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Abstract

The artificial pancreas combines a hormone infusion pump with a continuous glucose monitoring
device, supported by a dosing algorithm currently installed on the pump. It allows for dynamic
infusions of insulin (and possibly other hormones such as glucagon) tailored to patient needs. For
patients with type 1 diabetes the artificial pancreas has been shown to prevent more effectively
hypoglycaemic events and hyperglycaemia than insulin pump therapy and has the potential to
simplify care. However, the potential ethical issues associated with the upcoming integration of the
artificial pancreas into clinical practice have not yet been discussed. Our objective was to identify
and articulate ethical issues associated with artificial pancreas use for patients, healthcare
professionals, industry and policymakers. We performed a literature review to identify clinical,
psychosocial, and technical issues raised by the artificial pancreas and subsequently analysed them
through a common bioethics framework. We identified five sensitive domains of ethical issues.
Patient confidentiality and safety can be jeopardized by the artificial pancreas’ vulnerability to
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security breaches or unauthorized data sharing. Public and private coverage of the artificial
pancreas could be cost-effective and warranted. Patient selection criteria need to ensure equitable
access and sensitivity to patient-reported outcomes. Patient coaching and support by healthcare
professionals or industry representatives could help foster realistic expectations in patients.
Finally, the artificial pancreas increases the visibility of diabetes and could generate issues related
to personal identity and patient agency. The timely consideration of these issues will optimize the
technological development and clinical uptake of the artificial pancreas.
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Introduction

People with type 1 diabetes (T1D) need to monitor their blood glucose (glycaemia)
frequently and self-inject with appropriate amounts of insulin. To achieve optimal T1D care,
patients must carefully plan their schedules around their care activities. They also have to
continuously make difficult decisions and calculations regarding their treatment regimen [1],
notably by taking into account dietary intakes and lifestyle factors. This behavioural burden
of T1D care can elicit distress and frustration among patients [2], especially among those
who struggle to attain their target glycaemia levels [1]. Patients also fear both acute (e.g.,
severe hypoglycaemia) and long-term complications of T1D (e.g., retinopathy) and the
fluctuations in mood that accompany frequent glycaemic variations add to the emotional toll
of the illness [1].

Both the continuous glucose monitoring device and the insulin pump developed in the last
few decades can improve clinical outcomes associated with T1D care compared to punctual
glucose readings and self-injections [3, 4]. By their respective abilities to measure interstitial
glucose continuously and fine-tune insulin infusions, the continuous glucose monitoring
device and the insulin pump alleviate some of the burden associated with T1D care. Yet,
learning how to successfully coordinate the use of these complicated and customizable
medical devices remains challenging for patients. For example, parameters for basal insulin
infusions and prandial boluses of the pump still need to be adjusted according to the
patient’s schedule, level of activity, and glycaemic profile, while most continuous glucose
monitoring devices still need to be calibrated with traditional capillary blood glucose values
a few times per day to provide reliable readings [5].

The advent of the artificial pancreas

The artificial pancreas (AP) has been developed with the intention of simplifying and
improving care for patients with T1D [2, 6]. The AP operates in a closed-loop system that
consists of three components: a continuous glucose monitoring device, a dosing algorithm
and an infusion pump for hormones. Single-hormone versions only infuse insulin, while
dual-hormone versions infuse glucagon in addition to insulin. Every ten minutes, interstitial
glucose values provided by the continuous glucose monitoring device are transmitted to the
algorithm, which calculates hormonal infusions or boluses with the aim of maintaining
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glucose values within target range. Hence, the resulting infusions of insulin (and possibly
glucagon) are tailored to the changes in the patient’s blood glucose. A first commercial
version of the AP was approved by the FDA in September 2016 [7]. Most of the currently
developed AP versions are hybrid closed-loop systems: they still require the patient to
announce exercise and meals, with or without exact carbohydrate counting [8, 9]. This is
partly due to the pharmacokinetics of the available insulins and equilibration between
interstitial glucose measured by the continuous glucose monitoring device and actual blood
glucose values. In the future, faster acting insulins, increased accuracy and reduced lag-time
of continuous glucose monitoring device as well as self-learning adapting algorithms will
probably improve the AP’s level of automation. These advances could fully close the loop
and minimize the need for oversight for AP use [6]. In addition, glycaemia and hormonal
infusions data will likely be accessible for users and their health care professionals through a
web platform [10].

Clinical benefits of the single-hormone AP for glycaemic control have been established
through inpatient and outpatient trials, which indicate that it is more effective at preventing
both hypoglycaemic and hyperglycaemic events than conventional insulin pump therapy
[11-13]. The magnitude of these benefits may depend on the algorithm developed for the
software and the functionalities they offer [6, 11, 14, 15]. A dual-hormone AP, which
includes insulin and glucagon infusions, is also being tested to further reduce the occurrence
of hypoglycaemic events [16-19]. Yet, the inclusion of glucagon comes with the cost of
dealing with a more complex system, which notably has an additional catheter and infusion
site. Moreover, as glucagon was initially commercialized for one-time use, a stable glucagon
formulation that withstands fibrillation and aggregation in an insulin pump still needs to be
developed for its inclusion in the AP [20]. Accordingly, the safety of chronic glucagon use
also needs to be established [21].

Psychosocial and ethical issues raised by the artificial pancreas

Preliminary studies have explored the psychosocial benefits and implications of the AP. In a
study exploring adolescent and parent perceptions of the AP following a three-week trial at
home, participants reported feeling greater assurance in their ability to manage their T1D, as
well as a sense of safety and peacefulness [22]. In two other studies, participants reported
similar psychosocial benefits, in addition to improved daily functioning, sleep, and overall
quality of life, most likely due to a relief from some key components of T1D care [23, 24].
In return, an AP user must be willing to wear at all times all the pieces of the AP and still
needs to rotate the sensor and infusion sites [24]. Patients who have tried the AP also
expressed concerns about technical difficulties such as calibration or equipment issues, as
well as annoyance of alarms, the cumbersomeness of the device and its associated visibility
[22, 24, 25]. These concerns of wearability and visibility, which could also be true for
patients who currently use an insulin pump with or without a continuous glucose monitoring
device, may diminish in the future especially with the integration of various pieces of the
AP.

Like for psychosocial issues, anticipating the ethical issues raised by medical devices is
useful to inform its optimal technological development and clinical uptake [26]. Ethical
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issues are those that raise important questions with respect to values and principles and are
interwoven with psychosocial as well as other aspects of the AP. Like other medical
technologies, the AP is likely accompanied by its own set of ethical issues, however these
have been much less investigated than the psychosocial issues raised by the artificial
pancreas. For example, given that medical technology is expensive and has limited
availability, its allocation involves concerns of fairness and justice. In addition, medical
technologies that are used daily generate issues regarding the autonomy of users: while they
may improve the user’s control of illness and daily life, they create a sense of dependency.
Yet, to our knowledge, the ethical issues associated with the use of the AP have not been
extensively studied previously, aside from the tension between its benefits, potential harms,
and inconvenience as outlined above. Accordingly, our objective was to identify and
articulate the main ethical issues associated with AP use for patients, healthcare
professionals, developers, and policymakers. We have identified five domains in which
ethically problematic situations involving the AP could arise in the future and generate
difficult choices and dilemmas: confidentiality and safety, coverage, patient selection, patient
coaching and support, and personal identity and agency. We here report on those categories
of issues as encountered in the literature, explain them in terms of ethically problematic
situations that patients could face, and discuss possible initial recommendations to tackle
them.

Some general psychosocial issues raised by the AP have already been documented in the
literature [22-24, 27-32], but to our knowledge, their ethical ramifications have rarely been
addressed. Our strategy therefore consisted in performing a literature review to identify these
issues and analyse the latter through an ethical framework (Figure 1). More precisely, we
looked for psychosocial and technical issues related to the AP, or issues in neighbouring
literature such as the ethical and psychosocial issues of other TLD management strategies.
The databases used were PubMed, Scopus, and Philosophers’ Index.

We adopted Beauchamp and Childress’ principles of biomedical ethics as an ethical
framework to analyse the identified issues. This framework evaluates how four ethical
principles, namely respect for autonomy, beneficence, nonmaleficence, and justice, articulate
tensions in an ethically problematic situation arising in a clinical or research environment
[33]. We chose this framework for its ability to uncover general ethical tensions raised by the
AP, while recognizing that more sophisticated frameworks could eventually be mobilized to
refine our understanding of some of these issues. The framework was applied to each
identified issue identified through the literature review to reveal its ethical ramifications,
notably by drawing links between the issue itself and the principles and sub-principles of the
framework. The issues raised by the AP and their ethical implications were further
articulated through discussions with a multidisciplinary team that develops an AP
(clinicians, research personnel, engineer, and healthcare professionals) as well as with
bioethics scholars and patients with T1D. Both the discussions and the resulting reflections
served as a basis for further inquiry in the literature. We subsequently organized the issues
and their associated ethical questions under five domains that pertain to the development, the
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attribution, or the use of the AP: confidentiality and safety, coverage, patient selection,
patient coaching and support, and personal identity and agency.

Domains of ethical issues

Table 1 provides an overview of the issues and potential problematic situations patients
could face regarding the five domains of ethical relevance presented below, as well as early
recommendations to tackle them.

Domain 1: Confidentiality and safety

The AP’s transmits and shares clinical data (glucose readings and/or insulin infusion doses)
and personal information, which involves risks to the patient’s privacy, confidentiality and
safety. In addition, the AP’s increased complexity as opposed to conventional T1D
management strategies creates additional technological vulnerabilities, which may pose risks
to the user’s physical integrity.

Information-transmission features—If hijacked by a malevolent user, the AP’s data
transmission features may pose risks to the patient’s privacy and physical integrity. Indeed,
clinical data and personal information circulate wirelessly between AP components, a Web
platform (e.g. https://carelink.minimed.com or https://diasend.com currently used for insulin
pumps or continuous glucose monitoring devices), and to third-party applications installed
on a smartphone or a specific interface on the pump, depending on the AP system. While
these data transmission features allow patients to readily access patient individual health
data and facilitate T1D management decisions [32], they render the device vulnerable to
information security breaches [31, 34, 35]. Those breaches could involve unauthorized
access, storage, transfer and modification of information [36]. Unauthorized access to the
patient’s clinical data or personal information could threaten the patient’s privacy and
confidentiality [36, 37]. A malevolent modification of the clinical data could result in
physical harms for the patient, notably through an increase in the quantity of insulin to be
infused [31].

To limit such risks, regulatory agencies could mandate medical device developers to test
systematically various data interception and modification scenarios as part of the research
and development process [36], especially given that such risks may also be common to other
automated or closed-loop medical technologies (e.g., pacemakers, deep brain stimulators,
brain computer interfaces) [38]. AP companies could solicit the expertise of external
consultants to test for potential vulnerabilities in the AP’s software.

Data access—Clinical data sharing with healthcare professionals or family members may
leave the patient with the impression of being surveilled and monitored, especially if this is
done without his or her consent. Access to glycemic and insulin dose data through a web
platform by healthcare professionals certainly empowers them to offer better guidance to
patients [32, 39]. Yet, patients may not be at ease with unrestricted data access by healthcare
professionals. In addition to fears of surveillance, patients could worry about the impact of
their experimentation with T1D management would leave on their glycaemic readings,
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especially when beginning to use an AP. Their raw clinical data could be interpreted as
ineffective T1D management by the healthcare professional if taken out of that context.

Similarly, data access by family members may certainly empower them to offer improved
care, notably for pediatric patients and elderly patients, but it could also be interpreted as
surveillance by some people with T1D [32]. For example, adolescents seeking independence
can interpret parental oversight and worry as being intrusive [40]. In such cases, the parents’
benevolence conflicts with the need to recognize the adolescent’s autonomy and claim to
privacy [41]. On the contrary, automated T1D management offered by the AP is also an
opportunity to empower adolescents in the management of their illness and allow them to be
more independent. More generally, data surveillance could also involve tensions between
spouses, or between a caregiver and the patient (e.g. adolescent or elderly parent).

How much and what kind of information to share with the healthcare professionals and
relatives could be determined in partnership with the patient. Currently, the continuous
glucose monitoring device and the insulin pump require that the patient uploads data on a
web platform accessible by his or her healthcare professionals on a voluntary basis [42]. If a
similar data sharing approach is implemented with the AP, some of the concerns relating to
unwarranted surveillance could be mitigated. Data sharing among relatives could be made
with the consent of patients (or assent of minor patients). For adolescents specifically, data
sharing practices may need to be established according to the patient family’s needs with a
progressive recognition of the growing autonomy of the aging adolescent [43, 44].

Complexity—As medical devices like the AP increase in complexity to provide patients
with personalized treatment, their number of loopholes and vulnerabilities also increase [23,
45]. For example, the dual-hormone AP includes an additional infusion system for glucagon
and promises to further reduce hypoglycaemic events in comparison to single-hormone
systems [21, 46], but the addition of glucagon may amplify security concerns. Risks to
patient safety and security created by increased AP complexity need to be considered in the
backdrop of their related benefits as well as the justification and acceptability of those risks.

Domain 2: Coverage

Coverage intends to improve patient care and quality of life by facilitating access to
expensive medical interventions like the AP. Faced with the increase in health expenditures,
policymakers and insurers are often encouraged to allocate resources towards cost-effective
medical technologies [47], like the AP potentially. Patients forced to change public or
private coverage plans could be faced with discontinuity of care and associated challenges.

Coverage decisions—Unavailable public or private coverage for the AP could add to the
already tangible socio-economic burden of T1D for those who choose to use the AP. For
example, women and older adults with T1D face unemployment and lower quality of life
more often than the general population [48]. Moreover, is estimated that the average yearly
medical spending for people with T1D of ages 19 to 29 is $3,500 US, but that figure reaches
$10,100 US for people of ages 65 to 74 [49]. AP costs will add to these occupational and
financial burdens.
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Since insulin pumps and less frequently continuous glucose monitoring devices can be
covered by private insurers and sometimes by public reimbursement programs [50], it can be
expected that AP coverage will be similar, at best. Coverage of the AP could be of interest to
policymakers if it is cost-effective, notably by preventing some of the costs associated with
the treatment of T1D complications. While the AP represents tangible investments due to the
need to wear a continuous glucose monitoring device at all times, medium and long-term AP
use could reduce the risk of both acute and chronic complications and their associated costs
[51, 52]. The apparent cost-effectiveness of the AP will need to be confirmed through further
analyses, such as those performed in health technology assessments, as well as through long-
term trials. Moreover, optimal AP uptake will also require allocation of dedicated human
resources through patient education and follow-up by healthcare professionals.

Changes in insurability—Patients who opt for an AP due to available coverage could be
sensitized to the dependency that they can develop towards the AP, which can be
problematic if discontinuity or termination of coverage occurs. Transitioning from the AP’s
automated features which require minimal user input, to a less sophisticated treatment
modality may elicit anxiety and uncertainty in patients, who would need to revise important
diabetes management education knowledge or acquire new knowledge, skills, and trust
towards the simpler treatment modality. Moreover, moving towards a treatment modality that
does not incorporate a continuous glucose monitoring device may be highly distressing for
patients with severe fears of hypoglycaemia.

Domain 3: Patient selection

In the likely scenario of restricted availability and coverage of the AP for financial reasons,
fair patient selection criteria that result in optimal clinical benefits and account for patient
preferences and values will be needed. While some patients may prefer being closely
involved in the control of their DT1 through multiple daily injections, others may feel at ease
in surrendering a portion of their T1D management to an AP. Moreover, patients with
specific clinical needs, attitudes and traits, and social environments may benefit more from
the AP. Such factors will need regular revaluation as patients’ personal situation, experience,
insurance coverage, and desires evolve over time.

Clinical needs—People with T1D who experience poor glycaemic control despite
rigorous adherence to insulin therapy could be ideal candidates for an AP. Such patients who
face recurrent and severe hypoglycaemic events despite intensive insulin therapy and/or
persistent high glucose values with progressing chronic complications are already favoured
in pancreatic islet transplantation, a costly procedure with limited availability [53-55]. Some
of these specific attribution criteria used in pancreatic islet transplantation allocation could
be transposed to AP attribution and would therefore ensure maximum clinical benefits.
Moreover, such criteria would also ensure that patients would not benefit from a simpler and
cheaper intervention such as multiple daily insulin injections, which insurers would rather
fund.

Unlike people with T1D with poorly controlled T1D despite good adherence to therapy,
people with type 2 diabetes have access to a greater variety of pharmacological, surgical and
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lifestyle treatment options [56]. Indeed, current use of the AP mainly targets people with
T1D and only a few studies with the AP involved patients with type 2 diabetes [57, 58].
Hence, people with type 2 diabetes should not be prioritized in AP allocation at this time.

Patient attitudes and traits—Motivated patients [59, 60] who have a positive outlook on
the benefits of the AP with realistic expectations are good candidates for the AP [25, 29],
because they will likely persevere when faced with hardships when adapting to the
technology. While such patients could be favoured in AP allocation, these attitudes may also
be fostered through patient coaching (see below).

Moreover, patient traits which do not translate into optimal clinical benefits should not be
used as selection criteria. For instance, age and ability to use technology may be tempting
ways to orient AP allocation, because young and tech-savvy smartphone users could be
expected to better grasp how to use T1D management technologies than the elderly.
Surprisingly, one study showed that some elderly patients tended to be more prudent with
insulin pump therapy: they were more attentive in following the instruction manual and less
likely to improvise [60]. Some tech-savvy individuals who were assigned insulin pump
therapy did not achieve maximum benefits because they would tend to deviate from the
instructions they received during their training [60]. Hence, using age and technological
ability as a selection criterion would be discriminatory and unfair, knowing that its
application may not necessarily translate into optimal clinical benefits. More inquiry will be
needed to establish which traits are predictive of optimal clinical outcomes and less harm
with the use of the AP.

Social environment—Good social support and flexible schedules may ensure greater
clinical benefits, but a strict application of this criterion could disproportionately impact
people of lower socio-economic status. Social support and flexible schedules may involve
that patients can benefit from greater follow-up by being available for regular follow-up
appointments [61]. This is especially true for patients who are less autonomous in the
management of their T1D due to their age (e.g., adolescents, elderly). On the other hand,
access to T1D care varies according to socio-economic status. In Sweden, a lower socio-
economic status doubles or triples the risks for T1D complications such as cardiovascular
disease and death [62]. In the United States, non-Hispanic white youth with higher socio-
economic status are more susceptible than their counterparts to be attributed insulin pump
therapy in the first year following their diagnosis [63]. Similarly, life misfortunes and lower
education encountered by families with lower socio-economic status act as barriers for
accessing medical care, which translates in reduced access to insulin pump therapy [64].
Moreover, these individuals are often eligible to public health insurance who offers, at best,
limited coverage for insulin pump therapy and continuous glucose monitoring devices, as
opposed to usually larger coverage by private health insurance. If AP attribution follows
similar patterns, equity in access to sophisticated T1D care through the AP could be
compromised for people of lower socio-economic status. In addition, individuals faced with
social hardships could especially benefit from the AP, given that its automation would
alleviate the need for familial support and rigid schedules.
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Adherence to therapy and follow-up—Eligibility to some public coverage programs
for insulin pump therapy is offered to those demonstrating good knowledge of T1D
management, who adhere to therapy and who schedule regular follow-up appointments. In
Alberta, patients who want to receive public coverage for an insulin pump must fulfil
specific requirements and undergo various assessments in a period of three to six months to
qualify for the coverage program. These patients must have two HbA1c readings under 9.0%
taken three months apart. They must demonstrate good knowledge of carbohydrate counting
and insulin dose adjustment to prevent hypo- and hyperglycaemic events and must also
attend regular appointments [65]. At first glance, similar eligibility criteria could be
envisioned for a public coverage program for the AP to favour clinical benefits, patient
safety, and appropriate use of human and economic resources. Paradoxically, the strict
application of such criteria could prevent access to the AP to patients who experience
difficulties with their current treatment modality, some of which the AP is well-positioned to
solve (e.g., insulin dose adjustments). Hence, AP eligibility criteria could mirror those used
with the insulin pump, but they should be adapted to the improved capabilities of the
technology and to patients’ needs.

Domain 4: Patient coaching and support

Sufficient support, education, and follow-up for people with T1D are necessary to ensure
maximum benefits and safety, as well as to empower patients in autonomously managing
their illness [66]. Classic T1D management skills include carbohydrate counting, calculating
insulin doses or insulin-to-carbohydrate ratios, and adjusting the treatment regimen to
physical exercise. In addition to these skills, AP education includes AP use and
maintenance, as well as using data generated to improve glucose control. Additional
components of comprehensive patient support include realistic expectations,
troubleshooting, experiential knowledge, and lifestyle habits.

Realistic expectations—Without realistic expectations, patients could be disappointed
by the AP despite improvements in glycaemic control, and expose themselves to risks by not
sufficiently understanding the limits of what the AP can do for them. In itself, the expression
“artificial pancreas” is misleading and may cultivate unrealistic expectations: indeed, the AP
does not replicate all endocrine functions of a healthy pancreas and it is not integrated
seamlessly into the body, despite alleviating important burdens. Patients may only have
realistic expectations regarding the AP’s capabilities if they understand that it is not a new
organ and not a cure to T1D [61].

Healthcare professionals could help foster realistic expectations among patients by
highlighting that the AP constitutes a partner in T1D care. Indeed, the patient performs
general maintenance (e.g., replacement of cartridges and catheters) of the AP and oversight
(e.g., entering meal carbohydrate content and managing glycaemic variations induced by
exercise). In exchange, the AP takes clinical decisions by calculating and administering
appropriate insulin doses, and acts as a decision aide, notably by displaying glycaemic
curves, which empowers the patient to make reasoned choices regarding activities, meals,
and exercise periods. Providing patients with a balanced account of the advantages,
drawbacks, and capabilities of the AP may also help foster realistic expectations [24].
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Troubleshooting—Long-term AP use will likely impact the use of time during
appointments with healthcare professionals. Provided that technical details don’t overrule
the discussion, the automation of glycaemic management will allow for greater promotion of
healthy lifestyle, more extensive complication screening and treatment, and improved
reduction of cardiovascular complications, as opposed to a primary and sometimes exclusive
focus on glycaemia fluctuations. Adoption of the AP shortly after a T1D diagnosis could
also reduce the risks of acute and long-term complications (e.g., severe hypoglycaemic
events and chronic kidney diseases) and their economic, administrative, organizational, and
healthcare implications. Yet, when starting to use the technology, AP users may require
significant assistance in AP troubleshooting due to its greater complexity. Without sufficient
support, AP users could feel disempowered by the technology and not experience the
expected clinical outcomes.

Offering sufficient troubleshooting support to patients may be challenging for healthcare
professionals, who already face limited availability. Devoting time to AP troubleshooting
could involve less time to devote to patients with other treatment modalities or health
conditions [32], raising concerns of justice. Moreover, the AP transforms the role of the
clinician from a “physiology expert to [a] machine operator” [67] by centring T1D care on
the operation of a computerized tool. This shift in the clinician’s responsibilities highlights
the need for healthcare professionals to obtain new training on AP troubleshooting that goes
beyond the utility of the AP as a decision-making aide in T1D care [67].

Industry representatives should offer troubleshooting help. When acquiring a new insulin
pump, in Canada, patients typically benefit from a one-month follow-up by a healthcare
professional working for the company and then a help line is made available to them. A
similar and ideally improved support system could be envisioned for the AP. The exact
division of tasks between the healthcare system and industry representatives would need to
be determined and potential conflicts of interests could be made explicit. In both cases,
patients could also be directed to written and online resources (e.g., instruction manuals) that
could provide guidance regarding troubleshooting. Ultimately, patients should be taught to
maintain and operate an AP, as well as to manage acute problems that could arise with the
technology (e.g., software malfunction).

Experiential knowledge—A patient’s experiential knowledge is necessary for successful
management of T1D [68]. This knowledge, generated through trial-and-error, involves
personal tricks, habits, and daily tasks useful to T1D management such as note-taking about
wellness, making sense of reactions to insulin, and acquiring subjective understanding about
how physical activity, nutrition and stress can affect glycaemia [68]. Transitioning from a
conventional T1D management strategy to the AP may not always translate into improved
glucose control, especially when patients start to use the device and experiment with it.
Thus, healthcare professionals may need to interpret raw data provided by the AP cautiously
and in complement to the patient’s evolving experiential knowledge when formulating
recommendations related to T1D management.

Lifestyle habits—Physical activity and healthy nutrition are determinants of general
health and are relevant to patient education, but respectively involve adjusting insulin doses
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prior to exercise and carbohydrate counting [5], which both add to the burden of T1D
management. By preventing hypoglycaemia more effectively, especially with glucagon, the
AP helps people with T1D to practice physical activity more safely and easily. The resulting
psychological and physical benefits of exercise could translate into general health
improvements for AP users in the context of rapid rising prevalence of cardiometabolic risk
factors and complications in patients with T1D [69]. On the other hand, current T1D
management is glucocentric, meaning that patients must monitor their carbohydrate intake
and correct hypoglycaemic events through sugar intake. Understandably, several patients
with T1D view eating as a stressful task, and eating disorders have a higher prevalence
especially among women with T1D than in the general population [70]. Current versions of
the AP perpetuate glucocentric T1D management by requiring users to enter their
carbohydrate intake at every meal [8].

However, experimental versions of the AP which require simpler general meal information
(e.g., a small meal that corresponds to a pre-programmed range of carbohydrates) are
currently being tested [19]. In addition to alleviating the burden of carbohydrate counting
and reducing the risk of hypoglycaemic events, such experimental versions could be more
permissive regarding meal intake and allow users to enjoy their meals and eat mindfully. The
shift from a conventional glucocentric T1D diet management to a more general healthy
eating will allow to shift patients’ attention to other aspects of diet quality (e.g. fiber, protein
and fat content of meals). On the other hand, the latter could perhaps be jeopardized by
transition to the AP if patients erroneously believe that the AP’s adjustment of glycaemia
towards target ranges is sufficient for good health. In this case, patients might be less self-
conscious about the foods they consume by expecting the AP to adjust the insulin bolus
appropriately [2]. Nevertheless, in the near future, all upcoming AP versions will require
meal notification. With current and future AP versions, healthcare professionals should
remind their patients of the importance of diet quality and that correcting for glycaemic
excursions is not sufficient for good health.

Domain 5: Personal identity and agency

The support offered by the AP in T1D care will likely have benefits for users, who feel more
reassured and at peace with the technology with the impression of living a normal life and
that their illness is under control [22]. Patients report feeling less stressed, anxious, and
worried with an AP [29]. These resulting improvements in quality of life, in addition to the
benefits provided by the AP, improve sleep [22] and performance at work [28]. While this
support is profitable for AP users, it implies changes to agency, burden of control, and
visibility of T1D, and may render patients more vulnerable to malfunctions.

Agency—Agency designates a person’s ability to act autonomously and voluntarily and it
is considered a finite resource [71]. People with T1D devote part of their agency to the
control of their illness and direct the rest of their agency towards other daily occupations.
Patients who opt for an AP agree to surrender part of their T1D control to the technology in
exchange of greater agency to devote to their daily activities. This shared control of T1D is
conditional to the patient’s trust in the technology, which may be limited by unfamiliarity
with the AP, technical limitations, and patient values and preferences. Indeed, patients who
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start using the AP may initially exert close oversight on the AP’s operations for safety and
security concerns. As patients become familiar with the AP’s capabilities and limitations,
and as they witness its performance and reliability, they will develop trust in the technology
in partly controlling their T1D. Yet, technical problems (e.g., issues with the equipment or
software) or limitations of current AP versions (e.g., imprecise glucose sensor readings in
hypoglycaemic or hyperglycaemic peaks or due to inappropriate calibration [28, 30, 72])
could diminish users’ trust in the technology.

In addition, healthcare professionals may want to take into account their patients’ values and
preferences in directing them towards an appropriate treatment modality. Some patients’
experiential knowledge in using multiple daily injections may allow them to manage
rigorously and successfully their T1D. These patients could believe than an AP would not
possess the fine knowledge of being able to adjust insulin infusions according to their level
of activity and bodily sensations, and would less likely trust it. In all cases of limited trust in
the AP, the use of this technology may become self-defeating. Patients will feel the urge to
validate that the AP’s operations and decisions are appropriate, forcing them to allocate even
greater agency to their T1D management. Given that trust is likely strengthened over time,
healthcare professionals could warn patients that initial AP use may warrant closer
oversight, but that this situation will resolve over time. Healthcare professionals may also
want to encourage AP use in patients who can appropriately deal with the AP’s technical
limitations.

Burden of glycaemic control—The sharing of responsibilities and agency with the AP
could alleviate some of the psychological toll of T1D control experienced by the patient.
Furthermore ongoing glycaemic feedback may foster confidence in T1D control. People
with T1D often believe that they are fully responsible for the control of their illness [73].
Thus, the inability to attain target glycaemia can represent a moral failure and a sign of
unworthiness to them [73]. The sharing of responsibilities and agency with the AP will
likely involve a change in this charged discourse. Patients could feel less guilty and shameful
of not attaining adequate glycaemia levels, and shift the blame on the AP, which could
alleviate some of the moral and emotional burden they normally feel. In addition, the AP’s
ability to provide timely glycaemia readings could mimic the positive feedback provided by
clinicians in medical appointments, helping the patient to become more confident in his or
her T1D care.

Visibility of T1D management or devices—The visibility of behaviours or
technologies involved in T1D management may challenge adherence, especially if their
visibility is unwelcomed by the patient. Multiple daily insulin injections and glucose
monitoring make T1D a disease that is occasionally visible, while insulin pumps or an AP
transform T1D into a readily visible illness. Importantly, the visibility of behaviours or
devices used for T1D management may jeopardize adherence to the treatment regimen. For
example, social environments do not always offer the privacy or convenience to self-inject
[1, 74] and may limit adherence to this treatment modality. As a result, people with T1D,
especially younger adults, may avoid self-injections or wearing a pump in public to preserve
their self-image, avoid stigmatization, and hide their illness from others [1, 75, 76].
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Stigmatization occurs when someone with poor knowledge of the illness can falsely attribute
negative characteristics to the person with T1D, such as blaming them for their illness and
labelling them as sick [76, 77]. Limits to adherence in public spaces could also be an issue
with the AP, namely regarding calibration and replacements of the insulin cartridge, but
these steps are easier to dissimulate in public for patients who express the need for privacy.
By its design, the AP also facilitates adherence by transforming T1D management from a
series of manual operations to essentially entering numerical values and settings, at
convenient times, into a programmable and hybrid closed-loop system.

Despite making T1D management more discrete, the AP still contributes to the visibility of
the illness by being a cumbersome and an uncomfortable external system for some patients
[30, 77]. The insulin pump and the catheter can impose restrictions or adjustments on
clothing and are also problematic for intimate relationships [78]. By being visible, the AP
could raise questions among the public and act as a conversation starter, to the dismay of
patients who would prefer avoiding unsolicited attention and be “treated as ‘normal’” [73].
The AP could also contribute to reducing patients with T1D to their identity as “diabetics”,
shedding light mainly on their illness and leaving less space for the rest of their identity [73].
This misconception could be handled by the patient in an informal setting, but in other
situations such as the case of a job interview where first impressions might matter more, the
patient would prefer avoiding that an interviewer be aware of his or her illness.

To ensure sustained adherence to a treatment modality, healthcare professionals should take
into account patient preferences regarding the visibility of T1D when recommending
treatment modalities. Healthcare professionals could acknowledge that the potential constant
visibility of T1D conferred by the pump or the AP, albeit unwelcomed by some patients, can
be informative to the patient’s surroundings in the case of an emergency.

Dependence and vulnerability—By relying on the AP for clinical decisions, patients
may become dependent on the AP and vulnerable to malfunctions, especially if they expect
the AP to resolve all technical issues without external intervention. Accordingly, some
maintenance of basic T1D management skills and refreshers on the principles underlying
more conventional forms of T1D management will need to be nurtured by healthcare
professionals to increase patients’ resilience in the event of technical failures of the AP.
More specifically, to ease potential concerns regarding control and lack of reliability, a
feature that temporarily suspends automatic insulin infusions informed by glycaemia and
that would allow the patient to switch back to a pre-programmed classic open-loop insulin
pump infusions with manual adjustments will be an essential feature of AP devices.

Conclusion

In this paper, we undertook a first review and analysis of ethical issues raised by the artificial
pancreas keeping in mind the developers, clinicians, patients, and decisions-makers who are,
at this time, key stakeholders in the development of the AP and its clinical adoption. Given
the scarcity of relevant literature, we used a combination of reviews and studies on relevant
issues raised by the AP analysed through a common bioethics framework. We then identified
five initial domains where ethically problematic situations are likely to surface based on
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further analyses and team discussions. More research will be needed to validate the ethical
issues associated with the AP we outlined above, to discard worries which may not become
significant as the technology unfolds and improves, and to understand issues that could arise
through improvements in the technology. For example, future continuous glucose
monitoring devices will be smaller and wearable for a greater length of time, require less
calibrations, and offer improved glycaemic reading accuracy during hypoglycaemic and
hyperglycaemic events, for instance [79]. Over time, these improvements in technology and
their reduced costs could improve patient satisfaction by diminishing some of the concerns
pertaining to visibility, reliability, and safety. Inversely, these improvements could give rise
to additional ethically problematic situations. For example, the widespread use of extremely
effective APs in the future could nurture higher expectations regarding glycaemic control in
healthcare professionals, which could be more difficult to attain for those who use multiple
insulin injections, by choice or due to a lack of financial resources. For now, understanding
patient preferences and attitudes toward different trade-offs offered by the technology, as
well as monitoring the translation of the technology in the situations described in this paper
and over time, will be key to ensure patient satisfaction and adequate clinical uptake.
Hopefully this paper sets the stage for such further work as well as conversations about
ethical aspects of this new technology.
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1. Identification of 2. Ethical analysis of 3. Critical and creative 4. Resulting ethical
general issues the issues identified thinking to produce a issues were classified in
associated with the use detailed characterization five domains:
of the AP by people with Links were drawn of the ethical issues
T1D between Beauchamp and associated with the AP, 1.  Confidentiality and
Childress’ principles of as well as underlying safety
A literature review of biomedical ethics tensions and their
psychosocial and technical (respect for autonomy, implications. 2. Coverage
issues of the AP, and of * beneficence, * * 3. Patient selection
neighbouring literature nonmaleficence, justice) This process was enriched 4 Pationtcoschin d
5 3 A h : ; 5 5 gan
pertaining to other T1D and the issues identified by: (1) discussions with a
: . s support
management strategies to uncover underlying multidisciplinary team
using the PubMed, Scopus ethical dimensions and developing an AP and 5.  Personal identity and
and Philosopher's Index principles. bioethics scholars and (2) agency
Databases was conducted. further inquiries in the
literature on specific topics.
Figurel.
Scheme of the literature review to identify issues and analyse the latter through an ethical
framework
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Summary table of potential ethically problematic situations that could arise through AP use.

Domains of ethical issues

Issues

Ethically problematic situations

Recommendations

Confidentiality and safety

Information-transmission features

The AP’s information-transmission
features makes it vulnerable to
cybersecurity breaches, such as
unauthorized data access or modification,
threatening privacy and confidentiality, as
well as physical integrity [36,37,31].

Regulatory agencies could
require more systematic
testing for data interception
and modification in the
research and development
stages [36].

Data access

The person with T1D may feel surveilled
if he did not personally authorize the
healthcare professional and/or his
relatives to have access to his data
[32,40].

Data sharing should be
established in partnership
with the patient and with his
consent.

Complexity

Complex systems have an increased
number of vulnerabilities, which amplifies
security concerns [45].

Additional features and
functionalities should only
be added to the AP if their
benefits outweigh their risks.

Coverage

Coverage decisions

Without coverage, the AP’s costs will
involve additional out-of-pocket
expenditures for people with T1D, which
already face tangible socio-economic
burdens [48].

AP coverage could be of
interest to public and private
insurers due to its potential
cost-effectiveness (i.e.,
limiting expenditures by
reducing the incidence of
T1D complications [51,52]).
Further studies are needed to
validate cost-effectiveness.

Insurability and care

AP coverage could be discontinued
through a change in insurability, forcing
the patient to resort to a simpler and less
effective treatment modality.

When acquiring an AP,
patients could be sensitized
to the risk of discontinued or
terminated coverage.

Patient selection

Clinical needs

Some people with T1D experience poor
glycemic control despite rigorous
adherence to insulin therapy, which
results in a high likelihood of developing
long-term complications.

AP allocation could
prioritize people with T1D
with complex clinical needs,
so0 that maximum clinical
benefits are attained. People
with T2D could benefit from
simpler and less costly
interventions than the AP
[56].

Patient attitudes and traits

While positive patient attitudes favour
clinical benefits, some patient traits (e.g.,
age, technological ability) are not
predictive of success with T1D
management technologies [60].

Patients with positive
attitudes and realistic
expectations are good AP
candidates. The AP should
not be allocated simply
according to age and
technological ability. More
studies are needed to
establish which traits are
predictive of clinical
benefits.

Social environment

While a patient with good social support
and a flexible schedule may be more
likely to benefit from AP use, patients
without this socio-economic advantage
may equally benefit from the AP.

Social support and flexibility
of schedule should not be
used as selection criteria,
since it could further
enhance inequity in T1D
care that already exists for
people with lower socio-
economic status [62-64].

Adherence to therapy and follow-
up

Eligibility to some insulin pump public
coverage programs is determined by
specific criteria [65]. Some of these
criteria could be used for AP attribution,
but others may be irrelevant given the
AP’s functionalities (e.g., being able to

Diabetes Metab. Author manuscript; available in PMC 2020 January 01.
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public coverage program for
the AP would favour clinical
benefits, safety, and optimal
resource use. While these
criteria could mirror those of
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Domains of ethical issues

Issues

Ethically problematic situations

Recommendations

adjust insulin doses to prevent hypo- and
hyperglycemic events).

the insulin pump, they
should be coherent with the
AP’s functionalities and
patients’ needs.

Patient coaching and
support

Realistic expectations

With unrealistic expectations on the AP’s
capabilities, patients could be deceived by
the technology despite positive outcomes.

Healthcare professionals
could portray the AP as a
partner in T1D care by
explaining the AP’s
capabilities and limits and
insisting on the patient’s
responsibilities. Providing
the patient with a balanced
account of the advantages,
drawbacks, and capabilities
of the AP will also foster
realistic expectations [24].

Troubleshooting

Healthcare professionals may not have
extensive knowledge and time to assist
patients in AP troubleshooting, who may
feel overwhelmed when starting to use the
technology.

To empower their patients in
their T1D management,
healthcare professionals
could direct patients to
written and online
troubleshooting resources.
AP companies should deliver
technical support to patients.

Experiential knowledge

Patients develop experiential knowledge
(e.g., personal tricks and habits) to aid
them in the management of T1D through
trial-and-error [68]. Such manipulations
may result in sub-optimal raw glycaemic
data.

Healthcare professionals
may need to interpret raw
glycaemic data by
acknowledging contextual
factors, such as new AP use
to allow patients to develop
experiential knowledge.

Lifestyle habits

Healthy nutrition and physical activity are
an essential part of T1D management, but
may add to the burden of the illness (i.e.,

through carbohydrate counting and fear of
hypoglycemic events during exercise [5]).

An AP that would not
require strict carbohydrate
counting [19] could help
improving diet quality and
allow patients to eat and
exercise more mindfully. In
contrast, patients should not
expect the AP to account for
high sugar intake through
increases in insulin
infusions. All upcoming AP
versions will require meal
notifications.

Personal identity and
agency

Agency

Patients who trust the AP are comfortable
with surrendering part of their control of
T1D to the technology, gaining agency in
their daily lives. Yet, trust in the AP could
be limited by unfamiliarity, technical
limitations, and patient values and
preferences.

To ensure that trust toward
the AP is built over time,
healthcare professionals
could be sensitive to values,
preferences, and technical
abilities in directing patients
towards the AP. They could
remind patients that the need
for sustained oversight will
resolve itself over time.

Burden of control

Patients often experience frustration when
unable to control their T1D despite
rigorous self-care [73].

Shared responsibility with
the AP alleviates the burden
of successful T1D control.
Positive feedback provided
by the AP when target
glycaemic readings are
attained may improve
patients’ confidence.

Visibility of TLD management or
devices

TA1D is visible punctually (i.e., through
self-injections or glucose monitoring) or
continuously (i.e. by wearing an insulin
pump, a continuous glucose monitoring
device or an AP). This visibility may limit
adherence, elicit stigmatization, or

Diabetes Metab. Author manuscript; available in PMC 2020 January 01.
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should acknowledge patient
preferences regarding
visibility (i.e., punctual or
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patient towards an
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Domains of ethical issues

Issues

Ethically problematic situations

Recommendations

negatively impact relationships (e.g.,
professional encounters, intimacy)[1,75—

appropriate treatment
modality.

Dependence and vulnerability

Patients may become dependent on the
AP and forget how to resort to
conventional management strategies if a
technical problem arises.

Healthcare professionals
should ensure that patients
remain knowledgeable of
conventional management
strategies (e.g., calculating
insulin doses according to
blood glucose readings) to
avoid jeopardizing their
health in the event of a
technical failure. The AP
could include a feature that
suspends insulin infusions in
the case of technical issues
or hypoglycemic events.
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