technology.
Methods and results: An online survey about AP systems which consisted of 50 questions was ad-
dressed to people with type 1 diabetes in the province of Quebec, Canada. Surveys were
completed by 123 respondents with type 1 diabetes (54% women, mean (SD) age 40.2 (14.4)
y.o., diabetes duration 23.7 (14.1) years, 58% insulin pump users and 43% glucose sensor users).
Of the respondents, 91% understood how AP systems work, 79% trusted themwith correct insulin
dosing, 73% were willing to replace their current treatment with AP and 80% expected improve-
ment in quality of life. Anxiety about letting an algorithm control their glucose levels was ex-
pressed by 18% while the option of ignoring or modifying AP instructions was favoured by
88%. As for bi-hormonal AP systems, 83% of respondents thought they would be useful to further
reduce hypoglycemic risks.
Conclusions: Overall, respondents expressed positive views about AP systems use and high ex-
pectations for a better quality of life, glycemic control and hypoglycemia reduction. Data from
this survey could be useful to health care professionals and developers of AP systems.
ª 2020 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Ital-
ian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
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Introduction

In their attempt to achieve optimal glycemic control,
people living with type 1 diabetes face various challenges
that impact their health and psychosocial well-being.
Technological advances such as continuous glucose
monitoring (CGM) and continuous subcutaneous insulin
infusion (CSII) have come a long way in offering new op-
tions for diabetes management and improving glucose
control [1,2]. However, for technological advancements to
be labelled as successful, they must be well received by
people with type 1 diabetes and effectively mitigate their
daily diabetes burden. More recently, closed-loop insulin
delivery, also known as artificial pancreas (AP), has wit-
nessed a rapid progress [3e5]. AP systems combine CGM,
CSII, and a smart dosing algorithm [5]. Interstitial CGM
readings are continuously communicated to the algorithm,
dictating dynamic changes in hormonal infusion to mini-
mize hypo- and hyperglycemia [5].

The first AP systems have been recently commercialized
in several countries. These systems are mono-hormonal
(insulin only) and hybrid, meaning that they still require
some interventions from users to announce meals and
physical activities [6]. Bi-hormonal systems, which inte-
grate glucagon in addition to insulin, aim to further reduce
the risk of hypoglycemic events and/or allow targeting
lower mean blood glucose levels compared to mono-
hormonal systems but are not yet commercially available
[4,7e9]. The eventual aim for both systems is to
completely close the loop and minimally reduce the need
for user input. Nonetheless, the clinical benefits of current
mono- and bi-hormonal AP systems in improving time
spent with glucose levels in target ranges and in
decreasing hypoglycemia risks have been demonstrated
mostly in short-term clinical trials [3,10].

In addition to establishing the clinical effectiveness of
AP systems, assessing users’ expectations and perceptions
can support the optimal development of these systems.
Some AP system trials assessed the experience and
collected feedback from participants through follow-up
surveys [1,11e15]. But most of the trials were conducted
under controlled settings; therefore, user feedback could
have been influenced by the specific design and condi-
tions of these trials. On the other hand, studies with de-
signs based on surveys that examine perceptions and
expectations exclusively of potential adult AP users are
less numerous [16,17]. Additional survey studies are
important to clarify what future users expect from AP
systems. More knowledge about impressions and expec-
tations of people with type 1 diabetes could help health
care professionals better prepare their patients for the
adoption of AP systems. Equally, researchers and com-
panies would benefit from such information when
developing AP systems and planning more advanced
features in the future. The following survey study there-
fore sought to answer the following research question:
what are the expectations and perceptions of adults with
type 1 diabetes regarding future AP systems use?
Accordingly, the objective of this survey study was to
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explore this question from the perspectives of potential
future users of AP systems.

Methods

Participants and recruitment

The Survey Monkey� platformwas used to create an online
survey about AP systems. Inclusion criteria included adults
(18 year or older) with type 1 diabetes living in Quebec,
Canada using multiple daily insulin injections (MDI) or CSII
with or without CGM. People with type 1 diabetes were
invited to participate in the online survey through adver-
tisement on the Facebook pages of Diabète Québec and the
Juvenile Diabetes Research Foundation (JDRF) as well as
through the Diabetes Clinic Database at the Montreal
Clinical Research Institute, as previously described [18]. The
study was approved by the Ethics Committee at the Mon-
treal Institute of Clinical Research. All participants had to
consent online through the Survey Monkey� platform
before being directed to the survey to be filled.

Survey organization and content

The survey was designed and enriched through an inter-
disciplinary collaboration between clinicians, bioethicists,
and an engineer, who were either researchers or trainees.
They were respectively specialized in clinical management
and technology use in type 1 diabetes, conducting quanti-
tative and qualitative studies among health care system
users, and hybrid closed-loop system algorithms. Team
members,whowere independent from this project, had also
provided their feedback on the clarity of the questions and
suggested some final minor edits. The structure was based
on the models of previously published surveys by the team
[18e20]. The survey, which was written in French, began
with an introductory section with an image explaining the
components of a hybrid AP system and later introduced the
dual-hormone artificial pancreas. A total of 50 questions
were either formattedwithmultiple choices, Likert scales (5
answers ranging from strongly agree to strongly disagree
plus an additional answer of “I don’t know”) or required
short open answers. The questions were organized under
the following themes: participant information, diabetes
management, equipment and alarms, diabetesmanagement
with the artificial pancreas, issues associated with the use of
an artificial pancreas, and general questions about the dual-
hormone artificial pancreas after a brief description. An
English translation of the survey is provided as
supplementary material to this article. Issues associated
with artificial pancreas use were based on the results of a
literature review conducted by Quintal et al. (2019) [21].

Outcomes, comparisons and statistical analysis

The primary aim was to report the descriptive outcomes
based on participants’ answers. Outcomes were presented
as numbers and percentages or means (SD). No sample
size calculation was possible for this primary aim. As
s of adults with type 1 diabetes for the use of artificial pancreas
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Survey on artificial pancreas systems 3
secondary aims, we examined possible associations be-
tween the characteristics of respondents and their expec-
tations or opinions about AP systems. For each association
test, the null hypothesis was that there was no association
between the variables in question. For associations be-
tween two variables Pearson’s chi-squared test was
applied, (e.g., to examine the association between current
insulin therapy (CSII or MDI) and willingness to wear AP
components (agree vs. not agree) as 2*2 contingency table.
Binary logistic regression models were also applied to
examine the impact of certain factors on participants’
impressions about AP systems use, the results of which
were presented as Odds Ratio (OR (95% confidence inter-
val); p value). The basic model used included age, sex,
diabetes duration, education level, CGM use and CSII use as
independent variables. Additional independent variables
were in certain instances integrated into the basic model if
they could explain the participants’ responses. Hosmer and
Lemshow test was applied to test for models’ fitness. Data
analysis was carried out using SPSS software (version 25).
A p value < 5% was chosen as a statistically significant
threshold.
Results

Completed surveys were submitted online by 136 partici-
pants. Three surveys were excluded from analysis because
they belonged to participants who had type 2 diabetes
(one) or who were younger than 18 years old (two). Ten
Figure 1 Participants’ current sta
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surveys were excluded because they were filled twice by 5
participants. Thus, data was reported and analysed for 123
adequately filled surveys. Given that the survey was only
distributed online, it was neither possible to track the total
number of participants who saw the announcement but
declined to fill the survey nor to identify their reasons for
not participating.

Participants’ characteristics and challenges in diabetes
management

The 123 participants (54% women) had a mean (SD) age of
40.2 (14.4) years old, have had their diabetes for 23.7 (14.1)
years and 81% of them had at least a collegial level of
education (58% at university level, 23% collegial level, 17%
high school level, 3% primary or other). The last glycated
haemoglobin (HbA1c) was reported to be � 7% (53 mmol/
mol) by 37% of the participants, 7e8% (53e64 mmol/mol)
by 34%, above 8% (64 mmol/mol) by 19% and was unknown
by 10%. CSII and MDI were used by 58% and 42% of the
participants, respectively. CGM was utilized permanently
or occasionally by 43% of the participants and 37% were
concomitant users of CSII and CGM (Fig. 1). The most
challenging situations for glucose control are presented in
Fig. 2 and anxiety levels about glucose control in Table 1.

Expectations about AP system use

In the following sections, the combined percentages of
participants who responded with “strongly agree” or
tus of diabetes management.

s of adults with type 1 diabetes for the use of artificial pancreas
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Figure 2 Impressions about AP components use.

Table 1 Satisfaction and anxiety with diabetes management.

Strongly agree Agree Neutral Disagree Strongly disagree Don’t know

Satisfaction with glucose control %
Overall control 15 42 18 21 4 0
Around meals 7 48 11 27 6 1
Around exercise 9 31 26 23 10 2
Nighttime 14 43 21 17 4 1
Anxiety about %
Hypoglycemia 32 25 14 19 10 0
Hyperglycemia 32 37 14 12 6 0

4 N. Taleb et al.
“agree” are specified, while detailed distributions of other
responses such as “neutral”, “disagree”, “strongly disagree”
or “I don’t know” can be consulted in Table 2.

Managing diabetes with AP systems

Of the total respondents, 91% understood how AP sys-
tems work, 79% trusted AP systems with correct insulin
dosing, 73% were willing to replace their current treat-
ment with an AP system, 68% declared that physical ac-
tivity would be facilitated by AP systems and 43%
anticipated modifications in the way they plan their
meals during AP system use. After accounting for age,
sex, education level, CSII use, CGM use and diabetes
duration, the following associations were significant. 1)
Better odds for understanding AP functioning were found
Table 2 Management issues and psychosocial issues related to pancreas

Strongly ag

Managing diabetes with AP %
Understand how AP functions 47
Trust AP with insulin dosing 35
Prefer AP over current therapy 41
AP would help during physical activity 39
AP might have an effect on meal planification 20
Psychosocial aspects of AP use %
Better quality of life with AP than current treatment 58
Have the ability to ignore or adjust AP recommendations 43
Anxious about letting AP control your glycemia 4
Anxious about letting AP collect your own data 2
AP might have an impact of who you are 11
AP might affect your body image 7
Close relatives will react positively to AP 53
Particularities of bi-hormonal AP in comparison to mono-hormonal
Better glycemic control 38
Better quality of life 32
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for CSII users (OR (95% CI); 12.2 (1.2e119.9); p Z 0.03). 2)
Better odds for trusting the algorithm with correct in-
sulin dosing were found in males (3.4 (1.1e10.1;
p Z 0.03). 3) Regarding willingness to replace current
treatment modality with an AP system, additional vari-
ables were accounted for, notably AP function under-
standing, AP trusting with insulin dosing, hypoglycemia
anxiety, hyperglycemia anxiety, the overall satisfaction
with glucose control and the perceived effect on quality
of life. Of these factors, willingness to shift to an AP
system was positively associated with expecting
improvement in quality of life (10.9 (3.0e39.7);
p < 0.001), with trusting AP systems with insulin dosing
(3.6 (1.0e12.6); p Z 0.047), and was negatively associ-
ated with the overall satisfaction over their current
glucose control (0.2 (0.07e0.9); p Z 0.04).
features and use.

ree Agree Neutral Disagree Strongly disagree Don’t know

44 6 1 1 2
44 15 4 0 2
32 13 7 1 7
29 15 5 1 11
23 27 17 5 8

22 11 2 0 7
45 10 0 2 2
14 28 43 7 4
2 11 42 42 0
15 25 21 25 3
27 16 25 23 2
32 7 2 0 7

40 15 1 1 5
35 23 2 2 5
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Survey on artificial pancreas systems 5
Impressions about AP components use

Openness to wearing all three AP system components
(Fig. 2) was more frequent in CSII vs. MDI users (87% vs.
73%; p Z 0.04), and in CGM users vs. non-users (92% vs.
74%; p Z 0.009). Calibrating the CGM with capillary values
was not perceived as a problem by 75% of participants;
more so for CGM users vs. non-users (86% vs. 67%,
p Z 0.03), no significant difference was perceived by those
using CSII vs. MDI (77% vs. 71%; pZ 0.1). When accounting
simultaneously for age, sex, education level, current CSII
and CGM use, none of these factors was significantly
associated with the readiness to wear all AP components
or to calibrate CGM. The acceptance of alarm use is pre-
sented in Fig. 2.

Psychosocial aspects related to AP system use

Of the total participants, 80% would expect an improve-
ment in their quality of life with an AP system. To further
examine the factors that could modulate quality of life
expectation, the basic regression model was applied with
the addition of anxiety about hypo- or hyperglycemia and
satisfaction with overall glucose control as covariables.
Those who were satisfied with their overall glucose control
were at lower odds of expecting improved quality of life
with AP systems (0.1 (0.04e0.5); p Z 0.003). On the other
hand, CSII users were at higher odds of expecting
improved quality of life (5.4 (1.4e20.2); p Z 0.01. No other
factors were significantly associated with quality of life
expectations with AP system use. On the other hand, 26%
and 34% thought AP systems would have an impact on
who they are and on their body image respectively; while
85% felt their loved ones would positively perceive their
use of AP systems. Applying the basic regression model for
the effect of AP use on “who the person is”, older people
were at lower odds of expecting any such effect (0.9
(0.8e0.9); p Z 0.004) in contrast to those with longer
disease duration (1.1 (1.0e1.1); p Z 0.03). Females were
3.3 times more likely to report that AP systems could
impact their body image than males (3.3 (1.1e10.0);
p Z 0.03). None of the factors in the basic regression
model were significantly associated with the expected
reactions from close relatives to an AP system. Anxiety
about letting an intelligent algorithm control their glucose
levels was expressed by 18% of participants while 88%
affirmed that it would be important for them to be able to
ignore or modify AP system recommendations when they
want to. Only 4% felt anxious about letting AP systems
collect their personal and glycemic data (Table 2).

Perceptions of bi-hormonal AP systems

Bi-hormonal AP systems were reported to be useful by 83%
of participants in further reducing hypoglycemic risk. A
reduction in overall anxiety related to diabetes manage-
ment was expected by 63% of the respondents and in the
need for snacks by 41%. Only 6% of participants did not
think it would be useful. Participants thought that bi-
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hormonal AP systems would be most useful in these sit-
uations, in order of importance: physical activity (39% of
participants), meals (35%), when not at home (33%), during
the night (32%), and during the day (17%). More specif-
ically, in terms of physical activity-related hypoglycemia,
89% thought bi-hormonal AP systems would be very useful
or useful. Better glycemic control and quality of life with
bi-hormonal AP systems in comparison to mono-hormonal
AP systems were expected by 78% and 67% of participants,
respectively (Table 2). Participants expected the following
negative aspects linked to bi-hormonal PA use, in order of
importance: plausibly higher costs (58% of participants),
the addition of a medication (17%), the complexity of the
system with the need of two injection sites (24%), and
body image (5%). Overall, 28% of participants did not
expect negative issues arising from bi-hormonal AP sys-
tems. When asked about what the preferred type of
treatment if all options were made available in the market
while disregarding the issue of higher costs with the
addition of glucagon, 71% chose bi-hormonal AP systems,
20% chose mono-hormonal AP systems, 5% chose treat-
ment with insulin pumps, and 4% chose multiple daily
insulin injections.

Discussion

The objective of this online survey was to explore the
expectations and perceptions of adults with type 1 dia-
betes regarding future AP system use, in order to optimize
the technological development and clinical integration of
hybrid AP systems. Overall, participants expressed positive
perceptions of AP systems and willingness to adopt them,
which further validate the need for better options for
diabetes management and the multiple daily challenges of
type 1 diabetes management with currently available
therapies.

Willingness to replace current therapy with AP was
reported by 73% of the participants in our study. However,
when asked to specifically choose among mono-hormonal
AP systems, bi-hormonal AP systems, CSII or MDI
notwithstanding considerations of availability and costs,
AP systems were chosen by 91% of participants (71% for bi-
hormonal and 20% for mono-hormonal). These percent-
ages cohere with other published trials where AP uptake
was favoured by 86% of participants in two different
studies (both with small numbers of participants) and by
90% in a more recent publication [22e24]. Interestingly,
predictors of readiness to shift to AP therapy included
current CSII usage, dissatisfaction with current glucose
control, trusting AP systems with insulin dosing and ex-
pectations for improvement in quality of life with AP
system use. Indeed, the regression analysis revealed better
acceptance of many AP system aspects by current users of
technology to manage their disease, especially with CSII
use. Our findings are in line with some existing data
[16,22] but it is noteworthy that most surveys have been
conducted during clinical trials of AP systems use where
all patients had been CSII users before inclusion. It is
therefore likely that familiarity with CSII would facilitate
s of adults with type 1 diabetes for the use of artificial pancreas
urvey, Nutrition, Metabolism & Cardiovascular Diseases, https://
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the acceptance of more complex technologies such as an
AP system. An important finding in our study is that an
overwhelming majority of participants (88%) prefer to be
able to ignore or override the suggestions of the algorithm
when they want. Identical wishes to override or stop AP
systems were expressed by most participants in two
studies that used structured and focus group interviews
[25,26]. Moreover, despite almost all participants (93%)
expressing openness to use alarms, the tolerated alarm
frequency varied among participants with around one
third (30%) accepting alarms at a frequency exceeding 3
times per day. These aspects might affect long term use of
AP systems and should be considered in their technolog-
ical development before future versions and eventually
fully closed-loop systems enter the market.

Many participants reported difficulties with glucose
control around physical activity (52%), meals (48%), out-of-
home (46%), and during the night (43%). These results
reflect their continuous struggle with type 1 diabetes
management despite half of them using CSII and one third
being concomitant users of CGM and CSII. Even if these
situations are known to be challenging to people living
with type 1 diabetes, existing and developing AP systems
will need to be optimized in terms of their algorithms in
situations like physical activity and meal-taking [9,27,28].
Until better performing systems are made available, future
users will need to be educated about the need for user
involvement to plan physical activity and meals [21]. Since
education on the capabilities of AP systems can help foster
realistic expectations among prospective users (21), it may
also favour their eventual satisfaction with these systems
and their overall clinical success.

Trust in AP systems’ algorithm with insulin dosing was
expressed by 79% of the participants. This is coherent with
the results of a clinical trial in adults with type 1 diabetes
who used AP systems for 11 days, in which 70% of adults
trusted the system [29]. A majority of participants (80%)
expected an improvement in their quality of life with an
AP system. Published surveys assessing expectations and
quality of life, conducted with different designs during
clinical trials of AP systems, all showed overall improve-
ment in quality of life [1,11,14,15,29]. Our finding indicates
that expectations regarding improvements in quality of life
are generally high among participants. This reiterates the
need to educate prospective users on the limitations of AP
systems to ensure that their expectations are realistically
aligned with the performance of these systems once they
will enter the market (21).

Participants were not anxious about sharing their
personal data and glycemic profiles through AP systems,
which likely reflects the ubiquitous presence of informa-
tion technology in daily life. Although not expressed by
the majority as with other positive aspects, impacts of AP
systems on who the person is and on body image were
expected by close to one third of participants (26% and
34%, respectively). The effect on body image was signifi-
cantly more reported by females (46%) than males (18%).
Such concerns, if sufficiently significant, could dispro-
portionately impact the uptake of AP systems among
Please cite this article as: Taleb N et al., Perceptions and expectation
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women when commercialized. To minimize the uneven
distribution of inconveniences of AP systems on body
image and personal identity, these concerns should be
mitigated during the process of AP systems development
in advance to their commercialization (e.g., smaller de-
vices) [18].

Specific questions addressed the expectations and per-
ceptions about glucagon addition in bi-hormonal AP sys-
tems while comparing them to those for mono-hormonal
systems, which has not been reported in published studies
to our knowledge. Interestingly, a majority of participants
expected usefulness of glucagon addition to further
decrease hypoglycemic risks (83%) and to facilitate glucose
control around many known challenging conditions such
as physical activity and meals. Importantly, 63% of partic-
ipants expected bi-hormonal AP systems to decrease
anxiety related to disease management burden. After 11
days of bi-hormonal AP system use by adults with type 1
diabetes, 64% of the participants in the clinical trial re-
ported feeling a decrease in disease burden in comparison
to their usual care [29]. Participants also expected greater
improvements in quality of life and glucose control with
bi-hormonal AP systems (67% and 78% respectively) over
mono-hormonal AP systems. This finding mirrored the
larger proportion of participants willing to adopt AP sys-
tems that would be bi-hormonal (71%) rather than mono-
hormonal (20%) if both were available at comparable costs.
Together, these results suggest that people with type 1
diabetes are very open to try more advanced management
technologies in light of expected improvements to their
hypoglycemia risk and overall glucose control around
challenging situations such as physical activity despite the
greater complexity of these technologies.

Limitations

The study has limitations that need to be acknowledged.
Half of the participants were university graduates similar
to rates in previous online type 1 diabetes surveys con-
ducted in Quebec [19,20]. Educated participants may be
more prone to respond to such surveys and this might
exert a selection bias on the responses, but we have
adjusted for education level when possible in our analysis.
The survey was offered in French so English speaking po-
tential participants might have been missed but this
should not have affected the overall validity of the re-
sponses. On the other hand, our study tried to investigate
general aspects of AP systems in its mono-hormonal sys-
tem but covered as well specific questions about bi-
hormonal systems. Some questions involved comparisons
between mono and bi-hormonal systems, which are not
covered in other published trials. Another possible limi-
tation of this survey is that it did not address potential
technical problems with AP components such as diffi-
culties with CSII catheters or CGM accuracies or stable
glucagon formulations. However, these AP components are
undergoing rapid technological improvements. Thus, these
technical aspects were beyond the direct scope of this
survey.
s of adults with type 1 diabetes for the use of artificial pancreas
urvey, Nutrition, Metabolism & Cardiovascular Diseases, https://



Survey on artificial pancreas systems 7
Conclusion

Prospective users of AP systems who participated in this
online survey held positive expectations and perceptions
toward AP systems, and are willing to replace their current
therapies with AP systems. Their interest in using AP
systems, both mono-hormonal and bi-hormonal, can be
attributed to the anticipation of improvement in glucose
control, decreased hypoglycemia risks and better quality of
life with AP systems. The findings reported in our study
better equip healthcare professionals to adequately align
the expectations of prospective users with the perfor-
mance and limitations of AP systems that will be
commercially available. These findings are also informative
to developers of AP systems by hinting to possible im-
provements that could be made to these modalities before
they are commercialized.
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