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Abstract

Background: Cost is a major consideration in the uptake and continued use of diabetes
technology. With increasing use of automated insulin delivery systems, it is important to
understand the specific cost-related barriers to technology adoption. In this qualitative analysis,
we were interested in understanding and examining the decision-making process around cost and
diabetes technology use.

Materials and Methods: Four raters coded transcripts of four stakeholder groups using
inductive coding for each stakeholder group to establish relevant themes/nodes. We applied the
Social Ecological Model in the interpretation of five thematic levels of cost.

Results: We identified five thematic levels of cost: policy, organizational, insurance,
interpersonal and individual. Equitable diabetes technology access was an important policy-level
theme. The insurance-level theme had multiple subthemes which predominantly carried a negative
valence. Participants also emphasized the psychosocial burden of cost specifically identifying
diabetes costs to their families, the guilt of diabetes related costs, and frustration in the time and
involvement required to ensure insurance coverage.
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Conclusion: We found broad consensus in how cost is experienced by stakeholder groups.
Cost considerations for diabetes technology uptake extended beyond finances to include time,
cost to society, morality and interpersonal relationships. Cost also reflected an important moral
principle tied to the shared desire for equitable access to diabetes technology. Knowledge of
these considerations can help clinicians and researchers promote equitable device uptake while
anticipating barriers for all persons living with type 1 diabetes and their families.
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11 INTRODUCTION

Advances in diabetes technology in the last decade have resulted in a marked rise in diabetes
technology use and are associated with improvements in type 1 diabetes outcomes.2:2 In
particular, continuous glucose monitoring (CGM) and hybrid closed-loop systems have
emerged as promising new technology.3-> CGM use alone, irrespective of type of insulin
delivery, is associated with an improvement in HbA;..6 Hybrid closed-loop systems have
consistently demonstrated improvements in HbA; and time in range while decreasing rates
of hypoglycaemia, severe hypoglycaemia and diabetic ketoacidosis.3-> Additionally, hybrid
closed-loop systems have shown improvements in diabetes distress, quality of life and
health-related quality of life.”

With increasing government approval of algorithms that allow for automated insulin delivery
as well as the increased adoption of do-it-yourself hybrid closed-loop algorithms, it is
important to understand barriers in adoption of these technologies in order to facilitate
equitable uptake across all persons with type 1 diabetes. While diabetes technology uptake
has increased over the last decade, population and registry data suggest that there is a
differential uptake in youth from lower socio-economic status families.8.? Taken with the
fact that the most commonly cited barrier to diabetes technology use is cost,10:1 financial
considerations may play a role in this differential uptake.11-13

Monetary and non-monetary costs of diabetes technology have been implicated in glycaemic
control and adoption of technology. Monetary cost, such as out of pocket costs to secure
diabetes technology coverage, may be a barrier to diabetes technology adoption. Non-
monetary costs, such as travel to collect prescriptions and time spent coordinating shipment
of technology, are also considered barriers to diabetes technology adoption. Cost may affect
people across and within countries differently as is seen in the United States with variability
in public payer coverage by state and county.13-14 Similarly, in the United Kingdom, despite
payers such as the National Health Service, there is a tenfold variation in access to insulin
pump therapy.1® In addition, a study evaluating insulin pump uptake in Ireland demonstrated
that reimbursement alone as a cost consideration does not fully account for uptake of insulin
pumps.11

Qualitative studies are foundational in understanding the lived experience of type 1 diabetes
as well as factors surrounding diabetes technology uptake and use.1918 These evaluations
are particularly important when aiming to improve diabetes technology uptake as clinicians
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often misidentify or over identify barriers to diabetes technology use, which can lead to
inadvertent gatekeeping and/or irrelevant solutions that are out of touch with the person's
actual barriers.1” The INSPIRE study was a rigorous mixed-methods evaluation, including
extensive qualitative investigation of the psychosocial factors associated with automated
insulin delivery systems among persons living with type 1 diabetes and their families (7=
284) in the United States and the United Kingdom.10 Major themes critical for automated
insulin delivery uptake included trust and control of the system, features of the systems

and barriers to adoption. In addition to these critical considerations, financial aspects of
automated insulin delivery systems emerged as a major barrier in the anticipated adoption of
these systems. Therefore, the goal of this study is to analyse the qualitative data to further
delineate the nuances of cost as a barrier in all of its forms as described by four stakeholder
groups: youth, parents, adults and partners.

2|1 RESEARCH DESIGN AND METHODS

2.11

Study overview

In the larger INSPIRE study, 134 qualitative sessions (58 sessions in the United Kingdom
and 76 sessions in the United States) were carried out. The mean duration of the qualitative
sessions was approximately 45 min with approximately 7 participants per session. The
qualitative sessions included 284 total participants (51 youth, 65 parents, 113 adults and

55 partners) and 24 a priori codes were consolidated into 12 thematic clusters. This
analysis was completed by nine raters in an iterative consensus-coding process. Participants
in this study represent the broader population of people with type 1 diabetes and their
views on cost. The qualitative sessions included those who utilized or accessed diabetes
technology (such as CGM and insulin pumps) as well as those who utilized or accessed
automated insulin delivery systems in particular. Inter-rater agreement of the themes
presented was established both quantitatively and qualitatively in the INSPIRE study. A
detailed description of study methodology and protocol for the larger INSPIRE study has
been previously published.10

For this study, we analysed all sections that were previously coded and related to cost
(‘General financial questions about automated insulin delivery systems’, ‘Automated insulin
delivery systems’ out of pocket costs’ and ‘Insurance coverage and insurance questions
regarding automated insulin delivery systems’). All data were organized by stakeholder
groups: (1) youth. youth with type 1 diabetes, (2) parent. parents or identified caregivers of
youth with type 1 diabetes, (3) aadult. adults with type 1 diabetes and (4) partner. partners of
adults with type 1 diabetes.

The dataset with the cost-related codes was anonymized, and therefore it was not possible
to report demographic data. However, these data are presented for the broader INSPIRE
study.10 The age range of the adults in the INSPIRE study was 18-77 years of age with a
mean age of 39.5 years; 92% of the cohort self-identified as non-Hispanic White and 73%
had a bachelor's degree or higher. The age range for youth was 9-21 years. Approximately
80% of the parents who responded were mothers and 90% of the parents identified their
child's race as non-Hispanic White. As with the other stakeholder groups, partners were
predominantly non-Hispanic White (95%).
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Data analysis

For this sub-study analysis, four raters (AA, SCS, JJW and DN) formed the analysis team.
Transcripts were uploaded and reviewed using QSR International's NVivo software version
12 for analysis. The transcripts possessing codes related to costs identified in earlier analyses
were included and represented the four stakeholder groups (youth, parent, adult and partner).
These transcripts were randomly assigned to two of four raters for analysis. The goal for this
data analysis was to further elucidate the way that cost is characterized and impacts decision
making across stakeholder groups. Therefore, for this in-depth analysis, coders began with
open-coding, or inductive coding of the cost-coded transcripts to establish relevant themes/
nodes. Five themes and 17 subthemes were identified in this first step. These codes were
reconciled through consensus resulting in a pared down 13 coding themes related to costs
and their impact on healthcare decisions. Further recoding identified a further three themes
resulting in a final total of 16 thematic codes. Inter-rater reliability was assessed using
Kappa coefficients supported by guidance from Landis and Koch.18

Empirical and interpretative meaning of themes were discussed by the analytical team until
consensus was reached. In the final stage of analysis, the analysis team organized the newly
identified themes in accordance with the Social Ecological Model!? as a theoretical structure
to understand and interpret the cost-related themes identified. The themes raised by the
stakeholder groups readily fell into the construct of the SEM. The SEM is a theoretical
framework which accounts for interplay between individual, relationship, community and
societal factors on behaviour. The SEM has been a useful model in understanding health

and behavioural concepts in an individual's social environment with wide applications in the
medical field.19-22

31 RESULTS

3.11

In this qualitative analysis of focus groups, cost is a major consideration for uptake and
sustained use of automated insulin delivery systems. All stakeholder groups, including
youth, described assessing cost considerations as it affects their day-to-day lives, their
relationships with family, interactions with providers and insurance considerations. In
addition, philosophical considerations of equity and access to diabetes technology for all
persons with type 1 diabetes were frequently discussed. Themes, their descriptions and
representative quotes are outlined in Table 1A-E. Theoretically grounded in the SEM as
depicted in Figure 1, these themes were placed within the context of the complex interaction
between individual, relationship, community and societal factors in the lives of people with
type 1 diabetes. The following sections summarize the statements and ideas discussed by the
study participants that reached thematic saturation.

Policy-level themes

Participants outlined the philosophical and policy implications of costs of current diabetes
technologies, namely discussing the importance of diabetes technology access for all (Table
1A).

It needs to be more equitable first of all by way of financing accessibility should
be a factor and then the big picture of no one should be without healthcare and
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whatever they need. Okay so that is the big picture, so this coming on the market, it
needs to be accessible to everybody. That’s it.

Additionally, participants emphasized that payers and policymakers need to understand
that prevention with diabetes technology costs less than treatment of short- and long-
term complications of diabetes. Finally, participants noted that improvements in diabetes
management have been iterative over the years and across various fields with a sense of
optimism.

But | think in the power of the community and the kind of medical world and the
numbers can speak for themselves kind of thing, that hopefully it will be something
of an offer to the under 18 at least, since they would have to do it in stages, | think
they should have priority.

Organizational-level themes

Participants discussed the need to convince payers to cover diabetes technology and reported
feeling frustrated with the insufficient coverage of diabetes technologies despite significant
evidence existing in support of continuous glucose monitors and insulin pumps on health
outcomes (Table 1B). This frustration extended to health providers and clinics where
participants cited that they did not feel supported in diabetes technology use. Participants
also discussed the pragmatic nature of the business of diabetes.

That’s a big thing for the AP [artificial pancreas] systems. | guess what would they
do to get insurance companies? What studies would they do to demonstrate that

the insurance companies would save money through the better control of the A1C’s
that would come through the use of the AP.

Insurance-level themes

Insurance was discussed in six distinct constructs (Table 1C). The majority of the
participants were matter of fact in their discussion of need for insurance in order to
accomplish any type 1 diabetes management. Additionally, many participants discussed the
perceived barriers to preferred or optimal type 1 diabetes care with public insurance.

Medicare doesn’t even cover CGMs. Unless there’s an overwhelming pivotal study
that shows that the outcomes are so much better, they’re going to try to avoid it at
every turn. And AP is going to be for people that have money.

Although many participants discussed the need for insurance to cover type 1 diabetes
supplies without a positive or negative valence, when a valence was expressed, it was
often negative. Participants discussed that they feel like insurance often dictates diabetes
technology management of type 1 diabetes and that the covered management is not in line
with patient or family preference, provider recommendations, or most up to date research.

My current insurance company doesn’t even provide great coverage for my CGM,
so | wouldn’t imagine that they would be jumping right onboard with a closed loop
system right now.

Participants reported times when health risks were taken in order to gain coverage.
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I’ve got people who are in the Kaiser system who either had to manipulate their
blood sugars to prove that they go low by giving themselves extra insulin and who
are still fighting to get covered.

3.41 Interpersonal-level themes

All groups discussed the impact of type 1 diabetes and automated insulin delivery cost on
their relationships with their family (Table 1D). The discussion for costs on others varied
by the group, particularly by parents. Partners, adults and youth all noted that healthcare
coverage has helped offset costs of type 1 diabetes management and extrapolate this prior
experience to what they may expect to see with the incorporation of automated insulin
delivery in the future.

We’ll cut corners in other places. Cost isn’t an issue for us. Fortunately, | can say
cost isn’t an issue for us.

While adults, partners and youth discussed the guilt associated with the expense of type 1
diabetes on the family, parents never discussed this theme.

Well, obviously | wouldn’t be paying for it. I’'m 13 and | have about 20 bucks
and that is about it. But | probably wouldn’t want to get anything that was too
expensive because if it costs a lot, | would feel really guilty. | don’t know I just
wouldn’t—because diabetes already costs more than not.

3.51 Individual-level themes

Nearly all participants consistently reported weighing the perceived costs of initiating
automated insulin delivery systems with its perceived benefits (Table 1E). They did so by
undertaking a thought experiment of a cost—benefit analysis when considering initiation of
automated insulin delivery. Although the discussion of conducting a cost—benefit analysis
was ubiquitous, participants differed in which factors they considered to be important and

in their conclusion of the analysis. Some concluded that the perceived benefits of automated
insulin delivery, consistent with observed benefits from other diabetes technology, are so
invaluable to diabetes care that the cost of automated insulin delivery is a non-issue and that
automated insulin delivery is, in short, worth any cost they may pay.

I would sell my house, wouldn’t matter, honestly. | would do whatever | had to do.

Others discussed that they anticipate the costs to be too great to consider adopting
automated insulin delivery in the future, stating that affordability is an imperative part

of considering initiation of automated insulin delivery systems. In these participants,
while some participants stated that they would not adopt automated insulin delivery
systems unequivocally due to perceived cost, others qualified their affordability statement
by discussing that the efficacy of automated insulin delivery systems may increase the
likelihood of use.

How much better is this; so the value compared to your alternative options it sounds
like. Others are doing pretty well without the expensive stuff right now. Personally,
I think I stand to gain a lot with something like this and so it depends on how well
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does it work compared to what | am doing right now. And would | be willing to
pay? Well it depends on how well it works.

Burden of cost was also considered in more concrete terms such as one-time initiation and
monthly maintenance out of pocket costs.

If we had to pay for it out of our own pocket, [Name] wouldn’t be having the
quality of life she does now.

Across the groups, percentage agreement between raters ranged from 86.7% to 93.8% and
Kappa coefficients ranged from 0.43 to 0.64 indicating moderate agreement (Table S1).
Moderate agreement means that different raters might reach different interpretations of the
underlying data, but that there was an important overlap between raters’ endorsements. The
strength of the kappa coefficients of agreement = 0.01-0.20 slight; 0.21-0.40 fair; 0.41-0.60
moderate; 0.61-0.80 substantial; 0.81-1.00 almost perfect.

41 DISCUSSION

We report that monetary and non-monetary cost considerations were important in automated
insulin delivery uptake for all four stakeholder groups, spanning the individual, their
family and society at large. As diabetes technology becomes more advanced and effective,
understanding the lived experience and cost considerations of automated insulin delivery
systems is necessary to ensure equitable access and uptake. Participants reported their
prior experiences with diabetes technology shaped their perception of automated insulin
delivery adoption. The current findings extend prior reports of financial considerations19-17
to demonstrate a broad consensus that cost, as experienced by stakeholder groups, is not
only a monetary issue but also includes non-monetary costs such as time, energy, costs to
society, morality and interpersonal relationships. A detailed understanding of the nuances
of monetary and non-monetary cost in the uptake of automated insulin delivery offers
important insight on strategies to bridge the disparities seen in diabetes technology use.®

Themes such as affordability or a sense that diabetes technology is priceless describe
individual-level themes, whereas the concern about the monetary cost of diabetes technology
on family finances describes interpersonal themes. Insurance themes discussed the strong
relationship between insurance coverage and diabetes technology access. Participants
discussed the perception that public payers appear to require an overwhelming amount of
evidence before they would reimburse and cover diabetes technology. This perception may
stem from the lag time in covering diabetes technology that is particularly common with
public insurers.13-15 The broadest themes that were discussed were organizational themes,
such as the business of diabetes, and policy themes, such as access to diabetes technology
for all.

Monetary and non-monetary cost as a stressor was discussed across all thematic levels
(from policy-level to individual-level consideration) and by all stakeholder groups. The
management of type 1 diabetes carries psychosocial burden, namely an increase in diabetes-
related distress.16:23.24 These data underscore the contribution of cost to the psychosocial
burden of type 1 diabetes given that cost as a stressor was discussed across all thematic
levels and by all stakeholder groups. Our findings support addressing non-monetary cost for
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all stakeholders involved in an individual with type 1 diabetes. Incorporating discussions
about guilt around type 1 diabetes cost, time spent with payers, taking health risks for
coverage and insurance-related barriers during clinical encounters with youth and adults
with type 1 diabetes and their families may be yet another way to decrease the psychosocial
burden of type 1 diabetes.

The themes outlined in this study offer healthcare providers important insights on monetary
and non-monetary cost concerns among their patients. For example, healthcare providers
may overestimate financial cost of device and supplies and the impact of insurance coverage
as barriers to device use. These misunderstandings can obstruct shared decision making
and limit discussions about newer technologies that may have a clinical benefit.1” Although
monetary cost is a concern for many families, many also report wanting to weigh the

pros and cons themselves and in collaboration with their providers in their decision to

start diabetes technology. Understanding this can allow medical teams instead to invest

in resources to help families access technologies, assist in overcoming insurance barriers
and have collaborative discussions with patients regarding their perceptions about cost as a
barrier to diabetes technology uptake.

These data offer insight into the other aspects of non-monetary cost that stakeholders
consider such as equity and access, cost to their relationships and time spent on assuring
type 1 diabetes coverage. The time lost in phone calls and outreach to insurance companies,
pharmacies and doctors’ offices to secure covered diabetes devices is itself a non-monetary
cost of diabetes technology use. However, it is important to consider that inherent to
spending this time required is a certain amount of health literacy to navigate the medical
system as well as flexibility to make lengthy phone calls during standard business hours and
work hours without threat to job and financial security. In addition to insurance coverage and
monetary costs, these non-monetary costs (time spent) as well as health literacy are barriers
to equitable care.

Interestingly, all stakeholder groups discussed the importance of equitable access to
advanced diabetes technology as an important ethical principle and consideration in the
integration of diabetes technology into the mainstream management of type 1 diabetes.
Although equitable access was discussed, many also felt that diabetes technology is worth
any monetary cost while acknowledging equitable access for all is limited by finances. Even
among families who could more easily afford costs associated with diabetes technology,
concerns about equity, accessibility and cost impacts on the overall diabetes community
were important. Studies have demonstrated that disparities in diabetes technology exist by
race/ethnicity89-2% as well as by socio-economic status.8 The policy-level themes that were
discussed underscored the fact that adoption of new technology first occurs by those of
higher socio-economic status.28:27 If cost as a consideration for technology uptake is left
unaddressed, risks of widening gaps in diabetes outcomes through disparities in access
exist. Our interpretation of these data offers an easy-to-understand framework for making
technology accessible, thereby promoting wider diabetes technology incorporation and
addressing the multiple dimensions of costs associated with a chronic illness.
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Although nearly all themes were consistently expressed across the stakeholder groups,
insurance-level barriers and guilt of type 1 diabetes cost were expressed differently by

the parents of youth with type 1 diabetes. Parents reported more insurance concerns
including time spent with insurance companies to receive benefits and coverage, which is
characterized as a hidden cost of gaining access to diabetes technologies. Parents never
reported guilt around type 1 diabetes cost despite the three other stakeholder groups’
discussions about guilt. However, excepting these two discrepancies, the remainder of the
themes expressed was consistently discussed across the stakeholder groups, indicating that
cost considerations were important irrespective of the stakeholder group.

Overall, there were high levels of inter-rater agreement about the mutual presence of
themes in stakeholder accounts as well as mutual absences. We report Kappa coefficients
indicating moderate agreement (0.43-0.64). Kappa coefficients account for raters’ agreeing
by chance and are conservative measures of inter-rater agreement that may result in lower
levels of agreement when there is heterogeneity among the possible codes as well as
discrepancies in the coding segment size.28 Given the small sample of segments evaluated
in Kappa calculations, near perfect rater agreements are not reflected and more granular
considerations of data would likely elevate the Kappa coefficients.

Therefore, in addition to more standard evaluation of Kappa coefficients, qualitative research
may be assessed by methodological and interpretative rigor evaluating research reliability,
credibility and trustworthiness. Methodologically, the study sample is adequate and the
research question and analyses are valid. Detailed documentation of the analysis process
enhances replicability. External credibility and reliability are supported by researchers’
engagement with the subject matter, raters’ discussion regarding the complexity of the
themes identified, and observations of similar experiences among patients and families
served by our research team with rich research and clinical expertise. Our team approach
and possibilities for triangulation both across researchers and across theoretical frameworks
enhance the analytic generalizability of our model.2%:30

The material and non-material elements of costs surfaced in this study are consistent with,
though not identical to, healthcare access, insurance and psychosocial themes discussed
in other research.27:31.32 The interwoven and complex nature of how people with type 1
diabetes and their families experience costs lends credibility to the study findings. Though
this study is a secondary analysis, the insights provided here suggest future areas of
exploration when trying to assist such families as they cope with their diagnoses and
management. The multiple dimensions of costs discussed by stakeholder groups cannot
readily be identified by survey or quantitative research, but may help develop scales for
future assessment of multidimensional cost impacts among similar stakeholder groups.

Limitations of this study include the secondary nature of these analyses. While cost and
insurance matters emerged consistently during data collection, exhaustive monetary and
non-monetary cost questions and follow-up probes did not occur in most focus groups.

This limitation is partially mitigated by the variety of stakeholder responses available in the
dataset as well as by the pervasiveness of cost and health financing matters across all groups.
Representativeness limitations stem from concerns inherent to qualitative research; however,
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qualitative research is an established method used to highlight and understand patterns of
experience and expression across humanity and is especially useful for developing new
theories or exploring underappreciated phenomena.33 Generalizability and the potential for
sampling bias exist given that our study sample was predominately non-Hispanic white
race/ethnicity and had higher levels of both pump and CGM use. The qualitative data were
anonymized before we analysed the data and thus, we are not able to differentiate between
responses from participants in the United Kingdom versus those in the United States nor by
type of technology used. In addition, analyses did not account for participants’ geographical
location (the United States versus the United Kingdom, or across different states/regions
within each country). Findings may have varied based on state- and country-specific
policies on insurance coverage and healthcare that may have influenced perceptions of cost.
However, the research team's combined experience with this population contributes to their
confidence that these data of costs raise important matters worthy of further exploration and
discussion among diabetes researchers and practitioners.

51 CONCLUSIONS

Cost considerations for diabetes technology uptake extend beyond finances alone to include
time, energy, insurance and relationship domains. Cost plays a role in contributing to disease
management stress and logistics as well as one's attitude and uptake of technological
advances in diabetes care. Cost also reflects an important moral principle tied to the

shared desire for equitable access to diabetes technology. Knowledge of these considerations
can help clinicians and researchers to promote uptake and anticipate barriers to diabetes
technology use and is one strategy to bridge disparities in automated insulin delivery uptake
for persons living with type 1 diabetes and their families.
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What is already known?
. Diabetes technology is associated with improved diabetes outcomes.

. Cost is a modifiable barrier to diabetes technology use, but little is known
about the nuances of cost considerations.

What this study has found?

. We applied the Social Ecological Model in the interpretation of five thematic
levels of cost.

. Cost considerations for diabetes technology uptake extended beyond finances
to include time, cost to society, morality and interpersonal relationships.

What are the clinical implications of the study?

. Knowledge of cost considerations can promote equitable device uptake while
anticipating barriers for all persons living with diabetes.

Diabet Med. Author manuscript; available in PMC 2022 October 01.
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FIGURE 1.
Theoretical framework of cost consideration themes reported by stakeholder groups
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