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ABSTRACT

Objectives Diabetes distress can negatively affect the
well-being of individuals with type 1 diabetes (T1D). Voice-
based (VB) technology can be used to develop inexpensive
and ecological tools for managing diabetes distress. This
study explored the competencies to engage with digital
health services, needs and preferences of individuals with
T1D or caring for a child with this condition regarding VB
technology to inform the tailoring of a co-designed tool for
supporting diabetes distress management.

Design We used a mixed methods design. We performed
a qualitative reflexive thematic analysis of semistructured
interviews of people living with T1D or caring for a

child with T1D, complemented by quantitative analysis
(descriptive statistics).

Setting 12 adults living with T1D who attended

diabetes centres or cared for a child with this condition
participated in semistructured interviews to collect
opinions about voice technology. They also responded to
three questionnaires on sociodemographics and diabetes
management, diabetes distress and e-health literacy.
Outcome measures Main: Patient experiences and
perceptions derived from the coded transcriptions of
interview data. Secondary: Quantitative data generated
from Socio-Demographic and Diabetes Management
questionnaire; Problem Areas in Diabetes Scale and e-
Health Literacy Questionnaire.

Results Five major themes were generated from the
participants’ interview responses: (1) Experience of

T1D, (2) Barriers to VB technology use, (3) Facilitators

of VB technology, (4) Expectations of VB technology
management in T1D, (5) Role of healthcare professionals
in implementing VB technology for T1D. Most participants
expressed a favourable view of voice technology for
diabetes distress management. Trust in technology and
healthcare professionals emerged as the predominant
sentiment, with participants’ current device type impacting
anticipated barriers to adopting new technologies.
Conclusion The results highlighted positive participant
views towards VB technology. Device use, previous
experience and health professional endorsement were
influential facilitators of novel VB digital health solutions.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study applies a robust methodological ap-
proach with a comprehensive analytical process,
incorporating reflexive field notes and thorough
triangulated codebook checks with researchers of
varied expertise.

= The transformative application of patient and public
involvement facilitated participatory-led research.

= The results of this study make a new contribution to
understanding the necessary competencies to en-
gage with digital health services and the needs and
preferences of people living with type 1 diabetes.

= A limitation of this study is the small sample size
which might have limited the ability to identify fur-
ther differences in perspectives on voice-based
technological interventions.

= Another limitation is that not all ages were repre-

sented in the sample of participants.

Further research involving younger people with T1D could
further contribute to the successful development of these
tools.

Trial registration number ClinicalTrials.gov,
NCT05517772.

INTRODUCTION

Type 1 diabetes (T1D) is a chronic disease
that impacts the subjective well-being and
quality of life of people living with this condi-
tion.' Diabetes management poses challenges
to daily life, including adherence to a dietary
and exercise regimen and glycaemia moni-
toring activities.” > Preventing and managing
health complications in TID is associated
with psychological comorbidities which can
negatively affect self-care behaviours, moti-
vation, perceived well-being and treatment
outcomes.” > One of the most frequently
reported psychological comorbidities in
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people living with T1D is diabetes distress. Diabetes
distress is an emotional state in which people experi-
ence stress, anger, guilt, denial and frustration resulting
from living with the burden of managing the condition
and preventing complications.”* Concerning some symp-
toms; it may not be separated from other types of stress;
however, its cause is different, derived from a complicated
diabetes treatment and diabetes complications and how it
is assessed (condition-specific questionnaires).* Diabetes
distress, therefore, has implications for diabetes manage-
ment outcomes.”

Medical treatment of TID has evolved in parallel
to technological advances, aiming to enhance disease
management and reduce its burden.' Furthermore,
digital resources have gained clinical interest for their
potential to address diabetes distress.® Pilot programmes
of these digital tools, developed and tested in field condi-
tions, have shown promise in reducing diabetes distress
and improving self-management behaviours.”

One such digital innovation is vocal biomarker analysis.
It refers to detecting acoustic or linguistic changes associ-
ated with disease symptoms.'” " Vocal biomarker analysis
is a promising technology that would enable continuous,
easy and non-invasive disease monitoring at a lower cost
than conventional healthcare." Since vocal biomarkers
do not rely on human-mediated measurements, they are
proposed to limit bias in medical judgement, enhance
comprehension of disease triggers and facilitate diag-
nosis and monitoring.'’ However, vocal biomarker anal-
ysis has technical challenges, such as, the verification of
the sound quality and managing environmental noise
which can vary depending on how the voice collection
was obtained."

The production of human speech requires close physi-
ological and neurological coordination between the func-
tions of the lungs and the brain.'” Therefore, alterations
in speech patterns can be indicators of health changes'**
and of psychological states.'” Vocal biomarker analysis has
demonstrated a good discrimination accuracy for depres-
sion (89.7%)." It involves complex algorithmic methods
for processing audio data that may detect subtle voice
changes associated with psychological disturbances.'® '’
The role of vocal biomarkers in detecting psychological
conditions is currently studied using artificial intelligence
methods for identifying voice characteristics associated
with psychological conditions among thousands of voice-
derived variables.'” **

For instance, in a case-control study including people
with diagnosed depression in ambulatory centres as the
cases and relatives of people attending those centres as
the controls, voice parameters were able to discriminate
between people with and without depression.'? Another
study focused on the utilisation of vocal biomarkers for
classifying stress severity in adults using a suicide help-
line. They identified 24 vocal patterns with high accu-
racy (area under the curve 97% (95% CI 96 to 98))
to cla;gify low versus increased psychological distress
levels.

There is no published research on vocal biomarkers
and diabetes distress. To fill this gap, our group, which
has already developed voice-based (VB) algorithms for
predicting acute (COVID symptoms)®' ** and chronic
conditions (fatigue),”® * is currently developing algo-
rithms on VB parameters to monitor diabetes distress.
This novel VB technology has already been studied for
detecting and monitoring other chronic conditions,** so
it may be helpful to diabetes distress management.

VB technologies refer to using the voice in digital
health applications.”” Despite the advantages of new tech-
nological solutions for disease monitoring, incorporating
this technology into patients’ daily lives may be chal-
lenging.” *® The ability to take advantage of technological
resources can differ substantially depending on the age,
gender and socioeconomic aspects of the users—creating
a phenomenon known as the ‘digital divide’, where partic-
ular demographic groups are excluded from the bene-
fits of technological advances.”?” To reduce the digital
divide, it is necessary to tailor digital health interventions
to all intended users to increase their acceptability and
facilitate adoption.?® #” Therefore, a fundamental step is
to explore potential users’ preferences before defining
aspects of VB technology design.”**

The main objective of this study was to gather infor-
mation for developing a co-designed VB digital health
solution for diabetes distress management based on the
competencies necessary to engage with digital health
services, needs and preferences of people living with T1D.
For that purpose, this study had three sub-objectives: to
delineate the properties that a VB digital health solution
for diabetes distress management must incorporate to be
considered adequate by its intended users; to determine
the attributes that would facilitate the integration of this
VB technology tool by its end-users into their everyday
lives and to identify potential barriers of use.

METHODS

Population

Participants were recruited from the paediatric and adult
diabetes clinics of two hospitals in Luxembourg and the
Luxembourg Diabetes Association using a convenience
sampling strategy. The recruitment process started in
June 2022 and finished in May 2023.

Inclusion criteria were having T1D or being a care-
giver to a child diagnosed with T1D, being 13 years
old or older, living in Luxembourg, being proficient in
English, German or French and having internet access.
All participants provided informed consent, agreeing to
answer online questionnaires, participate in a recorded
(video and audio) interview and publish their pseudony-
mised data. Participants were not compensated for their
participation.

Study design and procedures
The study employed a mixed methods design with a
concurrent transformative approach, collecting both
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quantitative and qualitative data simultaneously.” Patient
and public involvement served as a transformative factor
in this study, with a participatory research approach that
influenced all methodological decisions. This project
emphasised qualitative methods, with quantitative results
complementing the qualitative findings. Participation
involved completing three online questionnaires (quan-
titative data) and an online interview (qualitative data).

Participants were informed about the study by their
clinicians and in the diabetes association through flyers.
Interested people contacted the study’s research assistant
by telephone or email. Further details were published in
the study protocol.”

Online questionnaires

Socio-Demographic and Diabetes Management Questionnaire

We developed an instrument to collect age, educational
level and individual diabetes management information.
Two volunteers from the Luxembourg Diabetes Asso-
ciation piloted it. It was available in adult and caregiver
versions, containing 9 and 11 items.

Problem Areas in Diabetes Scale

This questionnaire is validated and measures diabetes-
related emotional distress. It covers a range of negative
emotional states, such as frustration, denial and isola-
tion. It uses a Likert scale (from not a problem to serious
problem). We used a 20-item version of the Problem Areas
in Diabetes (PAID) questionnaire for adult participants
living with T1D (PAID) and a 15-item PAID version for
participants caring for a child with T1D (P-PAID-C). The
PAID score (standardised scale) is obtained by summing
allitems x 1.25 and ranges from 0 to 100, with a cut-off=40
indicating diabetes distress. The P-PAID-C is a scale from
1 to 6, ranging from 15 to 90, with higher scores indi-
cating diabetes distress. We standardised this scale by
multiplying the total score by 1.1. There is no cut-off for
this scale.” **

e-Health Literacy Questionnaire

This questionnaire measures people’s confidence level
when using digital resources to find and use health infor-
mation, manage their health and communicate with
healthcare providers. The instrument comprises 35 items
related to seven domains and is scored on a Likert scale.”™
While low scores may reflect a possible weakness in the
domain, scores above 2.5 indicate an emerging strength,
suggesting increasing competence in the area assessed.

Video interview

We developed an interview guide piloted with two volun-
teers living with T1D. One researcher (FAV) performed
the semistructured interviews. FAV had no prior relation-
ship with the participants before the study.

The guide covered two broad topics: ‘previous expe-
riences with technology for diabetes self-management’
and ‘expectations, preferences, and wishes regarding a
voice-based digital health solution for diabetes distress
monitoring’. The first part of the interview starts with

exploring the participant’s previous knowledge about
diabetes distress and vocal biomarkers and clarifying
these concepts. Then, the interview continues with three
persona-scenario exercises. Based on fictional cases,
the interviewer asks the participant’s opinion about
managing diabetes distress, using new technology and
exploring how to integrate vocal biomarkers. A persona
scenario is a method for determining the end-user-based
requirements a product must fulfil.*® ** The second part
of the interview is open-ended questions about previous
experiences with diabetes monitoring using technology.
The third part of the interview also consists of open-
ended questions focused on diabetes distress detection
with vocal biomarkers (online supplemental table 1).

We recorded audio and video and recordings were
transcribed using Amberscript software. FAV created a
pseudonymised verbatim transcript. All field notes were
listed in a digital notebook. We analysed qualitative data
in MAXQDA software (VERBI Software, 2021). We calcu-
lated an average of 70 min of duration for the interview.
The transcripts were not returned to the participants.

Patient and public involvement

Two participants provided feedback on the choice of
questionnaires, the content of the interviews, the clarity
of wording, the duration of questionnaires and video
interviews. Therefore, patients influenced methodolog-
ical decisions.

Statistical analysis

We described demographic and questionnaire data with
means and SD. Data obtained from the e-Health Literacy
Questionnaire (eHLQ) and PAID questionnaires were
scored using the analysis approach recommended by the
respective authors. The PAID scales provided one overall
summative score indicating the severity of diabetes
distress. The eHLQ provided a score for each scale,
reflecting the seven assessed dimensions of digital health
literacy.

Qualitative data analysis
We analysed the interview transcripts using a 6-step
thematic analysis.”> We employed inductive thematic
analysis with a constructivist approach. This conceptual
approach was appropriate to address the lack of knowl-
edge about the acceptability of voice technology and to
understand how individuals socially construct and inter-
pret their experiences with voice technology.
Dataanalysis began with familiarisation through reading
interview transcripts and then coding them, creating
in-vivo and researcher-derived codes.*® Two coders (FAV,
GAA) used MAXQDA, to apply the codes to the tran-
scripts. Codes were organised into themes. The coded
transcripts underwent constant comparison and revised
theme definitions and names throughout data collec-
tion. This process was repeated until consistent coding
agreement, confirming the identified themes and arrival
at information power, which was based on examining the
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patterns identified in the data against key elements such
as the sample specificity and the narrow aim of the study
to establish data sufficiency.”” A final codebook was estab-
lished, outlining five major themes (online supplemental
table 2). The codebook was applied to all transcripts
by FAV and independently verified by IP using three
randomly allocated transcripts for triangulation and final
codebook confirmation.

Reflexivity was maintained throughout the process,
acknowledging the role the coders’ backgrounds played in
shaping data analysis. The coders had varied backgrounds
in psychology (FAV, female, BSc, IP, female, PhD), medi-
cine (GAA, female, MD, PhD) and diabetes (GAA). The
team includes researchers with extensive experience in
both diabetes and vocal biomarker research, supported
by the insights of members who are clinicians specialising
in diabetes management. The team also has artificial intel-
ligence expertise with developers of vocal biomarkers.
This experience spans both early career and more expe-
rienced team members at the intersection of these fields.
This diversity in perspectives assisted in mitigating biases
introduced by the coders’ backgrounds. This research
formed part of FAV Master’s thesis project, centred on
users’ perspectives on VB technology for diabetes distress.
FAV initially trained as a clinical psychologist. Given the
primarily quantitative expertise of the group, IP joined
the team to support the qualitative methodology. IP
has a background in health psychology with qualitative
research expertise in healthcare communication.

We followed the COREQ (COnsolidated criteria for
REporting Qualitative research) Checklist.*®

Mixed methods analysis

A description of each participant was created by intro-
ducing the selfreported survey data and memos
summarising each interview. When data was retrieved by

theme, we could visualise respondents grouped based
on age, gender, education, management strategy, rela-
tionship to T1D (people living with T1D or caregiver),
diabetes distress level and self-reported degree of compe-
tence in each e-health literacy-related domain. This data
integration served the expected purpose of establishing
associations between participants’ characteristics and
their perspectives on VB technological interventions,
allowing for a deeper understanding of how these factors
influence their thoughts and attitudes.

RESULTS

Of the 12 individuals who expressed interest in partici-
pating, all agreed to participate and complete the study.
No one besides the participant or the researcher was
present during the video interviews.

Quantitative analysis
The sample consisted of 12 participants: 11 with T1D and
1 participant was a parent of a child with T1D. 50% were

uipnjoul ‘1yb11Adoo Aq paloalold

women, with a mean age of 47 (SD 14) years (range of @

26-65 years). 50% were married or cohabiting, 67% were
employed full or part-time, 17% were retired, 17% were
unemployed and 58% had a bachelor’s degree or supe-
rior. Additionally, 67% used any insulin pump, with 42%
specifically using a hybrid closed loop (HCL) system for
diabetes management and 33% using only continuous
glucose monitoring device (CGM). Furthermore, 58%
of participants used mobile applications to support their
health management (table 1).

The mean PAID score for the 12 adult participants
living with T1D was 31 (SD 17) and ranged from 10 to 70
points. The primary stressors were ‘not knowing if your
mood or feelings are related to your diabetes’ (52%) and
‘Worrying about the future and the possibility of serious

Table 1 Demographic characteristics, diabetes management tools and diabetes distress

ID Gender Age range T1D management App PAID
P1 Male 50-59 CGM+HCL Yes 35
P2 Female 40-49 CGM+HCL No 47
P3 Male 50-59 CGM No 10
P4 Male 60-69 CGM Yes 24
5 Female 50-59 CGM Yes 40
P6 Male 40-49 CGM+HCL Yes 13
P7 Female 50-59 CGM+SAP Yes 18
P8 Female 60-69 CGM+HCL No 33
P9 Female 20-29 CGM+HCL Yes 26
P10 Female 50-59 csll Yes 18
P11 Male 40-49 CGM No 43
P12 Female 30-39 CSli No 70

App, application software that performs specific tasks and can be installed and run on a computer, tablet, smartphone or other electronic
devices; CGM, continuous glucose monitoring device; CSlI, continuous subcutaneous insulin infusion device; HCL, hybrid closed loop insulin
delivery system; PAID, Problem Areas in Diabetes; SAP, sensor-augmented pump; T1D, type 1 diabetes.
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Table 2 The descriptions of the five analysis-generated themes taken from the final codebook

Theme

Description

Experience of type 1 diabetes

Data referring to a participant’s descriptions relating to their daily life

with T1D, including the burden of the disease, previous experience
living with the disease (eg, management in daily life) and where or
how they get their information as this can inform their actions.

Barriers to voice-based technology use

Data encompassing participant views on aspects of novel technology

in T1D management that would prevent its use or discourage the
integration of it into their condition management.

Facilitators of voice-based technology

Expectations of voice-based technology management
in type 1 diabetes

Role of healthcare professionals in implementing voice-
based technology for type 1 diabetes

T1D, type 1 diabetes.

complications’ (45%). The standardised P-PAID-C score
for the caregiver participant was 47 points. Four partici-
pants scored 40 or more (table 1).

The eHealth literacy scores were calculated for each of
the seven domains. All participants reported being moti-
vated to interact with digital services (domain 5). 92%
of participants showed self-confidence in understanding
health-related concepts (domain 2) and 75% felt able
to actively engage with digital services, feeling safe and
in control when doing so and reported having access to
digital services that suited their individual needs (domains
3, 4 and 7, respectively). However, 33% of participants
reported limited access to functioning digital services
(domain 6) and a lower level of self-confidence in using
technology to process health information (domain 1).

Qualitative analysis

Five themes were generated from the coded transcrip-
tions: (1) Experience of T1D, (2) Barriers to VB tech-
nologies use, (3) Facilitators to VB technologies, (4)
Expectations of VB management technology for T1D and
(5) Role of healthcare professionals in the implementa-
tion of VB technologies (table 2).

Experience of T1D

T1D held a central role in the participants’ lives, dictating
how they navigated their daily routines. When describing
this experience, participants spoke of the burden of
living with this condition and the strategies they have
developed to manage their daily lives. Despite this, they
also expressed a strong desire to occasionally escape the
demands of their diabetes, seeking moments where its
presence fades from their thoughts, allowing them to
experience life without its constant shadow.

Burden
Participants reported that daily distressing experiences
associated with T1D created a significant burden, shaping

Data encompassing participant views on aspects of novel technology
in T1D management that would promote its use or encourage the
integration of it into their condition management.

Data referring to participant descriptions of their expectations of
technology-assisted management of T1D.
Data encompassing participant views on the role of healthcare

professionals concerning their experience of T1D, T1D management
and technological developments for T1D management.

their perceptions of life with the condition. This burden
arose most notably when participants tried navigating
‘normal’ life through social occasions or daily activities.
Many expressed feeling unfairly judged due to their T1D
diagnosis, citing the challenges of managing their condi-
tion in public spaces as stressors.

In the restaurant, you start by stabbing, secondly by
calculating, thirdly by injecting in public, because
I've never gone to the toilet with my pen to inject
insulin. I've always done this inside the restaurant,
but the way people commented sometimes, that was
madness. (P7)

Some participants perceived their lives as more chal-
lenging than those without T1D did because they felt they
were centred on glucose in target and preventing severe
hypoglycaemia episodes. This extended across multiple
domains of life, such as personal relationships, social
events and employment.

...Despite working in the medical field, I am always
rejected because of my diabetes. That means I'm hav-
ing trouble finding a job, even now specializing as a
diabetology nurse... Although I am affected myself,
I have the specialization and nothing works there
because everyone is afraid of complications that may
arise. (P7)

Participants felt their mental health was notably -
linked to this management. The glycated haemoglobin
results, when they were in target, enhanced participants’
self-confidence and competency in self-managing their
T1D.

Because I think most diabetics, if the level is too high,
you might feel bad...Okay, why is it like this now?
Or what did I do wrong? Yes, it’s a challenge every
day. You always have to reposition yourself, reorient
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yourself, prepare. Many people probably do not know
this or cannot imagine it. (P11)

Developing management strategies

Experiential descriptions of how participants’ daily T1D
management strategies developed, both behavioural and
technological, varied in positive or negative sentiment,
illustrating the nuanced nature of these experiences.
Once the strategies had been sufficiently developed,
however, the positive sentiments were notable.

Well, let’s put it this way: until a few years ago, digi-
tal technology did nothing for me as a diabetic. But
it started very positively and helped greatly with the
sensors in my arms. And it’s been a huge win for me
ever since. (P4)

Most participants reported implementing consistent
preventative measures to mitigate complications asso-
ciated with T1D, including actively pursuing and main-
taining metabolic goals.

My current pump is called Luld, and she keeps my
whole metabolism going without that... I only admin-
ister bolus for meals. She does the rest on her own.
If I go postprandial in hyperglycaemia, she gives me
correction boluses. And as such, I no longer have to
worry about my diabetes. (P7)

This strategy development was not always successful, as
some participants experienced functional impairments
or life-threatening situations due to T1D complications.
These events were associated with human errors or fail-
ures in the T1D management technologies. Some partic-
ipants suggested while trying to find the best technology
for them, some solutions did not function as expected
and made management more complex.

...a year ago I had one, then another blood glucose
meter... I don’t even know what that means to mea-
sure... That would be too slow. It took over two hours
before it noticed that I was doing an activity. And
then I'm high in sugar and the device keeps saying
“man you’re in hypoglycemia”. (P3)

Barriers to VB technology use

Barriers to using VB technology were seen across three
subthemes: Mistrust, interpersonal pressures and techno-
logical readiness.

Mistrust

For participants, deciding how voice samples will be
collected for analysis was crucial. Participants had security
and privacy concerns regarding voice-sample collection
and its potential use for non-intended purposes.

But it might be worrying, isn’t it? Because you would
have to know exactly by whom or who wants to use the
data... Someone who then uses the data specifically

and not a company behind it and then uses the data
to do business with it. (P11)

The automatic operation of technologies raised
concerns about technology’s predictive ability and the
infringement on autonomy. Participants noted that
technological tools can have inaccuracies in automated
insulin dose calculations which can be a life-threatening
risk participants want to avoid.

I actually don’t use it anymore because the fact that
the pump adjusts automatically to your values is
something that... I find it kind of scary because it’s
just a machine and the machine doesn’t know ev-
erything I have planned... if I do sports, I do know
how much my blood sugar needs to be. But since the
pump always adjusts to a fixed level of blood sugar, it
just doesn’t always work. (P12)

When discussing details about VB technologies, partic-
ipants questioned the impact of the recording environ-
ment and user falsification which could potentially impact
health professionals’ conclusions and the management of
their diabetes as a result.

Interpersonal pressures

Participants who had negative personal experiences with
T1D carried these experiences into their perceptions of
the use of VB technology. Participants expressed concerns
in particular involving the dynamic between interper-
sonal relationships and the glycaemic control behaviours
of people living with T1D. It was further suggested that
diabetes distress may worsen if the VB technologies’
results were directly accessible by loved ones or affected
the administration of insulin.

...you see: “Okay, but there he is already three hours
at 300” and then you call back and “What’s going on
there?” and “Don’t you want to inject yourself with
insulin now?” and so on. That’s somehow, I think, not
good for the relationship either. (P2)

Participant experience also informed the thoughts of
broader social effects of using VB technologies in public,
prompting concerns about stigmatisation.

The app might tell him that too, but then the boy
isn’t that happy with it either. He would say: Now I
have to do again something that the others don’t
have to do, isn’t it? (P3)

Technological readiness
Some participants found it difficult to access techno-
logical resources for T1D management which impacted
their consideration of using VB technologies. Several
factors contributed to inaccessibility: product incompati-
bility with existing devices, unmodifiable default settings,
warranty-voiding damage and a lack of self-efficacy when
using health technologies.

Participants highlighted that the suitability of VB
technologies might differ by age group, with younger
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generations described as more comfortable adopting new
technologies.

But I think that young people there might find it
more interesting. So yes, there are a lot of people who
also use these fitness Apps a lot and I think it might
be interesting for them to get something else. But
now I personally don’t think I'll use it. (P2)

Participants’ scepticism towards technological resources
for health management, including VB technologies,
was also based on previous experiences with unreliable
devices for T1D management. These experiences were
frequently associated with mitigating risks device errors
posed to their health.

ButI don’t trust every device at the moment. I've had
issues with an insulin pump and stuff and it always
makes me a little suspicious... I still want to decide
for myself. That’s why I no longer have a pump... As
I'said, it is a device and a device makes mistakes. (P4)

Facilitators of VB technology

Facilitators for using VB technology were seen across
three subthemes; external support; positive management
experience and practicalities of diabetes management.

External support

Support in the form of the manufacturer’s guarantee
and scientific evidence highlighting the product’s effec-
tiveness was seen as encouraging for participants when
thinking about adopting VB technologies in diabetes
distress management.

...I was waiting for a hybrid closed loop system from
the manufacturer himself... because the guarantee...
It’s a guarantee that the system will work. This means
that if my pump has a problem now, I call [the com-
pany] and they have a new one within 24 hours. That
means it will be delivered immediately. And that’s re-
assuring that you can get a replacement at any time.

(P7)

This facilitation or support, however, extended to the
views of their support network on VB technologies, given
the role of the support network in their current manage-
ment of T1D—specifically their diabetes distress.

Well, I would [use vocal biomarkers]... I think that
depends on... my mood. Probably. And at the request
of my partner, I would always use it when she says: I
should use it... Yes, yes, she knows me very well... She
usually determines hypoglycemia before the CGM.
(P1)

Positive management experience

Positive experiences with technological T1D manage-
ment created optimistic expectations for VB technolo-
gies. These technologies were used primarily for glucose
monitoring, insulin management and physical activity

tracking, with some applications allowing for ‘followers’
to see this activity.

Participants who reported satisfying experiences with
their T1D management devices derived experience-based
insights about how technological developments could be
tailored.

I've had my pump for a good year and a half now.
What she learned... She knows that more insulin is
needed in summer than in winter. That means she’s
already reducing my insulin dose in the fall. And I
find that insane. And I think that would be for the
man now, for example, because he is sporty... and be-
cause the pumps can also be adjusted for sport. (P7)

Participants stressed the importance of technology that
accommodates the individual’s lifestyle and allows for
relative normalcy without compromising.

Because in turn [technology] gives him some of that
thinking “How’s my sugar?”, “What do I need to in-
ject?”... It takes a bit of the work off of him and he
can live a normal life. (P6)

Practicalities of diabetes management

Past experiences of dissonance between participants’
needs and the functional ability of technological resources
made the practicalities of future voice-analysis-based
products more attractive. These practicalities were char-
acterised by reducing diabetes distress through easing
their management strategies.

I felt more comfortable because the net just looked
like a syringe. And it was also easier to inject insulin
in public. And then came the pumps and now with all
the new technology that means everything is stored
on the cell phone. (P7)

Further attractive practicalities suggested by partici-
pants included health insurance companies’ partial or
complete financial coverage of the device was seen to
facilitate the integration of novel technologies.

It’s all part of a treatment... That will make treatment
easier and I think it would be useful for health insur-
ance companies to contribute. (P5)

Expectations of VB technology management in T1D
Participants described a desire for control over the access
to their voice analysis data and reports. They suggested
implementing ‘terms and conditions of use’ or informed
consent that explicitly states the purposes and use of their
data. Most participants agreed that sharing their data
with their diabetologist or general practitioner would
be beneficial. Some participants were willing to donate
their anonymised data for research and technology
improvement.

Three central aspects made voice analysis technology
practical and reliable for participants: technological
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standards, customisable settings and presentation options
and a clear final purpose.

Expectations of technological standards

For the participants, flexibility was the most desired prop-
erty for VB health monitoring devices. The resource
should be adaptable to their taste, needs and skills. The
participants preferred comfort and fit following flexibility.

It’s supposed to be as simple as possible so that I'm
not always reminded that I'm sick. And when I count,
I don’t have to think. I do it and then I get my analysis
and that’s it. (P4)

Participants expected the product or service to be
consistently available and reliable and to provide an inte-
grated and objective view of their health status. They
valued a system that avoided failures and respected their
autonomy.

Customisable settings for ease of use

The possibility of customising new technological
resources plays a central role when evaluating their suit-
ability and acceptability. While many participants advo-
cated for implicit or subtle vocal biomarker recording,
under strictly data-protected conditions, they stressed
that this was individual and that each person should be
able to control the frequency of the feature usage. Partici-
pants described appreciation for the use of a non-invasive
and subtle device.

Yes, I would try [vocal biomarkers]. I would now...
This time I would try it because it’s not something
that goes into my body. (P5)

Further preferences included integrating VB tech-
nologies into their current devices to not interfere with
their daily activities and protect against diabetes distress
related to social stigmatisation. Examples included incor-
porating VB technologies into insulin pumps, pens or
smartphones, depending on their current glycaemic
control regimen.

I would say those things that people carry around
with them daily. So, if they have an insulin pump, I
would think that it would be very nice to have it in-
tegrated in the pump or into the phone... So, things
that people do not need to use in addition to what
they already use. (P2)

Some participants found integrating this VB technology
into smartphones advantageous in monitoring diabetes
distress twice to three times weekly through voice if it is
done independently from glycaemic control.

And then, in addition, whenever he then... he still
has to... if you feel the need and you think you want
to check it, you still have to be able to do it. But... But
this is not only voluntary, but... somehow, for exam-
ple twice a week, that you at least have to do it. (P2)

A smartphone application was considered valuable for
combining and collecting information from different
sources into a single interface and simplifying the inte-
gration of additional biomarkers.

Something has to be done at the same time so that
you are less stressed. And with the app now, for exam-
ple, you could then see whether it worked, for exam-
ple. Has it gotten better or? (P2)

Most participants found it convenient to associate
diabetes distress control with daily glycaemic control,
suggesting that VB technologies should offer solutions
beyond highlighting changes in diabetes distress levels.
Thisincluded using the collected data to generate prompts
for managing stress or health alerts and collecting further
data through food diaries.

Now just because the app records it doesn’t make you
any less stressed... Something has to be done at the
same time so that you are less stressed.

Participants also desired concise reports with action-
able insights into diabetes distress management, such as
patterns in insulin dosage and physical activity that may
contribute to blood sugar dysregulation. Some suggested
integrating alarms into the technology for hypoglycaemia
prevention.

Expectations of voice technology’s final purpose

Participants suggested that VB technological tools for
diabetes distress management should be designed to
improve their well-being by simplifying the management
of their condition, allowing a sense of ‘normality’ in daily
life.

I'm pro technologies. I'm happy when something is
simplified, for everyday use. It shouldn’t just be some-
thing I do twice a week... No, it should make my ev-
eryday life easier. (P6)

They also indicated that the technology should be reli-
able in alleviating some physical burden of living with
T1D. Expectations of what this could look like included VB
technology builtinto pens that could assist with data regis-
tration and insulin administration. This was described as
particularly advantageous for individuals who had visual
impairment as a result of diabetes complications.

I'm visually impaired. And sometimes I can’t recog-
nize with precision... exactly how much I'm inject-
ing... And if I now have [voice-based technology] in
it, then I could always, if I notice “Now the sugar is
falling or rising...”, then I could call up on the pen
“What exactly did I inject there, what time and such”.
That would be a huge help, especially if you have vi-
sion problems. (P4)

One participant saw the benefit of using a VB tool only
if it was used for early detection of other health condi-
tions unrelated to T1D.
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Preferences for VB technology

In response to the examples of VB technology provided
in the interviews, participants preferred scenarios
where technology was integrated into existing smart
pens or pumps. This preference was indicated through
higher Likert scale ratings and was dependent on device
reliability.

Exactly, the device can suggest that to me because it
knows more than I do. But conversely, I still need to
be able to decide how much the device squirts. With
a “yes or no” for example. (P4)

Participants rated more visible or larger technologies,
such as smart mirrors or technologies requiring public
voice recording, lower on the Likert scale. These technol-
ogies were perceived as drawing unwanted social atten-
tion or potentially causing additional distress.

I think the general conditions should always be the
same. One shouldn’t begin to see it once on the
street, once at home, once at school. (P6)

Smartwatches or apps were received neutrally or posi-
tively, with more emphasis placed on the role of personal
preference within these responses.

Role of healthcare professionals in implementing VB
technology for T1D

Participants highlighted that healthcare professionals are
central to adopting any new T1D management strategy.
They suggested that if their family doctors or diabetol-
ogists recommended a VB diabetes distress monitoring
product, they would consider it medical advice.

When you hear from the doctor himself... you’ll
do it... and if you realize that you’re maybe more
stressed than it’s good for you to be, then one could
say: “Okay, then you have the device or the app”. (P2)

Participants attributed this role to healthcare profes-
sionals, citing their face-to-face interactions as allowing
healthcare professionals to assess various aspects of
patients’ lives and conditions. This, in turn, enabled a
more comprehensive understanding and informed inter-
ventions. As such, healthcare professionals were also seen
as the most reliable source for data interpretation from
new and existing T1D management devices.

“...I think the most reliable way would be through
the doctors... for me, it’s always a matter of trust. I
got the pump even though I was suspicious of it. You
always hear a lot of information that... it’s not pre-
cise... it was always said that you get something in-
serted into your body.... That’s not true at all! It’s put
on the body, but you don’t have to have surgery or
anything like that... (P10)

All participants’ primary information sources were
health professionals and the patients association (online
supplemental table 3).

My contacts are always the diabetologist and the
health team in the hospital... So, I always get the first
information through them and then also through the
diabetics’ associations. (P1)

Mixed methods results

Participants’ sociodemographic characteristics and T1D
treatment were used to explore possible associations
between this data and their attitudes toward VB digital
health technologies. We observed that age, gender, marital
status and educational attainment were not ostensibly
associated with their opinions expressed in the interviews.
However, the type of technological resources participants
used for T1D management at the time of their partici-
pation in the study was associated with their envisioned
barriers to adopting novel technologies. Participants
using more advanced management technology, such
as a HCL system or a sensor-augmented pump, raised
fewer barriers to VB technologies than participants using
simpler devices, such as a pen or single CGM.

We did not observe differences between participants
who reported severe diabetes distress levels and those
who did not, although all participants alluded to T1D
managementrelated aspects and stressful situations.
Exploring potential associations between the interviews
and the eHLQ did not reveal differences between those
participants who were less confident and satisfied using
digital health management resources and those who felt
more comfortable using them. However, we found that
participants who self-reported higher levels of diabetes
distress and lower e-health literacy could envision more
significant barriers to integrating these technologies. In
contrast, participants with lower diabetes distress and
higher e-health literacy levels tended to identify as many
possible facilitators as barriers to using VB technologies.

At the end of the study, the participants received an
infographic with a narrative summary of the results in lay
language.

DISCUSSION

We found that the expectations of people living with
T1D about the utility that VB technologies may offer for
diabetes distress management are closely related to antic-
ipated barriers to and facilitators of the potential use of
this technology. If newly developed VB technology tools
fulfil positive expectations, this could increase the likeli-
hood of their integration into T1D management. Further-
more, the reported barriers and facilitators are frequently
influenced by previous personal experiences related to
the use of other technological developments for T1D
management, the burden of diabetes, the self-confidence
level when using digital resources and concerns about
data management. These factors form the requirements
that a VB technological resource must meet to be consid-
ered acceptable by its potential users. A notably influ-
ential factor of acceptability was the trust in healthcare
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professionals’ endorsement of a product which could
play a role in device integration.

Diabetes distress screening for the study participants
did not affect participants’ expectations regarding novel
VB technologies. They expressed, however, a strong
desire for the delivery of solutions, such as suggestions
for addressing high levels of diabetes distress. Partici-
pants suggested that their primary need was for VB tech-
nologies that would assist them with complementary
glycaemic monitoring and enable early detection of acute
complications which they considered vital. While the
fear of complications served as an indicator of diabetes
distress, awareness of the diabetes distress level alone was
not perceived as useful in health maintenance without
accompanying management strategies. There is evidence
of the significant positive effect of cognitive behavioural
therapy aiming to treat diabetes distress on diabetes
distress and depression.” Novel VB technologies, incor-
porating cognitive-behavioural-therapy-based*’ or
glycaemic management strategies,”' could help mitigate
diabetes distress. Recent research supports this, stating
that technology can address the fear of hypoglycaemia by
allowing accurate monitoring and responses to glucose
levels.**

Our primary purpose was not to analyse the need
for hypoglycaemia detection. However, we found that
diabetes distress is often exacerbated by the anxiety
surrounding hypoglycaemia and TI1D complications.
A novel voice-based TID management technology
may improve well-being and alleviate diabetes distress
through its complementary role in a holistic approach to
biomarker and management strategy presentation.

Individual experiences with TID were also seen to
foster participants’ anticipated barriers to a novel tech-
nology. The barriers primarily concerned privacy, security
and the device’s reliability. This reflects remote health
management technology research where a consistent
barrier was data privacy concerns which were suggested
to be best addressed through clear communication about
good security practices.”” This sentiment was consistently
highlighted by our study participants who advocated for
clear ‘terms and conditions’ of data collection and usage.
Consequently, when developing the integration of voice
technology, clear statements on data collection should be
emphasised in the design of the device or application.

Similarly to the participant-anticipated barriers, facil-
itators of novel technology were also based on previous
experiences. Significant facilitation influences were seen
in social support, health professional endorsement and
ease of integration into daily routine. Social support
has been shown to enhance self-care in medical condi-
tions, improve adherence and integrate technology into
improving health outcomes.** However, altered familial
and social dynamics in response to disease manage-
ment can hinder self-management despite contributing
supportive factors.”” As demonstrated by participant
responses, the complexity of the disease and disease
experience highlights the individual nature of managing

T1D. It confirms the importance of considering not only
the physical needs associated with TID management
but also the unique influence of psychosocial needs
(on the expectations of technology support for T1D
management). Despite these complexities, we identified
essential consistencies regarding the ideal development
of VB technologies for T1D management. Flexibility,
comfort and fit closely align with the facilitating factors
of endorsement and reliability because they describe a
seamless integration of devices. This integration and ease
of use address an influential element of T1D for these
participants—the disease burden. The most successful
technologies for T1D management, as rated by patients,
are found to alleviate some of the psychosocial burden
of TID.*

The burden of T1D and, in particular, diabetes distress
is also reflected in the influence of the participants’
healthcare professionals. Any novel technology that can
impact blood glucose levels—an element of the disease
closely linked to adverse outcomes for these partici-
pants—requires endorsement by healthcare professionals
for peace of mind when integrating new devices into their
regime. Healthcare professionals have been seen to play
integral roles in the use of diabetes management tech-
nologies—namely within the expectations and experi-
ence of integrating these technologies into patient care
regimes.47 This pattern was seen as a consistent thread
throughout the interviews despite individual experience
and is therefore seen by study participants as central to
successfully integrating any new T1D management tech-
nology, such as VB technology tools.

Strengths and limitations

A strength of this study is its rigorous and robust
methodological approach. The qualitative method
employed a comprehensive analytical process, incor-
porating reflexive field notes and thorough trian-
gulated codebook checks with researchers of varied
expertise. The transformative application of patient
and public involvement facilitated participatory-led
research, ensuring active engagement and valuable
participant input. This approach should ultimately
lead to the development of a representative end
product that caters to the necessary competencies to
engage with digital health services, needs and prefer-
ences of people living with T1D.

The small sample size might have limited the ability
to identify further differences in perspectives on VB
technological interventions by sociodemographic
factors, relationship to T1D (people living with T1D
or caregiver), diabetes distress level and self-reported
e-health literacy level in the mixed methods analysis.
Although the protocolgo aimed to have young and old
participants, we mainly included older participants.
There were difficulties in recruiting younger people
for this study which may have skewed the representa-
tion of perspectives.
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CONCLUSIONS

This mixed methods study provides insights into the
needs and preferences of potential users of VB technol-
ogies, suggesting that people living with T1D would be
open to adopting this new technology if it met specific
conditions. The ease of integration into their current
device use, previous experience with digital health solu-
tions, secure data management and health professional
endorsement were central to the successful integration
of VB technologies. This study can guide the develop-
ment of novel VB T1D management tools based on these
criteria. Given our sample’s age-based views on techno-
logical self-efficacy, future research could incorporate
children’s or adolescents’ perspectives on novel techno-
logical methods for T1D management.
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