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Abstract
Purpose  People living with Type 1 diabetes (T1D) are living longer than ever and facing the new “luxury” of the challenges 
of aging. While research is slowly expanding and addressing T1D physiology with regards to aging, there is little research 
addressing specific challenges and barriers to optimal care by those aging with T1D. To address this gap, this study employed 
human-centered design research to explore the gaps and barriers to care faced by people aging with T1D.
Methods  Researchers employed human-centered design methods of needfinding and user interviews and facilitated partici-
patory workshops. In total, 27 people with T1D (PWT1D), 5 loved ones (partners of PWT1D), and 7 healthcare providers 
(HCPs) were engaged.
Results  Design artifacts were developed, including user personas that help visually articulate the different experiences of 
PWT1D and their unique needs as they age, as well as a prototype diabetes-specific advance directive that could be further 
refined to specifically aid those with Type 1 diabetes who are aging and requiring more interactions with the healthcare 
system. Initial user testing with people with T1D as well as healthcare providers demonstrated the need for such a diabetes 
advance directive tool or document.
Conclusion  This work supports the conclusion that additional focus and scientific enquiry should be given to the needs of 
people aging with Type 1 diabetes, with a goal of improving the experience of all people with T1D when interacting with 
their care providers or with the healthcare system as a whole.

Keywords  Type 1 diabetes · T1D · Aging · Advance directive · Diabetes advance directive · Care planning · Diabetes self-
management · Diabetes · Patient and public involvement
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Introduction

Fifty years ago, a diagnosis of Type 1 Diabetes (T1D) often 
meant a shortened life span compared to people without dia-
betes [1]. Insulin was made from animal sources; blood sugars 
were determined daily by crude urine test measurements and 
there was no definitive knowledge of the best course of treat-
ment or standards of care. Yet today, because of extensive 
scientific research and the development of better insulins, 
advanced technologies such as insulin pumps and continuous 
glucose monitoring systems, those living with T1D can be 
expected to live a full and long life. However, now individuals 
with T1D are facing other issues that often arise with aging. 
This situation is not dissimilar to the challenges faced by HIV 
patients and their healthcare professionals, where it may be 
seen as a “luxury” to deal with the complications of aging [2].

Even with ideal glycemic management, people with Type 
1 diabetes can develop aging-related conditions, often dec-
ades ahead of people without diabetes [3, 4]. These addi-
tional complications, concomitant conditions, loss of life-
long partners and friends, increased vulnerability to stressors 
and changes in physical abilities all contribute to a strain on 
their quality of life[5]. Quality of life is also impacted by 
financial concerns such as costs of insurance, medication, 
and caregivers [6].

These increased burdens are likely to increase, as the 
population living with diabetes increases worldwide. It is 
estimated that 1.6 million Americans are living with Type 
1 diabetes [7], and an additional 64,000 Americans are 
diagnosed each year with more than 5 million Americans 
expected to be living with T1D by 2050 [8]. This does not 
include estimates of T1D as a complication of emerging 
diseases such as COVID-19 [9], the development of which 
could continue to expand the population of people living 
with T1D at greater rates than previously estimated. We need 
to begin to seek to understand T1D age-specific needs as 
individuals live longer than ever.

While the study of aging is not new, little research has 
been published specifically assessing the needs and chal-
lenges of individuals aging with Type 1 diabetes. As 
Bispham et al. found in a review of the aging literature in 
T1D, recent studies have identified an association between 
cognitive impairment and glycemic variability, as well as an 
increased risk and frequency of hypoglycemia in older adults 
with T1D. However, limited research exists about additional 
physical or mental health conditions, and the barriers to suc-
cessful treatment in this population have not been addressed 
[10]. Recent studies have shown that there is a correlation 
with glucose control to mental sharpness and physical coor-
dination decades later, with the combination of non-optimal 
glucose control, hypoglycemia, and high blood pressure con-
tributing to an estimated 9.4 years of premature aging [11]. 

Additionally, much of this research on longevity of Type 1 
diabetes and the complications related to glycemic outcomes 
is correlated with the landmark DCCT study, which stud-
ied people with diabetes (PWD) 1982–1993 [12],in which 
diabetes technology was markedly different. As such, the 
population of people aging with Type 1 diabetes might ulti-
mately involve multiple sub-groups, influenced heavily by 
glycemic outcomes early on in diabetes experience, and fur-
ther research is needed.

This paper seeks to describe recently initiated user need-
finding[13] and empathy research with this population of 
people aging with Type 1 diabetes; the resulting develop-
ment of user-centered design artifacts, for example an expe-
rience map that pinpoints all the locations of where a person 
with Type 1 diabetes (PWT1D) would communicate about 
their Type 1 diabetes, which helps articulate the different 
experiences of individuals with Type 1 diabetes and their 
unique needs as they age. This paper also describes a proto-
type diabetes advance directive that could be further refined 
to specifically aid those with Type 1 diabetes who are aging 
and requiring more frequent interactions with the healthcare 
system.

Methods

In order to understand the experiences of people living with 
Type 1 diabetes, we employed human-centered design meth-
ods[14] of needfinding[15] and user interviews, and facili-
tated participatory workshops on topics related to aging with 
type 1 diabetes. In total, 27 people with T1D (PWT1D), 5 
loved ones (partners of PWT1D), and 7 healthcare providers 
(HCPs) were engaged through this research.

For recruitment, volunteers with expertise in Type 1 dia-
betes and aging, and staff from the University of Califor-
nia San Diego (UCSD) Diabetes Design Initiative (DDI), 
identified people with Type 1 diabetes as well as subject 
matter experts and clinicians in diabetes and aging to par-
ticipate in the various stages of the project. This research 
was reviewed by UCSD’s IRB and found not to be human 
subjects research.

Prior to our initial user interviews (n = 13) with PWT1D, 
we sought to collect quantitative and qualitative data on 
lifestyles and diabetes management of the participants. The 
survey was a short Google Form [Google, Mountain View], 
with questions on their profession, age, confidence in utiliz-
ing diabetes technology, if participants have caretakers or 
caregivers, existing health conditions, active medications, 
and experiences with healthcare. In this context, a caregiver 
of a PWT1D may share in the responsibilities of and deci-
sions with the PWT1D, ranging from daily assistance to 
occasional and as-needed help. Examples of caregivers 
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include anyone from a spouse or adult child to auxiliary 
HCP or a paid caregiver, whether occasionally or full-time. 
The initial survey questions were created with the intent of 
establishing a contextual foundation of participants’ medi-
cal conditions, healthcare, and diabetes management. Out 
of the 13 participants who participated in the interviews, 11 
also responded to the survey. Survey results were analyzed 
manually, with facilitation from Google Form’s automated 
response summary function.

Interviews were conducted in a semi-structured[16], 
one-on-one format. We employed the Expert-Apprentice 
model approach to interviews, which is a form of contex-
tual interviews[17] that involves the assumption that the 
target user is an expert at a subject. The goal of this method 
of inquiry is such that interviewees tell stories from which 
researchers can distill important facts and key insights. 
Interview topics covered technology usage, diabetes man-
agement, planning for aging, and community support. 
Participants were also asked about hypothetical scenarios 
since our research interest involved planning for the future 
and the topic of aging, and not all participants had nec-
essarily faced aging or addressed the issues of their own 
aging directly. The goal for these topics was to allow par-
ticipants to reflect on what they perceive would be future 
challenges in aging and Type 1 diabetes, and to identify 
possible gaps in the area of aging with Type 1 diabetes. 
The interviews were recorded through Zoom [Zoom, San 
Jose] cloud recordings with the permission of the partici-
pants, and coding of the interviews was performed follow-
ing the completion of all interviews.

In addition to the primary research with PWT1D (n = 13), 
we also initially interviewed an expert from the Joslin Dia-
betes Center to gain additional insights to the experiences 
of PWT1D when they interact with the healthcare system.

While interviewing people with T1D was imperative to 
our initial progress, we additionally conducted an online 
participatory workshop, hosted on Zoom, for a new group 
of PWT1D (n = 4) and their loved ones (n = 5). Our research 
goal rested on our need to find recurring patterns among our 
participants in order to find connections between the needs 
of PWT1D, their overall community, and their loved ones. 
We structured our workshop to have two separate break-
out rooms where we separately explored the needs of our 
two user groups: PWT1D and their loved ones. We utilized 
Miro [Miro, San Francisco] as our collaborative tool dur-
ing the virtual workshop, where activities were conducted 
with the help of facilitators. For PWT1D, participants were 
asked to complete a milestone activity to allow researchers 
to understand how life trajectory and events might influence 
health and diabetes care. The milestone activity asked par-
ticipants to identify major life events related or unrelated to 
their diabetes journey and it included a display of a timeline 

with empty sticky notes for participants to fill out. Partici-
pants filled out their stack of sticky notes with life events 
and placed them onto the timeline. For the loved ones, they 
were asked to participate in a Mad Libs activity, similar to 
a fill-in-the-blank. This activity was conducted to provide 
the research team with a clearer understanding of how loved 
ones approach providing care and support to their partners 
living with T1D.

From the interviews, each interview was recorded through 
Zoom and later transcribed by Otter.ai [Otter.ai, Mountain 
View]. Each team member made notes for each interview, 
and each key idea was grouped roughly to generate themes. 
We summarized these findings into an affinity map, where 
qualitative data was grouped together thematically to create 
a digestible summary of the primary data. We also devel-
oped two personas [18] based on our data synthesis.

Moving from the discovery phase of this research, 
we sought to further understand the specific relationship 
between PWT1D and their health care providers (HCPs). 
We conducted additional one-on-one user interviews with 6 
PWT1D (5 new participants, and one prior participant from 
the original n = 13 exploratory interviews) and 3 HCPs. 
Recruitment of the participants was again made possible 
through UCSD DDI, who provided researchers with an 
additional list of possible participants. These interviews 
focused on addressing the key theme that emerged from 
the discovery phase of research, which was the concern 
of people with T1D about diabetes management and per-
ceived control of management when interacting with the 
healthcare system and different types of healthcare provid-
ers, plus the concern of differing levels of experience that 
various HCPs have with T1D. These interviews focused 
on gathering insights about PWT1D experiences and their 
early opinions on developing a design solution that would 
support an identified gap between HCP and PWT1D: a 
diabetes advance directive. Interview topics also ranged 
from the relationship between PWT1D and HCP, conflicts 
PWT1D had experienced in past healthcare encounters, 
struggles of being a PWT1D and facing aging. Like the 
discovery phase interviews, these interviews were recorded 
through Zoom cloud recordings with the permission of the 
participants.

From these interviews, we again used identical user 
research methods for coding the data using transcripts 
(recorded through Zoom, then transcribed with Otter.ai) then 
inputting and organizing using affinity diagrams and clus-
ters (e.g., actions, beliefs, histories, etc.) into a Miro board. 
These clusters were grouped around goals that relate back to 
the previously identified gaps and insights. After developing 
higher-level themes, potential solutions were then assessed. 
Using brainstorming activities (such as Crazy 5, Worst Pos-
sible Ideas, and Brainwriting), we identified that one of the 
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potential solutions would be a diabetes-specific health care 
directive, or “diabetes advance directive”.

After developing an initial diabetes-specific care directive 
document, which we call a diabetes advance directive, we 
performed one-on-one user interviews with an additional 
group of 6 PWT1D (5 new participants, and another prior 
participant from the original n = 13 exploratory interviews) 
and 3 more HCPs. With our interviews, we prepared a work-
flow of an illustrated hypothetical and a proposed diabetes 
advance directive. The workflow is a comic-based spread 
that visualizes how the diabetes advance directive would 
be used in a hospital setting, from being admitted with the 
diabetes advance directive in hand, to the HCP understand-
ing the needs of the PWT1D and bringing in their endo-
crinologist into the conversation. Within the interview, we 
also tested using two different tones for the diabetes advance 
directive, with either formal/legal or patient-centered infor-
mal language. We made iterations to the diabetes advance 
directive after each interview, including changing sections of 
the diabetes advance directive (i.e., removing list of medica-
tions, etc.) and employing additional A/B testing [19] with 
ideas like bolded or unbolded and with-highlights or with-
out-highlights. Our usability test [20] included questions on 
general thoughts on a diabetes advance directive, the length 
of the document, the tone used, etc.

Similar to the previous user interview processes, we ana-
lyzed these usability interviews by making notes after the 
recordings (Zoom) were transcribed with Otter.ai. However, 
for the usability testing interviews, the transcript was also 
copied into Dovetail to highlight quotes from interviewees 
and categorize insights that were important or recurring 
points. Using the ‘Insights’ option on Dovetail [Dovetail, 
Sydney], we reviewed our highlighted quotes to group 
together into an ‘Insight’ that we thought was a major 
theme. An example of a theme: “In general, PWT1D pre-
fer one-page documents over lengthier and wordier docu-
ments because they believe that HCPs will not spend a lot 
of time reading them.” Direct quotes from the interviews 
were tagged to these major themes as supporting evidence.

Additionally, an affinity map [21] was developed to for-
mulate our ideas visually, where our core themes that we 
developed had quotes and ideas from the user interviews. 
The data gathered from interviews was also used to create 
two personas, one each representing a person with Type 1 
diabetes (see Fig. 5, Appendix) and a typical healthcare pro-
vider (see Fig. 6, Appendix) who might encounter a person 
with Type 1 diabetes. For this set of personas, the person 
with Type 1 diabetes is someone who is troubled or con-
cerned by their interactions with a new healthcare provider, 
whereas the healthcare provider is concerned about the lack 
of available time for a healthcare encounter with a person 
with Type 1 diabetes, as well as realistic about their lim-
ited experience supporting people with Type 1 diabetes. To 

expand on the possibilities of uses that follow the illustrated 
hypothetical workflow used during user interviews, we used 
an experience map [22] to detail the user journey and the 
ideal use cases. It is designed to be concise with specific 
locations that are touchpoints in which the diabetes advance 
directive can be used, showing the entire process from learn-
ing about diabetes advance directive to using the diabetes 
advance directive in a healthcare encounter.

Results

Based on our survey sent out prior to the initial interviews to 
assess people’s experiences interacting with the healthcare 
system, we found that for the 11 participants (average age 
of 62; see Table 1), the average rating for level of comfort 
when using technology was a 7 out of 10. When asked about 
whether they have a caretaker, which we left it up for the 
participants to interpret the term “caretaker”, 8 out of 11 
said they don’t have caretakers. We also asked them how 
they would describe their experience with the healthcare 
system, and one of the common terms described was “frus-
tration”, but there were also words such as competent and 
satisfactory. This indicates a high level of diversity in terms 
of experiences people with Type 1 diabetes have when inter-
acting with the healthcare system. From the survey, we also 
found that many of our participants have other medical con-
ditions such as arthritis, hypothyroidism, and retinopathy. It 
is worthwhile to consider that people are self-reporting these 

Table 1   Results from an initial survey assessing demographics of 11 
of 13 individuals participating in interviews regarding experiences 
with type 1 diabetes, aging, and interactions with the healthcare sys-
tem

Demographic Categories Count Percentage

Gender
  Female 7 63.6
  Male 4 36.4
Age
  18–24 0 0
  25–34 1 9.1
  35–44 0 0
  45–55 1 9.1
  55–64 2 18.2
  65 +  7 63.6
  not specified 0 0
Ethnicity
  Euro-American/Caucasian 10 90.9
  African American 0 0
  Hispanic/Latino(a) 0 0
  Asian American 1 9.1
  Other 0 0
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statistics, although studies have shown that self-reporting is 
relatively accurate [23].

A common pattern we discovered through our interviews 
revealed perceived HCP indifference to new technologies 
and tools presented by their patients. Care providers may 
be unaware, unskilled, and even intimidated when exposed 
spontaneously in patient encounters to new diabetes tech-
nologies, given their limitations in resources and respective 
attitudes towards meeting their patient’s specific needs. A 
patient who visits their provider with intentions of intro-
ducing a fascinating tool that they’ve successfully relied on 
over time to manage their diabetes may find themselves at a 
crossroads with a HCP who may not be as receptive to the 
tools, especially if the HCP has not been previously trained 
on that particular technology.

Based on the 13 initial semi-structured interviews, we 
synthesized our findings into two personas. Personas are 
fictional characters, which are created based upon previ-
ous research findings in order to represent the different user 
types that might use a service, product, site, or brand in a 
similar way. The first persona can be identified as someone 
who is tech savvy and proactive in their diabetes manage-
ment. In the fictional character/persona of Sam (see Fig. 1), 
they are someone with the goal and interest of being in 
control of management, especially in the context of being 
under care of a health care provider during doctor visits. He 
is also interested in being knowledgeable of new diabetes 
technology and research, such as open source automated 
insulin delivery. Being physically able to maintain healthy 
exercise and management routines as well as enjoy outdoor 
hobbies and activities and staying with their primary care 
doctor, endocrinologist, and other care providers long term 
are important to them. Some pain points and concerns they 
might have included the inability to access some advanced 
tech as a result of FDA regulation or other barriers, los-
ing control over their diabetes care management (as when 
hospitalized or cognitive issues from aging), the increas-
ing amount of complications due to aging, and posing as a 
source of burden for their family.

The second persona and journey represent someone who 
is less comfortable with technology and cares a lot about 
simplicity. These characteristics can be personified through 
the persona of Avery (see Fig. 2), and her goals and inter-
ests might be to prioritize prevention of health complica-
tions, staying consistent with her way of managing diabetes, 
minimizing the effects of her conditions, and enjoying time 
with family. Her concerns and pain points would be more 
associated with losing control over the daily management 
process due to unexpected health conditions that may arise 
in the future such as cognitive impairment. She might be 
concerned with losing her support system, and not having 
enough knowledge about the latest technology and research, 
as well as dealing with the healthcare red tape and the 

time-consuming steps that may prohibit immediate access 
to types of care and treatment.

Avery represents a demographic that does not rely on 
advanced technologies to manage their health and is none-
theless proactive in managing their diabetes. Her priorities 
are less focused on exploring the potential of new technolo-
gies and research, and more about practical needs, focused 
on prevention and minimizing long term negative effects of 
diabetes and aging to prevent major health complications in 
the future. Even with the absence of new technologies, peo-
ple like Avery have adopted their own daily management and 
care, which has served them well over the years. Because of 
this self-adopted structure, aging poses instability that may 
affect Avery’s sense of security and comfort in her process 
of maintaining her diabetes management practices as they 
age.

In contrast to the persona of Avery, Sam, a person aging 
with Type 1 diabetes, represents PWT1D who rely heavily 
on advanced technologies to maintain control and manage 
their diabetes. He is, in particular, a self-proclaimed tech-
enthusiast fascinated by the newest diabetes technologies 
and emerging research. People like Sam have devoted time 
and resources over time to learning new technologies and 
integrating them into their daily lives. Because of this exten-
sive commitment, people like Sam fear that chronic and 
acute health complications that come with aging may disrupt 
the sense of control and independence they have developed 
over the years. People like Sam, who have associated control 
with technology, may require external care management that 
is adaptable and inclusive to these advanced tools. In the 
presence of complications, people like Sam may attempt to 
seek assistance to operate their tools, which may require 
more resources to find compatible caretakers and or caregiv-
ers. (In Fig. 3, see a comparison between the personas of 
Sam and Avery, and how the source of their chosen support 
differs.)

From the interviews and usability test that we conducted 
following the initial exploratory research, the design work 
also resulted in a document titled the Type 1 Diabetes 
Advance Directive, a one-page document detailing the dia-
betes management, wishes, and preferences for shared deci-
sion-making for PWT1D (see Fig. 4). The document aims 
to improve the quality of care for PWT1D in a healthcare 
setting by providing patients with an ability to initiate and 
engage in shared decision making with autonomy, ultimately 
initiating a conversation with healthcare providers in health-
care settings to improve the quality of care received by the 
person with Type 1 diabetes.

From our user-testing interviews, we sought feedback 
from three HCPs from highly accredited medical institutions 
about a diabetes-specific advance directive document. Phy-
sician A, [Endocrinologist, Stanford Health Care], claimed 
that due to their already-existing hospital-wide database 
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system, supplemental self-documented reports from patients 
would not be necessary or useful. This physician bases their 
claim on their interaction with an institutionally backed 
technology that they trust as secure and effective in archiv-
ing patient documents and records. While this presents an 
impressive outlook, we must be cognizant of the context that 
this physician operates within, which is a highly endowed 
and reputable university. Not all PWT1D have proximal nor 
financial access to enter such facilities and benefit from its 

impressive resources. Based on this, how might the quality 
and outcome of care unfold for patients who are admitted or 
only have access to hospital settings that do not have well-
established and centralized database systems? Patients who 
want to take the initiative to present their own records may 
be faced with feelings of distrust and invalidation from the 
very institution that their wellbeing rests upon. Contrary to 
Physician A, our second physician, Physician B [Endocri-
nologist, University of California—San Diego], affirmed the 

Fig. 1   A persona of a person with Type 1 diabetes who is tech savvy and proactive in their diabetes management
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value of such a document or tool. Despite their institution’s 
sufficient resources, Physician B states that such a document 
would not present any redundancy to the care team. In fact, 
the more documents the care team has, the better they will 
be able to validate their decisions and course of treatment for 
the patient. Physician B also believes that such a document 
or tool would provide a sense of comfort for the patient, 
which, in turn, can help positively influence their interac-
tion and receptiveness towards their assigned care team, 

improving their overall quality of care relative to their own 
expectations.

Discussion

In order to understand the diverse backgrounds and experi-
ences of our group of participants living with Type 1 dia-
betes, our team conducted community-based participatory 

Fig. 2   A persona of a person with Type 1 diabetes who cares about simplicity with regards to diabetes management
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design research [24] methods to create an inclusive space 
for exploratory research to address the topic of aging with 
T1D with 27 PWT1D, 5 loved ones, and 7 HCPs. While 
the majority of existing Type 1 diabetes literature focuses 
on the physiology of T1D and aging [3, 10, 25, 26], our 
team addresses how physiological and biological factors also 
affect the psychological and social factors that play as criti-
cal determinants that shape the quality of life of people aging 
with Type 1 diabetes.

Through this research, we have learned that people who 
are aging with T1D rely on support from others for advocacy 
and validation, especially when interacting with the health-
care system and professional healthcare providers.

For example, diabetes technology such as continuous glu-
cose monitors, connected insulin pens, and insulin pumps 
can now provide real-time diabetes datasets [27] that can be 
shared with and interpreted by the patient’s care provider to 
help inform healthcare. While these technological resources 
have exponentially increased in its production and acces-
sibility in recent years, it is critical to avoid the assumption 
that every patient with T1D has consistent access to these 
resources [28]. Moreover, it is important to recognize that 
each PWT1D has a unique level of interest and capacity to 
manage their disease. Additionally, not all healthcare pro-
viders are trained to use the data from these devices, such 
as when a patient presents to primary care, urgent care, or 
emergency department for non-diabetes focused care needs 

[29]. There can be a mismatch in expectations of care [30] 
on both sides, depending on whether patients have access 
to these technologies or not [31], and whether healthcare 
providers are aware of the extent of these technologies’ role 
in their patients’ diabetes management. Further exploration 
should consider not only the hardware technologies them-
selves but also tangible recorded datasets and information 
that provide a comprehensive view of diabetes management 
and may also serve to leverage the patient’s credibility from 
the perspective of a care provider who is hesitant to interact 
with, or rely on data from, their patients’ diabetes tools.

Assuming that new technologies are the cure-all for this 
problem will prevent us from really understanding the root 
problem(s) of distrust and communication gaps between 
patients and healthcare providers. When proposing new 
solutions that are technically/technologically driven, it isn’t 
enough to create a functional tool if the overarching need is 
to improve physician–patient interaction [32]. New health 
management technologies also must have the potential to be 
structured with patient-centered design thinking and patient-
physician interaction [33] as its forefront objectives and take 
into account the power dynamics of various types of health-
care interactions and settings.

Aside from technology, human assistance and labor 
also come into play as external resources, especially when 
material resources are limited. Not only do online diabe-
tes community pages exist to serve as hubs for storytelling 

Fig. 3   A comparison between the two personas of individuals with Type 1 diabetes

798 Journal of Diabetes & Metabolic Disorders (2022) 21:791–804



1 3

and network building [34], but they also serve as a digi-
tal space to access tangible resources. A participant once 
recalled their inability to access refills for insulin supply, 
in which they were able to find through a proximal source: 
a community member they met online who had an excess 
supply of insulin. In this scenario, our participant depended 
on their virtual community to fulfill an urgent need that was 
stifled by bureaucratic delays [35]. Apart from urgent needs, 
social networks also have the power to build long-term 

relationships [36] where people can find support groups, 
potential advocates, and life-long friendships, greatly 
enhancing the quality of social life for people aging with 
T1D. With this noted, there are limitations to this resource 
[37] in that one must first build genuine relationships with 
strangers in order to build that trust in exchange for impor-
tant yet limited resources. This process takes time, effort, 
and energy especially within a digital space, which is an 
environment that one must first adapt to and learn how to 
navigate, and may not be accessible to all.

Fig. 4   An example prototype 
Diabetes Advance Directive, 
a one-page document detail-
ing the diabetes management, 
wishes, and preferences for 
shared decision-making for 
people living with diabetes
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With regards to specific concerns around aging with T1D, 
a perceived loss of control was marked as the prominent con-
cern for our T1D participants when envisioning the course 
of their future. With the increased availability of diabetes 
technology, self-management (which is often described or 
alluded to as “control” by the healthcare establishment) is 
key for PWT1D [38]. Diabetes tools and general manage-
ment practices have increasingly allowed for PWT1D to 
achieve better clinical outcomes with diabetes. From being 
able to self-administer insulin dosages through their pre-
ferred tools, and to capture blood glucose data through the 
tools of their choosing, people with Type 1 diabetes are con-
cerned with losing this ability to control and have auton-
omy over their choices in their daily care and management. 
Aging poses further unpredictable physical, cognitive, and 
psychological challenges to people’s sense of control, dis-
rupting what they have built over time through daily habits 
and practices.

One of our youngest participants, a 30-year-old woman, 
described her relationship with Type 1 diabetes as an inter-
action with the “dual brain.” A second “dual brain” helps 
her manage her diabetes, and she worries that over time 
that she may lose the sense of control that this second brain 
has provided her. With loss of control, people may turn to 
external assistance and labor from friends or loved ones 
that may be trained to replicate this dual brain. However, 
the mere idea of handing their “dual brain” to an external 
source, such as a caretaker or even a physician, presents 
worry that these external sources, despite their textbook 
knowledge and empathy, will not have the time or capac-
ity [39] to properly replicate the personalized system that 
they’ve trained to perform for years, especially in real-
time. Additionally, when faced with an acute illness or 
situation such as an ER visit or hospitalization, planned or 
unplanned, there are additional scenarios where healthcare 
providers or the system set up by the healthcare system 
may seek to take control and management of diabetes from 
the patient, even if they are still equipped and fully able to 
self-manage daily diabetes tasks. This is a key source of 
friction between PWT1D and the healthcare system on an 
ongoing basis.

Our sample pool of participants (n = 27 PWT1D across 
all steps of this research) all had varying perspectives and 
backgrounds in their experiences and perceptions with Type 
1 diabetes and aging. Despite these differences, they were 
all anchored by their shared concern of losing control over 
their daily management routines and routes of care as they 
age over time. Based on our participants’ main common-
alities and differences, we were able to synthesize our par-
ticipant sample into two general yet distinct personas. The 

design research method of creating personas provides this 
study with fictional representations of our sample pool of 
participants, all who come from different walks of life yet 
share distinct characteristics and needs. Our two personas 
are distinguished primarily by their comfortability with and 
access to advanced technologies, as well as their capacities 
to plan for aging.

In comparison to Avery, Sam presents a vastly different 
set of challenges. Understanding a section of our demo-
graphic that has more experience with new technologies 
provides us with a valuable perspective on the true effec-
tiveness of technological tools in shaping quality of life in 
several aspects, not just in the physiological sense. Many of 
our self-proclaimed tech-savvy participants rely heavily on 
do-it-yourself (DIY) versions of highly personalized open 
source automated insulin delivery systems [40]. These sys-
tems leverage existing insulin pumps and continuous glu-
cose monitors (CGM) alongside an open source algorithm 
to adjust insulin delivery [41]. With the rise of DIY diabetes 
tools such as automated insulin delivery systems, we see 
more clearly the limitations of current commercialized tools 
[42] and the initiative many PWD have had to take [43] in 
order to meet their own specific needs. Through these DIY 
tools, we see a greater level of initiative and engagement by 
PWD than many healthcare providers typically expect. Part 
of the PWT1D community who have recognized that they 
are progressing into aging have created new social media 
groups to provide support for those who need it and know 
to seek it out.

However, despite their advances, this niche community 
has found challenges in communicating the power of their 
diabetes tools (DIY automated insulin delivery systems or 
even traditional standalone insulin pumps and CGMs) to 
healthcare providers and educators—in part due to the tradi-
tional structures of the healthcare system. Historically, new 
tools are developed by companies and rolled out with train-
ing to healthcare providers. More recently, advances in tech-
nology have made it possible for PWT1D to directly choose 
and adopt technologies before HCPs have gained their own 
experiences with them. Many HCPs, especially those who 
are not as knowledgeable and up to date in Type 1 diabetes, 
would have a learning curve[44] in order to establish valida-
tion in their patient’s self-reported needs relative to the tech-
nologies they heavily trust and depend on. This may prevent 
patients from feeling open and transparent about negotiating 
their comprehensive needs and expectations in their care, 
which may also cause tension in the overall HCP-PWT1D 
interaction.

Through a more general lens, HCP-PWT1D interac-
tion may also be complicated outside the emphasis of 
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special technologies. A common pattern we discovered 
addressed the invalidation that many of our participants 
experienced when presenting non-pre-existing injuries or 
concerns that become immediately justified as primary 
and sole result(s) of diabetes. This overgeneralization of 
new symptoms and signs may rule out other underlying 
conditions and may leave the patient feeling unaddressed, 
ignored, and even blamed, despite how well they man-
age their diabetes on a daily basis. This invalidation may 
cause PWT1D to deeply reflect on their trust on the over-
all healthcare system, leading them to question the com-
petence of institutions, their care providers, and estab-
lished protocols that are often prioritized over directly 
addressing individual patient needs.

PWT1D interact with the healthcare system in a number 
of ways, not just in planned encounters but also for acute 
and emergent healthcare needs. In understanding these two 
additional perspectives, we may discover potential oppor-
tunities to improve the patient experience through their 
interactions with nurses and other care providers, such as 
physician assistants, anesthesiologists, medical assistants, 
and social workers, and the various care settings they work 
within. This variability of care presents inconsistencies 
and misalignments between various health care teams and 
protocols and patient expectations, especially for those 
living with diabetes, which in turn may deepen distrust 
and uncertainty for people who may not receive consistent 
levels of care.

Limitations

While our study provides valuable insights into PWT1D 
attitudes about aging, there are some limitations to our 
findings. Our study utilized two convenience samples of 
people with diabetes who happened to be connected to 
or known to volunteer experts in Type 1 diabetes and/or 
staff from UCSD DDI. Neither sample used in the inter-
views or user testing are representative of the general T1D 
population. The lack of diversity might introduce bias to 
our data. However, this was not meant to be conclusive 
research, but used to narrow down the potential issues in 
Type 1 diabetes and aging and provide a starting point for 
potential design-related solutions that could and should 
be explored further, including with more representative 
groups of people with diabetes.

Due to our lack of access to non-physician care provid-
ers, our study does not include the perspectives of nurses 
and other non-physician care providers, who are still, 

nonetheless, highly involved in executing the patient’s 
course of treatment. Interviews with nurses of all licenses 
would be especially invaluable to future studies in that 
they have much more frequent and closer proximity to 
their patients and more direct forms of daily care and man-
agement, especially in terms of administering life-altering 
medication and fluids and performing basic life support 
procedures that are heavily tied to acknowledging the 
patient’s specialized orders.

Discovering which factors expand inaccessibility of 
diabetes technologies may bring clearer insight as to how 
different levels of inaccessibility affect the quality of the 
relationship and trust-building process that form between 
care providers and people aging with T1D.

Conclusion

People with Type 1 diabetes are now living longer and 
facing the new “luxury” of the challenges of aging. While 
research is slowly expanding and addressing T1D physiol-
ogy with regards to aging, there is little research address-
ing specific challenges and barriers to optimal care by 
those aging with T1D. To address this gap, this study 
employed human-centered design methods of needfind-
ing and user interviews to explore the gaps and barriers to 
care faced by people aging with T1D, including the devel-
opment of design artifacts such as personas and experi-
ence maps to help articulate the different experiences of 
individuals with Type 1 diabetes and their unique needs 
as they age. The study also resulted in the development of 
one potential new tool, a diabetes advance directive[45], 
that could be further refined to specifically aid those with 
Type 1 diabetes who are aging and requiring more fre-
quent interactions with the healthcare system. Initial user 
testing with people with T1D as well as healthcare pro-
viders demonstrated the need of such a diabetes advance 
directive tool or document. Future research should test 
this concept further with a variety of healthcare providers 
in a variety of care environments and care scenarios, in 
addition to testing with a more representative sample of 
people aging with Type 1 diabetes. This work supports 
the conclusion that additional focus and scientific enquiry 
should be given to the needs of people aging with Type 1 
diabetes, with a goal of improving the experience of all 
people with T1D when interacting with their care provid-
ers or with the healthcare system as a whole.
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Appendix

Fig. 5   A persona of a person with Type 1 diabetes who is troubled or concerned by their interactions with a new healthcare provider

Fig. 6   A persona of a healthcare provider concerned about the lack of available time for a healthcare encounter with a person with Type 1 diabe-
tes, as well as realistic about their limited experience supporting people with Type 1 diabetes
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