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Abstract

Background: Up to half of children with new onset type 1 diabetes present to hospital in diabetic ketoacidosis, a life-threatening
condition which can develop as a result of diagnostic delay. Three quarters of Australian children visit their general practitioner
(GP) the week prior to presenting to hospital with diabetic ketoacidosis. Our prototype, DIRECT-T1DM, is an electronic clinical
decision support tool that promotes immediate point of care testing in general practice to confirm suspicion of diabetes. This
avoids laboratory testing, which has been documented internationally as a cause of diagnostic delay.

Objective: In this investigation, we aimed to pilot and assess the feasibility and acceptability of our prototype to GP end users.
We also explored the challenges of diagnosing type 1 diabetes in the Australian general practice context.

Methods: Four GPs, a paediatric endocrinologist and a PhD candidate were involved in conceptualising the DIRECT-T1DM
prototype, which was developed at The Department of General Practice and Primary Care at The University of Melbourne. Six
GPs were recruited via convenience sampling to evaluate the tool. The study involved three phases: (1) a pre-simulation
interview; (2) simulated clinical scenarios, and (3) a post-simulation interview. The interview guide was developed using the
Consolidated Framework for Implementation Research (CFIR) as a guide. All phases of the study were video, audio and screen
recorded. Audio recordings were transcribed by the investigating team. Analysis was carried out utilizing CFIR as the underlying
framework.

Results: Major themes were identified among three domains and eight constructs of the CFIR: 
(1)	Outer setting: Time pressure, difficulty in diagnosing paediatric type 1 diabetes, and secondary care considerations shaped
GP needs in relation to DIRECT-T1DM.
(2)	Inner setting: DIRECT-T1DM fits within existing workflows, has a high relative priority due to its importance in patient
safety, and GPs exhibited high tension for change.
(3)	Innovation: Design recommendations included increased alarmist colouring, font style and bolding, specific language,
information and guidelines, and inclusion of patient information sheets.

Conclusions: End-user acceptability of DIRECT-T1DM was high. This was largely due to its implications for patient safety and
its ‘real time’ nature. DIRECT-T1DM may assist in appropriate management of children with new-onset diabetes, which is an
uncommon event in general practice, through safety-netting. Clinical Trial: Not applicable to this investigation.

(JMIR Preprints 10/05/2024:60411)
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Abstract
Background:  Up to half of children with new onset type 1 diabetes present to hospital in diabetic
ketoacidosis, a life-threatening condition which can develop as a result of diagnostic delay. Three
quarters of Australian children visit their general practitioner (GP) the week prior to presenting to
hospital with diabetic ketoacidosis. Our prototype, DIRECT-T1DM, is an electronic clinical decision
support tool that promotes immediate point of care testing in general practice to confirm suspicion of
diabetes. This avoids laboratory testing, which has been documented internationally as a cause of
diagnostic delay. In this investigation, we aimed to pilot and assess the feasibility and acceptability
of our prototype to GP end users. We also explored the challenges of diagnosing type 1 diabetes in
the Australian general practice context. 
Methods: Four  GPs,  a  paediatric  endocrinologist  and  a  PhD  candidate  were  involved  in
conceptualising the DIRECT-T1DM prototype, which was developed at The Department of General
Practice and Primary Care at The University of Melbourne. Six GPs were recruited via convenience
sampling to evaluate the tool. The study involved three phases: (1) a pre-simulation interview; (2)
simulated clinical scenarios, and (3) a post-simulation interview. The interview guide was developed
using the Consolidated Framework for Implementation Research (CFIR) as a guide. All phases of the
study were video, audio and screen recorded. Audio recordings were transcribed by the investigating
team. Analysis was carried out utilizing CFIR as the underlying framework.
Results: Major themes were identified among three domains and eight constructs of the CFIR: 

(1) Outer  setting: Time  pressure,  difficulty  in  diagnosing  paediatric  type  1  diabetes,  and
secondary care considerations shaped GP needs in relation to DIRECT-T1DM.

(2) Inner setting: DIRECT-T1DM fits within existing workflows, has a high relative priority due
to its importance in patient safety, and GPs exhibited high tension for change.

(3) Innovation: Design recommendations included increased alarmist colouring, font style and
bolding, specific language, information and guidelines, and inclusion of patient information
sheets.

Conclusion: End-user  acceptability  of  DIRECT-T1DM  was  high.  This  was  largely  due  to  its
implications for patient safety and its ‘real time’ nature. DIRECT-T1DM may assist in appropriate
management of children with new-onset diabetes, which is an uncommon event in general practice,
through safety-netting.

Introduction

Type 1 Diabetes (T1D) and Diabetic Ketoacidosis (DKA)

Diabetic ketoacidosis (DKA) is a life-threatening emergency that can occur in up to half of paediatric

patients at diagnosis of type 1 diabetes (T1D)(1). DKA occurs due to absolute insulin deficiency, a

state of metabolic deterioration that can be a consequence of undiagnosed or untreated T1D(2). A

single  episode  of  moderate  DKA confers  risk  for  cognitive  impairment  in  a  child’s  critical
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developmental years(3). It also confers risk for coma, and death, even in developed countries such as

Australia(2). An episode of DKA is also a traumatic event for both the patient and their caregivers,

who report higher levels of post-traumatic stress and anxiety following a DKA admission(4).

Diagnosis  of  T1D  before  the  point  at  which  the  child  reaches  this  critically  unwell  state  is

challenging. Early symptoms are non-specific and can often be attributed to more common childhood

illnesses,  such  as  an  upper  respiratory  tract  infection,  or  to  general  childhood  growth  and

development(5). It also requires a level of public awareness of the signs and symptoms of T1D, to

facilitate timely presentation to either a GP or tertiary care to receive life-saving insulin treatment(5).

Diagnostic delay exacerbates DKA frequency and severity.

Timely  diagnosis  and  treatment  are  critical,  as  a  diagnostic  delay  of  even  24  hours  following

symptom recognition confers a two-fold risk for the development of moderate to severe DKA(6, 7).

It has been identified that three quarters of Australian children with T1D presented to their GP the

week prior to presenting to hospital(8, 9). Best practice guidelines recommend that GPs conduct on-

site point of care testing and immediately refer a child with suspected T1D to hospital for specialist

review(10, 11). Diagnostic delay following a visit with a GP can occur due to the provision of an

alternate diagnosis(7) and can be compounded by waiting to receive pathology test results prior to

referral to confirm suspicions of T1D(9). 

Our intervention: DIRECT-T1DM

Hospital audits examining pathology test practices among GPs demonstrate that in some children,

GPs have correctly identified T1D as a potential diagnosis, but have elected to request pathology

tests  instead  of  direct  referral  for  specialist  care.  Electronic  clinical  decision  support  tools  have

shown promise in serving to promote patient safety, leading to changes in clinician behaviour that are

guideline based and prevent adverse clinical outcomes(12). 

In  response  to  diagnostic  delay  arising  from  the  wait  associated  with  receiving  confirmatory

pathology results, we have devised ‘DIRECT-T1DM: Decision-support for Integrated,  Real Time

Evaluation and Clinical treatment of Type 1 Diabetes Mellitus.’ DIRECT-T1DM is an electronic

clinical decision support tool, that provides a real time alert triggered by the request for a diabetes

related pathology test in a child aged less than 18 years without an established diabetes diagnosis.

The alert advises GPs suspecting T1D as a possibility to consider point of care testing instead of

venous blood tests in a laboratory, facilitating the patient’s timely referral and safety. 

DIRECT-T1DM is designed to work within Future Health Today (FHT), a clinical decision support

system (CDSS) that has been developed by the University of Melbourne’s Department of General
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Practice and Primary Care.  FHT is installed in select general practice clinics across Victoria(13) and

is compatible with Best Practice and Medical Director, electronic medical record software utilised by

GPs to manage patient care(13).    FHT currently works as an after-the-fact analysis, by reading

electronic medical  records  on a  centralized server within the practice overnight,  applying coded

algorithms to identify patients who may benefit from further review. An onscreen prompt/pop-up

activates when the patient file is opened (usually when the patient returns for a visit) and displays

recommendations for patient care. In contrast, DIRECT-T1DM is designed to activate in real time

using a combination of information stored in the FHT server and information entered into the EMR

during a consultation. 

The DIRECT-T1DM pop-up has three components. The initial part of the pop-up (Figure 1) asks the

question: ‘Do you think that this child has new onset type 1 diabetes?’ Depending on the response,

clinical advice is provided to the GP regarding recommended next steps. 

Figure 1: DIRECT-T1DM clinical decision support pop-ups

Acceptability  of  electronic  clinical  decision  support

tools by general practitioners is a strong facilitator of

their  use  within  the  community(14).  Elements  that

need to be designed effectively to increase useability and acceptability include: user-friendliness,

compatibility with workload and workflow, and decreased relevance of information are barriers to

the use of clinical decision support(14). Ascertaining whether these elements are acceptable to GPs is

therefore an important aspect of our implementation process.

Aims 

The  aims  of  this  investigation  were  to  assess  the  acceptability  of  the  DIRECT-T1DM software

program to end-users by testing the program in a simulated clinical environment, and to explore

additional factors influencing type 1 diabetes diagnosis that could be used to optimize DIRECT-

T1DM.

NoYes
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Methods: 

We conducted qualitative interviews with general practitioners to evaluate the acceptability of the

DIRECT-T1DM  software  program.  The  qualitative  interviews  were  conducted  in  a  simulated

environment, in three steps. First, a pre-simulation interview was conducted to understand the prior

experience of the general practitioners. Then, simulated clinical scenarios were tested so that general

practitioners could evaluate the software in the context of which they would use it. Finally, a post

simulation interview took place to evaluate the tool and provide feedback. 

Research Team and Reflexivity 

CB conducted the interviews with all participants. CB is a female PhD candidate, and the results of

these interviews will  form part  of her thesis.  She has prior experience in conducting qualitative

interviews with health professionals and works with general practitioners frequently in her research.

She had pre-existing professional relationships with three out of the six general practitioners prior to

beginning the interview process.  One general practitioner interviewee has collaborated with CB in

prior research in the same field of DKA prevention, and therefore may have had prior knowledge of

existing guidelines and reasoning for implementation of DIRECT-T1DM. BH, JMN and MW are

CB’s PhD supervisors, who collaborated in the development of DIRECT-T1DM, construction and

editing of interview guides,  recruitment of participants, discussion and provision of feedback on

interviews as they were conducted. They also provided feedback on the results and analyses that

emerged  from  the  study  and  edited  this  publication.  BH  is  a  qualitative  and  implementation

researcher, JMN is an academic general practitioner, and MW is a paediatric endocrinologist and

health services researcher. 

Software Development 

Business requirements and algorithm design documentation for the DIRECT-T1DM prototype were

submitted in February of 2023 to the FHT technical team at the University of Melbourne. One of the

GPs, paediatric endocrinologist and PhD student are investigators on this project and were involved

in early-stage development of the tool. The tool was then presented to an additional three GPs for

their feedback on where to improve the design aspect. The design requirements were then passed on

to the software developer within the FHT technical team for production of the prototype.

Research Design: Qualitative interviews & Simulation:

GPs were invited to evaluate DIRECT-T1DM at the Digital Health Validitron SimLab at Melbourne

Connect, a University of Melbourne facility designed to conduct user-acceptability testing of digital

solutions in near live settings (15). This involved a pre-simulation interview, providing them context
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about the purpose of the investigation and the prototype; the simulation itself, involving subset of

possible  five  clinical  scenarios  where  the  pop-up  would  be  triggered,  facilitating  on-the-spot

feedback  for  the  tool;  and  a  post-simulation  interview  discussing  their  experience  using  the

prototype. Each session lasted approximately 60 minutes. 

The  pre-simulation  interview  included  questions  surrounding  the  GP’s  experience  practicing,

practice location, and an estimation of the proportion of paediatric patients that they would see on an

average day. It also involved a discussion around T1DM, whether they had diagnosed it before and

any challenges involved with this. An explanation of the prototype, its purpose and the simulation

were then provided. 

The simulation session involved a ‘think aloud’ protocol(16), where GPs were instructed to be as

verbose as possible throughout the clinical scenarios and their interactions with the pop-up. This was

done with the intention of collecting on the spot feedback about the pop-up tool from each GP. GPs

would engage with two allocated clinical scenarios and were presented with a third if time permitted.

All clinical scenarios were designed with GP input. GPs were presented with 2 clinical scenarios, and

a third if  time permitted.  Two out  of five scenarios related to  a  child  resenting with symptoms

suggestive of T1DM, and the remaining 3 scenarios related to presentations suggestive of type 2

diabetes, polycystic ovary syndrome or where a family sought to discuss screening for T1D in the

setting of a positive family history. Clinical scenarios were designed to warrant the request of a

diabetes  related pathology test,  such as HbA1c or  fasting blood glucose)  and thereby triggering

DIRECT-T1DM. Clinical scenarios were presented by the interviewing researcher, not by a patient

actor. The reasoning for this was threefold: 

(1) The intention of the interviews was to assess acceptability of DIRECT-T1DM, not to test

whether GPs were aware of the guidelines. It allowed triggering of the tool so that participants

were  guaranteed  to  interact  with  it  and  having  the  researcher  deliver  the  clinical  scenarios

allowed general practitioners to provide instant feedback as they interacted with the tool.

(2) Paediatric T1D symptoms prior to diagnosis are often vague and non-specific, so a simulated

consultation with a patient actor may lead to T1D never being suspected by the GP, and 

(3) If GPs suspected diabetes, they may have elected to complete the point of care testing instead

of referring for pathology, and therefore never interact with DIRECT-T1DM. 

The post-simulation interview was designed using the Consolidated Framework for Implementation

Research (CFIR)(17), evaluating GP appraisal of the tool based on several key domains/settings:

inner  setting,  outer  setting,  innovation,  roles,  individual  characteristics,  and  implementation

process(17).  CFIR  is  a  commonly  used,  comprehensive  framework  utilized  to  ascertain  key
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contextual  determinants  of  success  or  failure  of  an intervention,  as  well  as  for  appraisal  of  the

implementation process, facilitating optimization of interventions before deployment into the broader

community(17). 

Participant selection and recruitment: 

GPs were recruited via email through the personal networks of the investigators, as well as through

VicREN, the Victorian Practice Based Research Network(18), and were reimbursed with $200 VISA

gift-cards  for  their  time.  We  aimed  to  recruit  GPs  of  different  genders  and  different  levels  of

experience. Some non-participants were present during the interviews, including staff running the

SimLab as well as additional researchers on the investigating team. Participants were made aware of

their presence and introduced to non-participants.

Data collection: 

The interview guide designed for all three stages of the study was devised, pilot tested and optimized

by CB and BH. Video, audio, and screen recording were completed using SimLab resources. No

interviews were repeated.  Copies  of transcripts  and summaries  of the results  of  this  study were

offered to participants upon request. 

Data Analysis:

Analysis  was  facilitated  by  NVivo  (QSR  International,  Release  1.6.1  (Version  14),  2022).  CB

initially familiarized herself with the data, by transcribing the audio recordings verbatim and reading

each transcript line by line. The domains and constructs within CFIR (5 domains, 39 constructs)

were transposed into the NVivo codebook. CB coded the data, grouping codes deductively into the

constructs within CFIR. No domain or construct within the codebook was removed prior to initial

analysis.  Following  initial  analysis,  themes  within  CFIR constructs  were  inductively  generated.

Following this, domains and constructs that did not pertain to our simulation study were removed.

The decision made for this involved charting the existing codes to determine whether they were

major  or  minor  themes,  and  whether  they  could  be  assigned  to  a  different  CFIR domain.  The

domains and their related constructs that were removed were: Individual characteristics and roles. It

was identified that CFIR constructs within domains did not exist in isolation when appraising our

tool, thus visualization of how the themes link from one to the next was undertaken, as demonstrated

by Sarkies et al(19). A visual annotation of the design, wording, and packaging of DIRECT-T1DM

based on participant feedback has been provided, to assist with readability. 

Ethics: 

The ethics application for this project was approved by the Human Research Ethics Committee at the
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University of Melbourne, Ethics ID: 2023-25185-45082-4.

Results 

Figure 2 outlines a summary of key results across three CFIR domains and eight constructs. The

results summarised here are expanded upon in subsequent sections.

Figure 2 Summary of key results across all CFIR domains.

Participants: 

Six GPs were recruited to take part in the simulation study. Participants were diverse in gender, years

of GP experience and exposure to clinical decision support systems (CDSS). Two were academic

registrars completing their general practice specialty training with less than two years’ experience,

two had three to five years’ experience and two had over 30 years of experience working as a GP.

Three had experience of using Future Health Today in their practice. All were familiar with Best

Practice medical software. Table 1 summarises the participant demographic information.

Table 1 Participant Demographic Information

GP Gender Years
practicing

Familiarity with Best
Practice

Uses  FHT  in
practice

Diagnosed
Paediatric
T1D?

GP1 Male >30 Yes No No
GP2 Male <2 Yes No No
GP3 Female <2 Yes No No
GP4 Male 3-5 Yes Yes No
GP5 Female 3-5 Yes Yes No
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GP6 Female >30 Yes Yes Yes (n=1)

Of the six participants interviewed, only one GP had previously diagnosed a child with new onset

T1D prior  to  these  interviews.   As  such,  the  scenarios  were  not  instances  the  participants  had

encountered in practice and their initial responses were based on how they believed they would have

responded in practice.  Participants  were also explicitly  asked to  interact  with the scenarios  in a

manner that would trigger the prompt (potentially not following best clinical practice), to explore the

acceptability  and feasibility  of  the  tool.  Some GPs  reflected  on  what  they  would  have  done in

response to each clinical scenario in practice, and whether T1D would have crossed their mind in this

case.  One  GP stated  that  pre-existing  awareness  of  the  investigation  before  engaging  in  the

interviews would skew a participants’ response to the scenarios, especially given the scarcity of T1D

presentations  in  practice.  The  think-aloud  protocol  was  beneficial  for  on-the-spot  feedback,

appraisal, and reflection regarding DIRECT-T1DM, meeting the aims of our investigation. However,

it should be noted that the burden on GP participants was increased, when compared to ‘near live’

scenarios or real life. 

“I  didn't  read  too  much  about  [T1D]  or  anything,  because  sometimes  I  think  it's  better
walking into something like this a bit fresh…”– GP 5
“Yeah, I think as a participant,  you probably overthink things and second guess yourself
more than you would do in real life. I think even just taking your history felt really painful
just now compared to real life. But that's, I guess that's part of the process. I think though as
far as participating in something it's very easy.” – GP 3

INNOVATION DOMAIN: 

Acceptability of DIRECT-T1DM: 

The CFIR construct we aimed to assess in our interviews primarily involved the Innovation Domain,

appraising DIRECT-T1DM itself,  its acceptability and proof-of-concept. We found that DIRECT-

T1DM was highly acceptable to GPs. This is because DIRECT-T1DM appeared as a result of an

action the GP had taken during the consultation. The GPs did not anticipate encountering this tool

often, as paediatric patients do not constitute a large proportion of their consultations, and of those

paediatric consultations, they do not anticipate requesting many pathology tests. GPs recognized the

need for this tool, stating its importance as a safety measure, to prevent potentially fatal sequelae.

Design recommendations were offered to optimize DIRECT-T1DM, improving it to address specific

GP needs at the point of care, as well as to improve compatibility within GP workflow, workload,

and to  alleviate  pressures  that  emerge from the  Inner  and Outer  Settings.  Major  constructs  that
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emerged from the innovation domain were design and relative advantage. A summary of the key

results across all CFIR domains can be found below in Figure 2.

CONSTRUCT 1: Design 

In CFIR, design refers to the degree to which the intervention is well packaged and presented(17).

Major  themes  within  this  construct  were  surrounding  the  language,  structure,  available  links,

colouring and emphasis within DIRECT-T1DM. 

Language and content: 

(1) Positing T1D as a possibility, rather than a certainty

During the delivery and think aloud response to the clinical scenarios, it became clear that often,

even when ‘typical’ symptoms of T1D are present, the clinical suspicion of T1D is low. As a result,

this indicated that in general, GPs may be requesting diabetes related pathology as one part of a panel

of  several  different  tests  to  ascertain  what  condition  the  child  has  presented  with.  All  GPs

participating in our study requested a panel of different pathology tests alongside a blood glucose test

when  demonstrating  what  they  would  do  in  practice.  This  led  to  a  design  recommendation

surrounding an alteration in language used in the initial pop-up. GPs suggested that in most cases, it

is likely that they would be uncertain that the child had T1D, as children may not appear emergently

unwell. Consequently, they believed that adjusting the language in the initial question from ‘Do you

think this child has type 1 diabetes?’ to ‘Is it possible that this child has type 1 diabetes?’ would

change their  immediate  reaction  to  DIRECT-T1DM. They emphasized  a  shared  belief  that  it  is

important  to  still  interact  with  DIRECT-T1DM,  even  in  cases  where  there  is  a  low  degree  of

suspicion of paediatric T1D and believe that an alteration in language will prompt them to exclude

the possibility of DKA through a point of care test before moving on to requesting further pathology.

“It’s pretty obvious in this case, but what if it wasn’t so obvious? What if I said I'd been tired
and lost a few kilos, not sure, but nothing is acute though, so it could be just anything else
but diabetes,  then you do a sugar.  It'd  be,  I  wouldn't  say I  think he had it,  I  think,  is  it
possible? Yeah, it's possible. So that might prompt me to do the fingerprick test.” – GP 6

“It's almost as if the pop up needs to say, instead of saying, do you think this child has?
Because that's kind of what's most likely. Yeah, it could be like, is there a chance this child
has type one? Something a bit more, not on the balance of probabilities, but more on, you
don't want to miss type 1, so is there a chance this child has type 1?” – GP 5

(2) Increasing language specificity to tailor the tool optimally for the point of care:

There was consensus regarding increasing the specificity of the language within DIRECT-T1DM. In

sum, time pressure in practice necessitates pop-up alerts with information that is short, sharp, and

directly actionable at the point of care. Increasing specificity of language within the tool will also
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decrease the cognitive load required of the GP to interpret it mid-consultation. This is important with

our tool, as it is disruptive by design.  The initial question “Do you think that this child has type 1

diabetes?” was appraised as fitting within the needs of GPs during that point of the consultation, as it

was concise and interrupted their clinical decision making at an appropriate point in time.

“It’s good. It’s a simple question. Because it’s giving you a differential that you may or may
not have.” – GP 3
“That’s why it’s good to be reminded. Hang on, stop, clinical point here. We want you to you
know it’s really good to check the sugars now because this person at high risk who might
need urgent action.” – GP 6

When GPs selected ‘Yes’ to the initial question, they are prompted to complete a point of care test

instead  of  pathology  testing,  to  prevent  deterioration  to  DKA.  GPs  agreed  that  the  information

provided within this tool was necessary and specific enough for actioning within the time available.

The provision of reference ranges and instructions for further management should the child have

hyperglycaemia was clear and helpful. More emphasis could have been placed on the initial part of

the messaging, to emphasise the purpose of the point of care testing, and decrease the cognitive load

required to interpret the messaging within this part of DIRECT-T1DM.

“It’s really clear - you know what's normal and what's abnormal and when the child needs to
go to emergency and how urgently.” – GP 3

“I like the fact that it reminds you of the reference ranges for [blood glucose levels]” – GP 2 

“I think I'd change it to make [a point of care blood test] really stand out. Yeah. Yeah, maybe
even like, a box like. "Please check your pinprick sugar and urine ketones.” I would make
those stand out, like bang and bang. That’s the important information. That's the action.
This is what to do with information.” – GP 6

When GPs select ‘No’ in response to DIRECT-T1DM’s initial prompt (Do you think this child has

type  1 diabetes?),  GPs were confused by the phrase ‘not  indicated as  part  of  routine  paediatric

screening processes.’ Some pointed out that there are no routine paediatric screening processes in

general practice. 

“[Reading DIRECT-T1DM recommendation] ‘These tests are not indicated as part of routine
paediatric screening.’ I'm a little confused by that.” – GP 1
“I guess it's a bit confusing because it's saying you shouldn't use them as a routine screening.
There's not really any, not really much routine paediatric screening. Yeah, like there's not
bloods that we order on every child. The routine immunization and, you know, once they get
to a certain age, cycle screening all that, but I'm not quite sure what that means.” – GP 5

Others believed that the text was too restrictive and prescriptive for the context of general practice.

The  consensus  recommendation  was  rephrasing  of  the  text  to  centralise  and  emphasise  its  key

purpose. One GP also stated that due to its restrictive nature, it would be a recommendation that
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would be resented and not utilised in the community. 

“I would word it differently. "This is only to be requested as part of targeted screening.” I
think this sounds too prescriptive and that it doesn’t…. Because that doesn’t take into account
experience, what the patient might want, etc, their baseline, you know.... So, I suppose, I don’t
want that. I would just click out of it and order the test…It would be another annoying,
that’d be an annoying pop up for me. Wouldn’t be helpful.” – GP 6
“Yes, I think less words... So, if you’re trying to make people more aware of missing type one
diabetes, I would just focus on that rather than sort of talking about routine screening.” – GP
5

Several GPs also reported that they would prefer a brief explanation of what osmotic symptoms are,

or to replace this phrasing with more specific language delineating these symptoms instead.

“Is  this  bit  about  risk?  So  regardless  of  BMI  status,  especially  if  osmotic  symptoms are
present. Osmotic symptoms. Would be more helpful if that was a bit more specific.” – GP 2

Positioning on-screen: 

GPs reported that available time in clinic to review pop-ups while seeing patients is often limited,

and as a result pop-ups that appear may be relegated to lower priority of items they must address

during a consultation. 

“Just with that, it is just time pressure. So, I’m guilty of it. Like if I’m running behind and the
pop up will just appear in the background and I probably won’t look at it, even though I’m I
know I’m supposed to.” – GP4

“I just feel sad that I just don’t even notice the Future Health Today ones as much now… and
I  wish  I  did,  but  I  just  don’t  because,  as  I  said,  I  think  there’s  so  much  happening  in
consultation and it’s just another thing, you know. Yeah, it just that’s one thing I can ignore
and pull my energy into the patient.” – GP 6

However, GPs felt that DIRECT-T1DM’s attention grabbing central screen position with bold font,

which  is  different  from the  location  of  other  FHT  prompts,  assists  them  in  engaging  with  the

directive in the pop-up, even when this time pressure exists. They felt as though they were less

likely to miss this pop-up, even when under pressure to undertake a consultation in a short amount

of time or impacted by alert fatigue, and could use the alert to also engage with patients about the

importance of referral if required. 

“As a registrar, I’m acutely aware of the limitation of just the less experience you have, the
more likely you are to miss things. So, if you have something to remind you or to make you
think naturally, you’ll remember the differential that you had, and particularly when you’re
struck for time, running late, all that, all those factors that make us, rush or forget things
and that sort of a safety net for us to remember and to not under- or over-investigate them.”
– GP 3
“I like that it's, you know, big bold letters. Stop. Consider type one diabetes. I think it's just
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the right level of sort of intrusive. You know it, it should pop up and be in the middle of the
screen.  It's appropriate.” – GP 2

“It's also something you could even just show the patient or the parents as well, because if
it's a sort of clinical decision-making thing, a lot of people don't like the idea of having to go
to emergency... So, this I think is helpful that it's right on the screen there. I use it for drug
interactions as well.” – GP 5

Visual structure and design:

GPs  indicated  that  optimizing  DIRECT-T1DM  to  have  a  more  simplistic  visual  structure  will

increase their engagement with the tool and contribute significantly to decreasing the cognitive load

required to appraise the information held within the tool, allowing them to draw the rest of their

attention into the patient during the consultation. GPs all agreed that the clinical recommendations

had  too  many  words.  Some  GPs  recommended  checkboxes,  while  others  suggested  that  the

information was provided in a two-step structure: (1) complete a point of care test now to prevent

deterioration into DKA and (2) reference ranges and further action depending on the point of care

results.

“…maybe with the first part just have the first line. So please check for hyperglycaemia now
and then point of care test and then maybe have another to pop up afterwards….so I think it
just breaks it up. That's just probably me, because I think, just I don't like to read too much
text on my screen.” – GP 4

Links and guidelines:

GPs who suspected a diagnosis of type 1 diabetes were directed to Royal Australian College of

General  Practitioners  (RACGP) “Management  of  Hyperglycaemic  Emergencies”  document;  GPs

would have preferred it if the link immediately directed them to the flowchart for management. The

links providing guidance when type 1 diabetes was not suspected (Management of type 2 diabetes: A

handbook for general practice(20), and the APEG Type 2 diabetes screening guidelines(21)) were too

long, 198 and 14 pages respectively, and did not contain direct and focused instructions that could

direct treatment at the point of care. 

“If you select the type 2 or you don't think that it's type 1 diabetes, that one I found a little
bit more confusing… And that the link didn't really give me any good specific information on
a, you know, a child, a child with suspected type 2 diabetes..” – GP 1

“… I think it's a little bit confusing the way it hooks between the type 2 and type 1 and refers
to sort of very long guidelines and things. And I think the focus should just be on diagnosis
and screening, like management is a sort of tomorrow problem…You're probably not even
going to not to find the section in the time frame that you have to make a decision...” – GP 5 

Several GPs suggested also adding a patient information sheet to DIRECT-T1DM, to aid in explaining

the child’s situation to parents that go to emergency following a visit with the GP.
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“But when you send the hospital, the other pop up which would be useful would be probably
a fact sheet for parents as well…. What diabetes is, what the management is,  why we're
worried about it and why we have to send to the ED.” – GP 2

Colour, font style and emphasis:

Red colouring was suggested in place of the green colour scheme embedded within DIRECT-T1DM,

due to a desire for this to raise alarm among GPs regarding the safety of the child and the urgency of

their situation. A more consistent style of font was desired across all parts of DIRECT-T1DM. Other

signifiers  of  emphasis  on  our  tool  were  desired,  such  as  exclamation  marks,  bold  font,  and

underlining. 

“Oh, actually I like the colour, it's calming. But I wonder if red makes it more like... more like
a health alert or something, you know. You want it to sort of bang!” – GP 6

Construct 2: Relative Advantage 

Relative advantage refers to the extent to which the innovation is better than existing innovations

targeting  the  same issue,  or  current  practice(17).  Two themes  emerged when discussing  relative

advantages with interviewees: (1) Access to CDS compared to GP education or public awareness

campaigns and (2) Relative advantage in cases where T1D may not be initially recognized by GPs.

Education programs may be desired alongside DIRECT-T1DM

Some GPs felt that an awareness campaign or GP education may also be helpful in the prevention of

DKA and that these preferences would likely vary by GP. Implementation of DIRECT T1DM could

benefit from pairing with an awareness campaign.

“I think [DIRECT T1DM’s] one part of the solution. I think probably awareness raising both
with the general public and in general practice. Both of those factors can complement each
other.” – GP 1

DIRECT-T1DM should be used in conjunction with other methods in cases where T1D is hard to

recognize: 

GPs were additionally concerned with whether they are keeping paediatric T1D front of mind during

their day-to-day consultations. Some GPs expressed that this could result in delays that would not

be  addressed  by  the  DIRECT  T1D  tool  which  focussed  on  potentially  inappropriate  pathology

requests. Many GPs stated that they would like a prompt that would help them consider T1D, based

on the child’s prior medical history or triggered based on the symptom input at that consult. This

way, diabetes is kept front of mind, they can complete a finger-prick, and direct future management

as is required. DIRECT-T1DM’s trigger point, following ordering of diabetes related pathology, may

not catch all children who attend general practice with new onset T1D.
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“It would be great if we had this artificial [intelligence] system that can [read] through the
patient history and detect type one [diabetes] for the children and then just [tell the GP]
consider [diabetes] or something.” – GP 3
“Just trying to think. Like whether it would also be useful and maybe future health today
already does this, but like even just weight loss in someone under 18. Like it would almost be
good if that could trigger [DIRECT-T1DM] alone.” – GP 5

GPs also felt that diagnosis is also made difficult due to the paediatric setting, as children are unable

to verbalise their symptoms as well as an adult may be able to, limiting their capacity to give an

accurate history.  Children may also vary more widely in their  presentation,  with symptoms less

attributable to T1D.

“I think the challenges initially are going to be because they're a child. So, the younger they
are, the less capacity they have to give you a history, and you're relying on parents or carers
for information. I think the other difficulty with children is that they probably present, maybe
less typically and perhaps with symptoms that you might not necessarily associate with you
know, diabetes, new onset diabetes.” – GP1 

GPs attributed the relative obscurity of T1D related symptoms,  combined with the lack of time

available in practice as another potential reason why they may elect to order the pathology test

externally rather than complete point of care testing. Often symptoms of T1D sit in a ‘grey area’ and

the urgency of a diagnosis may not be apparent, as children may appear well, or not any less well

than children with other common conditions, such as viral illnesses. 

“Yeah. So, it prompts you to do the point of care testing. Yeah, which a barrier often is time.
Yeah, I think, yeah. If I'm honest, it's the right thing to do. And we should always do it. But if
I'm meeting this child the first time, they're just taking a real long history…maybe it's easier
for me to just order the [test] and the blood test form and send along.” – GP 3

“Because this guy is, I'm worried about. OK, I'll probably send to hospital. Do you see what
I'm saying? So, it's more the grey, the grey area thing. So, I think I think it's a good idea to do
it to prompt the GP to do a pinprick at a lower level of suspicion.” – GP 6

INNER SETTING DOMAIN:

The inner setting domain is the setting within which the intervention is implemented(17). In our case,

this  would  be  the  general  practice  clinic.  The five  constructs  within  the  ‘Inner  setting  domain’

predominantly assessed in our interviews were tension for change, relative priority, compatibility,

learning centeredness and IT infrastructure.

(1) Tension for change: 

GPs welcomed the implementation of DIRECT-T1DM, thus recognizing the need for a change to the

current practice. Two GPs were also aware of children attending the emergency department in DKA
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in part due to delay from pathology test requests, emphasising the need for the implementation of

DIRECT-T1DM because of its benefits to patient safety. The other GPs still recognised a need for

change to current practice, even if they were not aware of any specific patient circumstance relating

to DKA presentation as a result of delayed diagnosis of T1D. They valued the introduction of DIRECT-

T1DM because of its purpose as a safety mechanism to ensure that patients in urgent need of care

receive it in a timely manner.

“You  hear  about  people  attending  emergency  and  being  diagnosed  [with  T1D].  So,  if
someone were to sort of walk into my room with [T1D], I wouldn't mind a sort of slightly
alarmist pop up.” – GP5 

“I'd prefer to do some sort of point of care test whether it's a, you know, a pinprick or a
urine, at least to get an idea of where we're at. Yeah, on the spot rather than doing the
pathology. So, I think that recommendation is very reasonable.” – GP 1

(2) Relative priority:
Despite receiving numerous electronic pop-ups and alerts each day, GPs stated that DIRECT-T1DM

would have a higher relative priority when compared to other interventions. This is because they do

not anticipate encountering it often, and its purpose in preventing deterioration to DKA heightening

the likelihood that they would engage when it does appear.

“So, I think yeah, based on that because it's a paediatric age group and cohort then probably
wouldn't, you wouldn't get it often, so that when you did get it you would take it seriously” –
GP 3 

(3) Compatibility 
GPs stated that  DIRECT-T1DM integrates  well  with  their  workflow,  as  it  interrupts  their  clinical

decision-making at the exact right point in time, where they go to press ‘print’ on a pathology test,

giving  them  the  chance  to  reverse  their  choice,  ascertain  the  safety  of  continuing  with  the

pathology testing, and move on from there. GPs found the flow of the instructions within DIRECT-

T1DM to be compatible with their workflow, as the provision of reference ranges for blood glucose

levels enables them to direct future management on the spot, saving time that would have been

spent  looking for  the appropriate guidelines.  As  previously  stated when appraising intervention

design, the structure and visual aspect of the tool could be improved to decrease the cognitive

workload placed upon the GP.

“And I think it comes up at the right time, like when you're sort of, you know, maybe you're
sort of trying to decide do I order bloods and bring them back or do I actually just need to
send them now? Like  it's  a  good prompt  at  that  time,  or  you've  got  the  file  open and
everything, yeah.” – GP 5
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(4) Culture – Learning Centeredness

GPs had a positive attitude toward the implementation of this tool. Most GPs recognized that since

they did not see a large proportion of paediatric patients day-to-day, that they may de-skill in how to

treat paediatric patients. As a result, they welcomed DIRECT-T1DM as a learning opportunity. 

“Like it's not that often that I'm ordering a sugar test, in a young person, that it would, you're
not going to sort of get pop up fatigue from it. I think it would be generally, especially maybe
because we don't see a huge proportion of paediatric patients [in this clinic]... it's almost more
necessary I think, because you have to think of what is going to affect them differently as to a 60
year old male or whatever, but they're almost a different species in a lot of ways. So yeah, you
kind of deskill a little bit if you're seeing less of them.” – GP 5

Younger  doctors  recognised  that  in  their  teaching  practices,  there  is  an  emphasis  on  evidence

based, guideline driven tools for learning. As a result, they acknowledged that their practices may

be more open to DIRECT-T1DM in comparison to other, non-teaching practices that may not have

such a strong emphasis on learning. 

“From my experience with talking with other clinicians about this, the people who seem the
most interested and accepting of it are property more junior or doctors who have maybe
graduated, you know, maybe within the last five to 10 years, I think because they're a little
less  fixed  in  their  in  their  ways  and  the  way  they  practice,  very  guideline  driven,  very
evidence driven and sort of.  I  think would appreciate these tools whereas I  think maybe
some older clinicians who have like vast amount of personal experience probably might not
be as accepting of it.” – GP 2
“I think most people would find it helpful, even those that are very experienced, you know,
for the most part. Lifelong learners as doctors and really open to changes in guidelines and,
you know, being prompted to consider things that may not have. I think teaching practices in
particular, and obviously as a registrar, you're in a teaching practice. So yes, most people are
pretty open to it.” – GP 3

(5) IT Infrastructure 

DIRECT-T1DM requires installation of Future Health Today clinical decision support software. Not

all GPs interviewed practiced in clinics with Future Health Today installed. GPs without adequate IT

infrastructure reflected that it may be harder to convince practices to install CDSS that sits outside

their electronic medical record system than to adopt the DIRECT-T1DM intervention. As a result,

this is a barrier that would decrease the usage of DIRECT-T1DM.

“That would be the barrier,  yes. Not so much the usefulness of the pop up, but actually
getting additional software or software that engages with the EMR and has the potential to
have privacy issues.  I  think other  general  practices  are wary  of  because of  data breach
episodes…”– GP 1

Some GPs mentioned that DIRECT-T1DM was similar to adverse drug interaction alerts  that are
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already embedded within their EMRs (without the use of Future Health Today), and they believed

that DIRECT-T1DM could be implemented into community general practice this way. For example,

GPs saw this support tool as being a potential integration within EMR Software Best Practice, used

by 65.8% of Australian general practices(22).

OUTER SETTING DOMAIN: 

The Outer Setting in CFIR refers to the broader context in which the Inner Setting resides(17), this

case the broader healthcare system. DIRECT-T1DM could be optimised to fit considerations that

exist due to the Outer Setting.

External pressure: Secondary and tertiary care considerations:

Some GPs felt  that  over-referring to  the emergency department  (ED) was a  consideration when

assessing children with potential T1D. GPs were conscious of the exacerbated wait times that exist

within  emergency  departments  currently,  however,  believe  that  the  risk  of  over-referral  was  an

acceptable  risk  given  the  consequences  of  undiagnosed  T1D.  DIRECT-T1DM  was  helpful  in

reinforcing and encouraging the clinical decision to refer to the emergency department.

“I guess there's a risk that, and maybe an acceptable risk, that you over refer to ED, and that
you're sending people to ED that just have a viral illness… So yeah, I guess that's a real, it's a
consideration right now. It is so swamped.” – GP 3
“Yeah, I'm probably just going to send them to emergency, but this is kind of good, I think, to
back up your decision making or if you're not quite sure you did the right thing.” – GP 5

When  engaging  with  clinical  decision  support  recommendations  with  type  1  diabetes  was

suspected,  GPs  found this  to  be inclusive  in  its  instructions to refer  to the nearest  emergency

department. This is because not all practices will have access to paediatric endocrinologists, which

for some is related to location of practice in relation to tertiary settings. Instead, such practices

would refer the child to the nearest emergency department where they are also equipped to treat

DKA.  In  contrast,  participants  identified that  the clinical  decision support  recommendations  for

treatment of type 2 diabetes, may not be inclusive of all practices where access to paediatricians for

the treatment of type 2 diabetes may be limited,  due to wait  times and financial  barriers.  GPs

recommended tailoring the information in this section of the pop-up.

“I  guess  this  is  worth  bringing to  people's  attention.  Just  to  discuss  with  the  paediatric
specialists. However, in my current clinic access to paediatric specialist is really challenging.
For a variety of reasons: wait times, financial barriers. Yeah. So, I feel like that's good, that's
nice, yeah. But in reality, as a GP, you gotta do something while [the patient’s] waiting to be
seen.” – GP3 

https://preprints.jmir.org/preprint/60411 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Beccia et al

External pressure: Societal stigma

Societal  stigma surrounding diabetes and pre-conceived expectations regarding the consultation

may play a role in how the instructions in the DIRECT-T1DM intervention is communicated. Parents

or patients may not expect that they are referred to the emergency department following a visit to

the GP for relatively non-specific symptoms. 

“Definitely, if you come in, and… you've got some something on the screens telling you've
got  diabetes.  Yeah,  you'd  be  pretty  distressed.  And  I  think  that  there's  a  lot  of  stigma
associated with diabetes. And if you're getting that as a child, it's amplified.” – GP 3
“I think it would take a bit of explanation to try and give the parent the idea that there's a
couple of types of diabetes, type 1 diabetes, yes, they need regular insulin. But if they don't
get their insulin, they get very sick, very quick. Yeah, so, you'd have to sort of really, you
know, explain, or emphasize the need for urgent care.” – GP 1

Table 2 summarises how the context provided in the interviews shaped design recommendations

pertaining to DIRECT-T1DM. 
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Table 2 Summary of the relationship between the outer setting, implementation process domain and innovation domain.

Context provided in interviews: DIRECT-T1DM design recommendations
(INNOVATION DOMAIN)

Alert fatigue: Pop-ups are easy to disregard. Advantage of DIRECT-T1DM’s central design. Further recommendations were made to increase how alarmist our
pop-up was (add red font/colouring, add exclamation marks, add capital letters)

Cognitive  load  and  time  pressure:  Too  much
information to appraise to make a decision within the
timeframe available.

DIRECT-T1DM has the key information, it  should be emphasised further, with links and other information still
there, but minimised.

Workflow compatibility:  Time availability  may play a
role  in  referring  the  child  for  external  laboratory
testing rather than conducting point of care testing.

Further recommendations to increase relative priority of DIRECT-T1DM: alarmist colours, bold font, emphasis on
prevention of deterioration to DKA.

Relative  advantage:  Time  availability  increases
difficulty  to  recognise  when  a  patient  is  presenting
with T1DM.

Out of scope for DIRECT-T1DM. Further support is required to address this issue.

Relative advantage: Symptoms are non-specific, easily
attributable to other, more common illnesses.  Safety
netting: what happens when you don’t even think of
T1D as a possible diagnosis?

DIRECT-T1DM is  triggered following initial  suspicion of  T1D,  as  a  diabetes  related pathology test  is  required.
Consideration of a complementary decision support tool addressing these concerns would be beneficial.

Relative priority: ‘Grey area’  cases,  pathology testing
for T1D is likely at a low level of suspicion

DIRECT-T1DM can improve in communicating the importance of conducting point of care tests, even at a lower-
level suspicion of T1D. This includes suggested changes to language, colour of the pop-up, and restructuring of the
information in the part of the alert that occurs when GPs suspect T1D.

External  pressure:  ‘Swamped’  emergency
departments: GP concerns regarding over-referral

DIRECT-T1DM’s inclusion of  links  to guidelines from sources  with strong evidence bases  (e.g.  RACGP) aids in
affirming the decision to refer.

External  pressure:  Paediatric  specialists  may  not  be
accessible for all clinics in the treatment of adolescent
type 2 diabetes

DIRECT-T1DM should include more direct and focused information for the screening, diagnosis and management
for adolescent type 2 diabetes and/or polycystic ovary syndrome.

Consumer  information:  Patients  and  caregivers  may
require  additional  information  about  diabetes  and
future  management  while  they  are  transferred  to
emergency.

A plain language statement,  or information sheet for patients and their caregivers should be included within
DIRECT-T1DM, to provide for families where hyperglycaemia is confirmed, and they are sent to the emergency
department.
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Discussion

Summary 

Major themes were identified within seven constructs across four CFIR domains: outer setting,

implementation  process,  inner  setting,  and  innovation.  Acceptability  of  the  initial  DIRECT-

T1DM clinical prompt and recommendations when type 1 diabetes was suspected was strong,

because of its straightforward design and the fact that GPs did not anticipate seeing it often, and

the severity of the consequences associated with DKA. Design recommendations were driven

primarily by desire for information to be highly specific to management at the point of care, as

well  as  to  adjust  the  design  packaging  to  render  it  more  ‘alarmist.’  Acceptability  of

recommendations in DIRECT-T1DM when the GP did not suspect type 1 diabetes was mixed:

some GPs  found that  the  information  provided  was  not  specific  enough  to  children,  others

appreciated  the  reminder  regarding  risk  of  T1D  despite  BMI  status.  One  GP  found  this

recommendation not to be useful and would ignore it in practice.

Strengths and weaknesses

The  think  aloud  protocol  was  advantageous  as  it  allowed  for  recognition  of  instantaneous

response  to  the  tool.  A lot  of  the  feedback  about  design  packaging,  relative  priority,  and

usefulness  of  the  tool  was  collected  upon  on-the-spot  interaction  with  DIRECT-T1DM.

Participants then had a chance to elaborate on their feedback in the post-simulation interviews.

This is in line with what previous comparisons between ‘think aloud’ and ‘near live’ simulation

studies have identified(16). However, it has also been identified that ‘think aloud’ protocols are

not  as  beneficial  when compared to  ‘near  live’ protocols  when assessing  compatibility  with

workflow  and  relative  priority(16).  As  a  result,  our  conclusions  regarding  workflow

compatibility  and  priority  may  be  weakened.  Future  simulation  studies  involving  GPs  can

consider  the  ‘think  aloud’ protocol  as  a  tool  for  evaluating  clinical  decision  support  tools,

especially in cases where it is unfeasible to adopt a ‘near live setting.’ Times where GPs can

pause and take a break should be considered within the interview design, as the ‘think aloud’

process may induce a higher than usual level of burden on the participant. 

We elected to recruit a small sample of GPs (n=6). This sample size may pose limitations toward

the application of our conclusions to the wider population. Furthermore, the interviewer (CB)
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had pre-existing professional relationships with three of the GPs taking part in the simulations

prior to the initiation of the study. One GP had collaborated on a different study involving DKA

prevention research. We recognise that this may skew perceptions favourably toward DIRECT-

T1DM.

Adoption of CFIR(17) allowed for in depth analysis of the effect of different settings, contexts

and GP needs on design considerations and optimisations for our tool. We were able to identify

critical clinical context surrounding the challenges in diagnosing T1D, and how we can improve

our tool to meet the needs that arise because of these challenges. We also identified a need for

embedded risk prediction tools in general practice for the development of paediatric T1D, to

respond to the challenge of recognising T1D in children with non-specific symptoms in busy

general practice.

Comparison to existing research 

Prior research has demonstrated that facilitating GP needs within the context of the Inner and

Outer Settings is beneficial to intervention adoption(23). Having a short amount of available time

in general practice is commonly reported among interviewees, not only in our study, but across

the country(24). This influences the amount of time that GPs would like to spend using a clinical

decision  support  tool,  emphasising  the  need  to  tailor  it  for  useability  at  the  point  of  care.

Secondary care considerations of emergency department over-referral, and patient perception has

to  our  knowledge,  not  been  explored  within  the  research  involving  early  T1D  recognition.

However, it has in the broader general practice context, where concerns of over-referral(25), and

the  tool’s  influence  on  patient  perceptions,  as  well  as  communication,  have  been

documented(26). Our study supports that design considerations should involve appraising the

time spent understanding and deciding about the information within the tool.

Difficulty in diagnosing paediatric T1D stemmed from a combination of lack of available time in

consultation to consider it as a possibility, non-specific presentations, and the relative scarcity of

children  with  T1D in  the  population.  This  is  consistent  with  existing  qualitative  interviews

assessing the challenges in receiving a T1D diagnosis(5, 27, 28). The influence of new-onset

T1D on a GP’s workload was exemplified in  our study, as in a combined ~80 years  of GP

experience, only one patient was diagnosed with new-onset T1D. This is different to existing

qualitative interviews which targeted GPs that had previously diagnosed children with new onset

T1D. This informs an existing research gap, as the perceptions of GPs who have not previously
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seen new-onset T1D in practice may be more reflective of most GPs’ experiences and attitudes

when encountering a clinical decision support tool, like DIRECT-T1DM. Including GPs without

a  prior  experience  diagnosing  T1D  at  new-onset  increases  the  representativeness  of  GPs’

perceptions of the challenges and barriers to diagnosing T1D, and may demonstrate differences

in  perceptions  of  how a  child  may present  at  new-onset  when compared to  GPs  who have

diagnosed T1D in the past.

Existing research studies assessing pathology referrals from general practice are quantitative in

nature(6, 9, 29, 30). Our study provides clinical context as to why this may be occurring in

general  practice.  We  identified  that  the  burden  of  time  pressure  may  influence  general

practitioners to preference laboratory testing instead of point of care testing. Additionally, GPs

may have elected to conduct the pathology test instead of point of care testing in cases where

their suspicion of T1D is low, as part of a broader panel of tests to narrow down the child’s

diagnosis.  Prior  qualitative interviews with general practitioners who have diagnosed a child

with new-onset T1D have demonstrated that often the child may present ‘well’ and not at a level

of severity that would induce suspicion of T1D or evoke a  sense of urgency to refer  to the

emergency department(5). Combining our findings with this existing research may demonstrate

that pathology tests that delay diagnosis of T1D may be requested in general practice because

symptom presentation is not specific enough to diabetes, or severe enough to evoke a sense of

urgency from the GP’s perspective. This in turn modifies our design considerations for the tool,

embedding language that encourages GPs to exclude paediatric T1D as a possibility, even at a

lower level of suspicion.

Acceptability  of  DIRECT-T1DM as  a  concept  was  high.  This  is  because  of  its  capacity  to

increase patient safety, and because GPs did not anticipate encountering the tool often. This is in

line  with  existing  research  evaluating  clinical  decision  support  tools,  as  timing of  advice  is

important to whether GPs engage with in in practice(14, 31). Design considerations provided by

GPs were intended to improve ease of use, fit into workflow, involvement of patients, and the

presentation  and  specificity  of  advice.  Existing  research  has  demonstrated  that  these  are

important  facets  of  innovation  design,  particularly  with  clinical  decision  support  tools,

influencing the degree to which they are utilised in practice(32).  

Implications for future research

This study informs the optimisation of DIRECT-T1DM, confirms the likely clinical utility as
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well as end-user acceptability. As a consequence of this investigation, alterations to DIRECT

T1D will be made, including more alarmist colouring, specific language and guidelines, and a

patient information handout will be developed. We anticipate that these optimisations to the tool

will  enhance  useability  and  acceptability.  DIRECT-T1DM  could  also  be  integrated  into

electronic medical record systems such as Best Practice, rather than embedded within Future

Health Today, and this important preliminary work informs integration of our tool, ensuring that

it is acceptable and useful prior to broader implementation.

All GPs within our study identified a need for an additional clinical decision support tool for the

context of new onset paediatric T1D where early symptoms are non-specific and may be under-

appreciated by the GP and carers alike. It was noted in this study and in existing literature that

usually T1D related symptoms are not deemed serious enough by the patient to be reported as the

presenting  complaint  when  attending  general  practice(5,  27,  28).  Since  DIRECT-T1DM  is

triggered upon request of a diabetes related pathology test, it will not address cases where T1D is

not ‘front of mind.’ Future research can consider development of risk prediction tools for the

purposes of alerting GPs when a child is at high risk of developing T1D prior to the consultation.

Our  investigation  also  demonstrates  that  a  ‘think  aloud’ protocol  is  suitable  for  qualitative

evaluation of CDSS tools when it is unfeasible to adopt a near-live simulated protocol.

Acknowledgements: We acknowledge the Validitron Centre for Digital Transformation of Health,

at  Melbourne  Connect.  In  particular,  Kit  Huckvale,  and Hasan Ferdous  for  their  support  in

facilitating  the  simulation  sessions.  we  acknowledge  the  NMHRC  Centre  for  Research

Excellence in Digital Technology to Transform Chronic Disease Outcomes for their support in

funding the publication of this manuscript, and for funding the reimbursement of our GPs for

their  participation.  We also  thank A/Prof  Roy Rasalam and  A/Prof  Ralph Audehm for  their

involvement and feedback on the initial prototypes of DIRECT-T1DM. We would also like to

acknowledge  Sean  Lo  and  the  Future  Health  Today  team,  who  built  the  DIRECT-T1DM

Software and readied it for evaluation. 

Conflict of Interest: The authors declare no conflict of interest. 

Funding  disclosure: Funding  from  the  NHMRC Centre  for  Research  Excellence  in  Digital

Technology to Transform Chronic Disease Outcomes supported reimbursement of the general

https://preprints.jmir.org/preprint/60411 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Beccia et al

practitioners for their participation, and for publication of this manuscript. Software development

was  funded  by  the  2021  MCRI  Population  Health  Theme  Funding,  $20,000  awarded  for

Integration of a clinical decision support system to optimise the diagnosis and early management

of paediatric type 1 diabetes mellitus (T1DM) in the primary care setting.

References:

1. Atlas G, Rodrigues F, Moshage Y, Welch J, White M, O'Connell MA. PRESENTATION OF
PAEDIATRIC TYPE 1 DIABETES IN MELBOURNE, AUSTRALIA DURING THE INITIAL STAGES OF THE
COVID-19 PANDEMIC. J Paediatr Child Health. 2020;56(10):1654-5.
2. McMorrow R, Beccia C, Kilov G, White M, Manski-Nankervis J-A. Diabetes Emergencies:
Identifying  and  managing  HHS  and  DKA.  Diabetes  Management  Journal.  2023(November
2023):36.
3. Aye T,  Mazaika PK,  Mauras N,  Marzelli  MJ, Shen H, Hershey T,  et al.  Impact of  Early
Diabetic Ketoacidosis on the Developing Brain. Diabetes Care. 2019;42(3):443-9.
4. Moffett MA, Buckingham JC, Baker CR, Hawthorne G, Leech NJ. Patients' experience of
admission to hospital  with diabetic ketoacidosis and its psychological impact: an exploratory
qualitative study. Practical Diabetes. 2013;30(5):203-7.
5. Usher-Smith JA, Thompson MJ, Walter FM. 'Looking for the needle in the haystack': a
qualitative  study  of  the  pathway  to  diagnosis  of  type  1  diabetes  in  children.  BMJ  Open.
2013;3(12):e004068.
6. Rugg-Gunn CEM, Dixon E, Jorgensen AL, Usher-Smith JA, Marcovecchio ML, Deakin M,
Hawcutt DB. Factors Associated With Diabetic Ketoacidosis at Onset of Type 1 Diabetes Among
Pediatric Patients: A Systematic Review. JAMA Pediatrics. 2022;176(12):1248-59.
7. Usher-Smith  JA,  Thompson  MJ,  Sharp  SJ,  Walter  FM.  Factors  associated  with  the
presence  of  diabetic  ketoacidosis  at  diagnosis  of  diabetes  in  children  and  young  adults:  a
systematic review. Bmj. 2011;343:d4092.
8. Craig ME, Wong CH, Alexander J, Maguire AM, Silink M. Delayed referral of new-onset
type  1 diabetes  increases  the  risk  of  diabetic  ketoacidosis.  Medical  Journal  of  Australia.
2009;190(4):219-.
9. Rodrigues F,  O'Connell MA, White M. A point-of-care test increases same-day referral
and reduces  DKA in  children with new-onset  type 1  diabetes.  Australian journal  of  general
practice. 2021;50(4):246-51.
10. Mayer-Davis  EJ,  Kahkoska AR,  Jefferies C,  Dabelea D,  Balde N,  Gong CX,  et  al.  ISPAD
Clinical  Practice  Consensus  Guidelines  2018:  Definition,  epidemiology,  and  classification  of
diabetes in children and adolescents. Pediatr Diabetes. 2018;19 Suppl 27(Suppl 27):7-19.
11. Deed G M-NJ, et al. . RACGP Emergency Managemenet of Hypeerglycaemia Guidelines:
Royal  Australian  College  of  General  Practitioners  and  Australian  Diabetes  Society;  2018
[Available  from:  https://www.racgp.org.au/clinical-resources/clinical-guidelines/key-racgp-
guidelines/view-all-racgp-guidelines/emergency-management-of-hyperglycaemia.
12. Sutton RT, Pincock D, Baumgart DC, Sadowski DC, Fedorak RN, Kroeker KI. An overview of
clinical decision support systems: benefits, risks, and strategies for success. npj Digital Medicine.
2020;3(1):17.
13. Hunter B, Alexander K, Biezen R, Hallinan CM, Wood A, Nelson C, Manski-Nankervis JA.

https://preprints.jmir.org/preprint/60411 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Beccia et al

The  development  of  Future  Health  Today:  piloting  a  new  platform  for  identification  and
management of chronic disease in general practice. Aust J Prim Health. 2023;29(1):8-15.
14. Westerbeek L, Ploegmakers KJ, de Bruijn G-J, Linn AJ, van Weert JCM, Daams JG, et al.
Barriers and facilitators influencing medication-related CDSS acceptance according to clinicians:
A systematic review. International Journal of Medical Informatics. 2021;152:104506.
15. Melbourne Uo. The Digital Health Validitron: Centre for Digital Transformation of Health;
2023 [Available from: https://mdhs.unimelb.edu.au/digitalhealth/our-work/validitron.
16. Richardson S, Mishuris R, O'Connell A, Feldstein D, Hess R, Smith P, et al. "Think aloud"
and "Near live" usability testing of two complex clinical decision support tools. Int J Med Inform.
2017;106:1-8.
17. Damschroder LJ,  Reardon CM, Widerquist  MAO, Lowery J.  The updated Consolidated
Framework  for  Implementation  Research  based  on  user  feedback.  Implementation  Science.
2022;17(1):75.
18. Sanci  L  T-SM,  Ouroumis  A,  Henty  J  VicREN:  Victorian  primary  care  practice-based
Research and Education Network Melbourne: University of Melbourne; 2022 [Available from:
https://medicine.unimelb.edu.au/school-structure/general-practice/engagement/primary-care-
community/research/vicren.
19. Sarkies  M,  Long  JC,  Pomare  C,  Wu  W,  Clay-Williams  R,  Nguyen HM,  et  al.  Avoiding
unnecessary  hospitalisation  for  patients  with  chronic  conditions:  a  systematic  review  of
implementation  determinants  for  hospital  avoidance  programmes.  Implementation  Science.
2020;15(1):91.
20. Royal Australian College of General Practitioners DA. Management of type 2 diabetes: A
handbook  for  general  practice:  RACGP;  2020  [Available  from:
https://www.racgp.org.au/getattachment/41fee8dc-7f97-4f87-9d90-b7af337af778/
Management-of-type-2-diabetes-A-handbook-for-general-practice.aspx.
21. Peña  AS,  Curran  JA,  Fuery  M,  George  C,  Jefferies  CA,  Lobley  K,  et  al.  Screening,
assessment  and  management  of  type  2  diabetes  mellitus  in  children  and  adolescents:
Australasian Paediatric Endocrine Group guidelines. Med J Aust. 2020;213(1):30-43.
22. Health AIo, Welfare. Practice Incentives Program Quality Improvement Measures: annual
data update 2022-23. Canberra: AIHW; 2023.
23. Breimaier HE, Heckemann B, Halfens RJ, Lohrmann C. The Consolidated Framework for
Implementation Research (CFIR): a useful theoretical framework for guiding and evaluating a
guideline implementation process in a hospital-based nursing practice. BMC Nurs. 2015;14:43.
24. Schattner  PL,  Coman  GJ.  The  stress  of  metropolitan  general  practice.  Med  J  Aust.
1998;169(3):133-7.
25. Conlon C, Nicholson E, Rodríguez-Martin B, O’Donovan R, De Brún A, McDonnell T, et al.
Factors influencing general practitioners decisions to refer Paediatric patients to the emergency
department: a systematic review and narrative synthesis. BMC Family Practice. 2020;21(1):210.
26. Meunier PY, Raynaud C, Guimaraes E, Gueyffier F, Letrilliart L. Barriers and Facilitators to
the Use of  Clinical  Decision Support Systems in Primary Care:  A Mixed-Methods Systematic
Review. Ann Fam Med. 2023;21(1):57-69.
27. Townson J, Gallagher D, Cowley L, Channon S, Robling M, Williams D, et al. "Keeping it on
your radar"-assessing the barriers and facilitators to a timely diagnosis of type 1 diabetes in
childhood:  A  qualitative  study  from the  early  detection  of  type  1  diabetes  in  youth  study.

https://preprints.jmir.org/preprint/60411 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Beccia et al

Endocrinology, Diabetes and Metabolism. 2018;1(1) (no pagination).
28. Hardikar N, Power T, Leong G, Liu A, Bhurawala H. Primary care providers’ experience in
the management of paediatric type 1 diabetes in Western Sydney, New South Wales. Australian
Journal for General Practitioners. 2023;52:464-71.
29. Wersäll JH, Adolfsson P, Forsander G, Ricksten SE, Hanas R. Delayed referral is common
even when new-onset diabetes is suspected in children. A Swedish prospective observational
study of diabetic ketoacidosis at onset of Type 1 diabetes. Pediatr Diabetes. 2021;22(6):900-8.
30. Iyer D, Choudhary D, Agwu JC. Timeliness of referral of children with new onset type 1
diabetes. Postgrad Med J. 2017;93(1099):242-4.
31. Westerbeek L, de Bruijn G-J, van Weert HC, Abu-Hanna A, Medlock S, van Weert JCM.
General Practitioners’ needs and wishes for clinical decision support Systems: A focus group
study. International Journal of Medical Informatics. 2022;168:104901.
32. Manski-Nankervis J-A, Biezen R, Thursky K, Boyle D, Clark M, Lo S, Buising K. Developing
a Clinical  Decision Support  Tool  for  Appropriate  Antibiotic  Prescribing  in  Australian  General
Practice: A Simulation Study. Medical Decision Making. 2020;40(4):428-37.

Abbreviations: 

T1D – type 1 diabetes

DIRECT-T1DM – Decision-support for Integrated, Real Time Evaluation and Clinical treatment

of Type 1 Diabetes Mellitus

EMR – Electronic Medical Record

CDSS – clinical decision support system

FHT – Future Health Today

CFIR – Consolidated Framework for Implementation Research

https://preprints.jmir.org/preprint/60411 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Beccia et al

Supplementary Files

https://preprints.jmir.org/preprint/60411 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Beccia et al

Figures

https://preprints.jmir.org/preprint/60411 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Beccia et al

DIRECT-T1DM Clinical decision support tool pop-up alert structure.
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Summary of key results across all CFIR domains.
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