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ABSTRACT

Introduction and aim Diabetes is a global health
emergency with increasing prevalence and diabetes-
associated morbidity and mortality. One of the challenges
in optimising diabetes care is translating research
advances in this heterogeneous disease into clinical
care. A potential solution is the introduction of precision
medicine approaches into diabetes care.

We aim to develop a digital platform called ‘intelligent
Diabetes’ (iDiabetes) to support a precision diabetes
care model in Scotland and assess its impact on the
primary composite outcome of all-cause mortality,
hospitalisation rate, renal function decline and glycaemic
control.

Methods and analysis The impact of iDiabetes will

be evaluated through a cluster-randomised controlled
study, recruiting up to 22500 patients with diabetes.
Primary care general practices (GPs) in the National
Health Service (NHS) Scotland Tayside Health Board are
the units (clusters) of randomisation. Each primary care
GP will form one cluster (approximately 400 patients per
cluster), with up to 60 clusters recruited. Randomisation
will be to iDiabetes (guideline suppor?), iDiabetesPlus or
usual diabetes care (control arm). Patients of participating
primary care GPs are automatically enrolled on the study
when they attend for their annual diabetes screening

or are newly diagnosed with diabetes. A composite
hierarchical primary outcome, evaluated using Win-Ratio
statistical methodology, will consist of (1) all-cause
mortality, (2) all-cause hospitalisation rate, (3) proportion
with >40% estimated glomerular filtration rate [eGFR]
reduction from baseline or new development of end-
stage renal disease, (4) proportion with absolute HbA1C
reduction >0.5%. Outcomes will be evaluated after a 2-
year median follow-up period. Comprehensive qualitative
and health economic analyses will be conducted,
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= iDiabetes is a novel precision medicine platform
which is the first of its kind to evaluate a precision
diabetes care model in a controlled trial.

= The study evaluates real-world application in an
existing healthcare system, with the entire regional
diabetes population eligible for enrolment—results
are therefore likely to be generalisable and the ap-
proach could be scaled up to a national level.

= The study analysis uses a mixed-method approach
allowing a comprehensive evaluation of all aspects
of the precision medicine platform including impact
on clinical outcomes, usability for both patients and
clinicians, cost-effectiveness analysis, budget im-
pact analysis and patient preferences.

= Study enrolment takes place when patients attend
their routine clinical diabetes review—consequent-
ly, a subpopulation of patients with limited health-
care access may be excluded.

= The patient-facing platform is only available in an
English version and can only be accessed digitally;
therefore, patients with limited English or digital il-
literacy may not benefit from the intervention to its
full potential.

assessing the cost-effectiveness, budget impact and user
acceptability of the iDiabetes platform.

Ethics and dissemination This study was reviewed by
the NHS Health Research Authority and approved by the
East of Scotland Research Ethics Committee (reference:
23/ES/0008). Study findings will be disseminated via
publications, presented at scientific conferences and
shared with patients and the public on the study website
and social media.

Trial registration number ISRCTN18000901.

BM) Group

Lin'Y, et al. BMJ Open 2024;14:086594. doi:10.1136/bmjopen-2024-086594


http://bmjopen.bmj.com/
http://orcid.org/0009-0005-9185-9252
http://orcid.org/0009-0008-1808-574X
http://orcid.org/0000-0002-3418-0666
http://orcid.org/0009-0002-7041-3348
http://orcid.org/0000-0001-9100-1575
http://orcid.org/0000-0001-8346-7463
http://orcid.org/0000-0001-8970-6146
http://orcid.org/0000-0003-2619-8230
http://orcid.org/0000-0002-4530-3078
http://orcid.org/0000-0001-5293-919X
http://orcid.org/0000-0003-4376-6973
https://doi.org/10.1136/bmjopen-2024-086594
https://doi.org/10.1136/bmjopen-2024-086594
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2024-086594&domain=pdf&date_stamp=2024-10-29
https://clinicaltrials.gov/show/ISRCTN18000901

INTRODUCTION

Background

Diabetes is increasing in prevalence worldwide, giving
rise to a spectrum of associated comorbidities including
cardiovascular, renal and liver complications and posing a
significant global health crisis. These complications, along
with the burden of living with a chronic illness, contribute
to impaired quality of life and disability and ultimately
increased mortality in people living with diabetes.' Public
health strategies have been unsuccessful at controlling
the epidemic, and current pharmacological therapy is
often suboptimal—focused largely on glycaemic regula-
tion, with prescribing practice sometimes influenced by
non-medical factors such as drug cost. As a result, oppor-
tunities to target therapy choice to underlying biological
mechanisms of diabetes and relevant comorbidities may
be overlooked.”

Recognising the highly heterogeneous nature of
diabetes, the concept of precision diabetes medicine has
garnered attention in modern diabetes care. Research
breakthroughs in diabetes in recent decades create the
potential for a revolution in care, incorporating a more
comprehensive analysis of multiple biological factors,
including genomic variations and metabolic pathways
with environmental risk factors for individual patlents
For example, recent research has shed light on the
heterogeneity of type 2 diabetes (T2D), which has tradi-
tionally been viewed as a uniform pathology. This hetero-
geneity exists as a continuum and is associated with both
phenotypic and genotypic variations, resulting in differ-
ential disease progression end-organ complications
and treatment response.” * Additionally, predictive algo-
rithms derived from patient-level characteristics within
a UK-based population database demonstrated that this
phenotypic heterogeneity could be used to guide treat-
ment choices (eg, for choosing between sodium-glucose
transporter 2 [SGLT2] inhibitor vs dipeptidyl peptldase -4
[DPP4] inhibitor) to optimise glycaemic control.” More
recently, clinical diagnostic models incorporating clinical
features and biomarkers (such as pancreatic autoanti-
bodies and Type 1 Diabetes (T1D) Genetic Risk Score)
may allow enhanced differentiation between TID and
T2D at the time of diagnosis.® Similarly, the identification
of monogenic forms of diabetes has allowed for the cessa-
tion of unnecessary diabetes treatment in patients with
GCK-MODY and spared patients with other forms, such
as neonatal diabetes and HNFIA-MODY, from unneces-
sary insulin mJectlons ? However, incorporating these
advances into routine clinical care, translating them to
direct benefit to patients, is challenging and can be slow.
For example, despite being well described in the litera-
ture, it has been estimated that approximately 80% of
monogenic diabetes cases remain undiagnosed, high-
lighting the need for more effective ways to translate
research outcomes into routine clinical care."’

Introducing precision medicine in diabetes care, as
outlined in the consensus American Diabetes Associa-
tion/European Association for the Study of Diabetes

Precision Diabetes Medicine Initiative report, requires
the transformation of the current care approaches.'
Using a range of data, a more refined diabetes care model
should be developed, which encompasses all aspects of
the disease—disease prevention, timely diagnosis, person-
alised treatment, individualised prognosis and appro-
priate monitoring of diabetes.

Implementing precision diabetes care in Scotland

We aim to develop and assess an innovative ‘intelligent
Diabetes’ (iDiabetes) platform to support and imple-
ment a precision diabetes care model, delivered at scale,
to patients with diabetes managed in both primary and
secondary care in the Tayside Health Board region of
Scotland. The platform aims to facilitate precision diag-
nosis and promotes the selection of optimal treatments by
healthcare professionals while ensuring that these diag-
noses and treatment recommendations are effectively
communicated to patients.

This study will compare two different arms of the iDia-
betes platform to usual diabetes care. The iDiabetes (guide-
line support) arm will use routinely collected clinical and
biochemical data to produce individualised treatment
recommendations.

The iDiabetesPlus arm will combine routinely collected
clinical and biochemical data with additional biochem-
ical and genotypic testing to determine a patient’s risk of
current and future end-organ diabetes complications and
predicted glycaemic response to different pharmacother-
apies. This information will be used to generate enhanced
individualised treatment recommendations.

The treatment recommendations generated in both
arms of the iDiabetes platform will allow healthcare
professionals to make better-informed, individualised
evidence-based treatment decisions, thereby improving
the management for each patient. If demonstrated to
improve patient care and to be cost-effective, the vision is
for iDiabetes to be the standard of care for patients with
diabetes across Scotland.

Study objectives

Primary objective

» Develop a precision medicine platform for diabetes
care and assess its impact on the primary composite
outcome (mortality rate, hospitalisation rate, decline
in renal function and glycaemic control) of patients
with diabetes.

Secondary objectives

» Assess the impact of a precision medicine platform on
the individual components of the composite outcomes
of patients with diabetes.

» Evaluate the impact of a precision medicine platform
on hospitalisation rate secondary to heart failure.

» Evaluate patients’ adherence to antidiabetic medi-
cations, cholesterol-lowering medications and
antihypertensives.
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» Evaluate the impact of iDiabetes platform treatment
recommendations on the rate of severe hypoglycaemia.

» Evaluate whether recommendations from iDiabetes
platform improve healthcare professionals’ compli-
ance with guideline recommendations during the
prescription of antidiabetic medications.

Additional exploratory objectives will include further
assessment of the impact of iDiabetes on end-organ
diabetes-associated complications, qualitative and cost-
effectiveness analysis of the platform. A full list of explor-
atory objectives can be viewed in the online supplemental
file 1.

METHODS

Study design

This is a three-arm cluster-randomised controlled study
(two iDiabetes arms and usual diabetes care control
arm), with a nested qualitative study and economic eval-
uation. The inclusion of two different arms within the
iDiabetes platform allows evaluation of the clinical utility
and cost-effectiveness of the addition of guideline-based

recommendations  (iDiabetes  (guideline support)) to
patients’ usual diabetes care as well as the additional value
gained from precision diagnosis and treatment resulting
from the addition of enhanced phenotyping and geno-
typing to guideline support (iDiabetesPlus arm).

Randomisation

Each primary care general practice (GP) within the
National Health Service (NHS) Tayside Scottish Health
Board region will form one of up to 60 clusters. NHS
Tayside provides primary healthcare to approximately
417650 people in the northeast of Scotland, in both
urban and rural communities within the region.'® Prac-
tices will be stratified by population size (<6000 or >26000
registered patients) and index of deprivation deciles (1-3
high deprivation, 4-7 medium and 8-10 low)."” Clusters
will be randomised to one of the following three arms:
iDiabetes (guideline support), iDiabetesPlus or usual diabetes
care (see figure 1). All 60 clusters (approximately 400
patients per cluster) will undergo initial randomisation to
the iDiabetes platform or usual diabetes care arms in a 2:1
ratio. Clusters initially allocated to the iDiabetes platform

Cluster randomisation of primary care practices
in NHS Tayside
(estimated 60 clusters)

2:1RATIO

( iDiabetes platform )

1:1RATIO

iDiabetes
(guideline support)

7500 patients

Evidence-based
recommendations using
routinely collected
clinical data

Informed
annual review
+
Real-time
updates and
alerts

+

alerts

Figure 1

iDiabetesPlus

7500 patients

Evidence-based
recommendations based on
enhanced phenotyping,
polygenic risk scores and
predicted drug response

Informed
annual review

Real-time
updates and

Usual diabetes care

7500 patients
(or up to 9000 patients)

Routine

annual
review

@ iDiabetes
Precision diabetes care

Cluster randomisation with each GP practice forming a cluster. Map at the top left corner of the figure shows the

geographical area covered by the NHS Tayside Health Board in Scotland (generated via paintmaps.com). GP, general practice;

NHS, National Health Service.

Lin'Y, et al. BMJ Open 2024;14:086594. doi:10.1136/bmjopen-2024-086594


https://dx.doi.org/10.1136/bmjopen-2024-086594
https://dx.doi.org/10.1136/bmjopen-2024-086594

will undergo a second randomisation to iDiabetes (guideline
support) or iDiabetesPlus in a 1:1 ratio, resulting in overall
cluster allocation of 1:1:1 for iDiabetes (guideline support),
iDiabetesPlus and usual diabetes care arms.

The randomisation will be created by the UK Clin-
ical Research Collaboration-registered Tayside Clinical
Trials Unit. The study participants, primary care GPs and
study clinicians will not be blinded. Blinding would not
be possible as test results will be accessible to healthcare
professionals and patients as part of the iDiabetes plat-
form design, and the tests undertaken will be determined
by the study arm; therefore, this will make the study arm
known. Additionally, specific consent is required for
genetic testing, which is only performed in the iDiabe-
tesPlus arm. There are no planned criteria for stopping
or switching a patient’s enrolment in an iDiabetes inter-
vention arm.

Recruitment of primary care GPs

All primary care GPs in NHS Tayside will be invited to
participate in the study. The study team will actively
promote the study and engage with primary care GPs to
encourage their participation. This will ensure that the
adequate sample size is met at cluster level.

Recruitment of participants and follow-up period
Patients will be enrolled in the study when they attend
for their routine annual diabetes screening appointment
or are newly diagnosed with diabetes in primary care
during the study period. Recruitment will stop when 7500
patients, with diabetes of any type, have been enrolled in
each arm. Recruitment into the usual diabetes care arm will
be allowed to continue up to a maximum of 9000 patients
if this arm reaches completion earlier than the iDiabetes
(guideline support) or iDiabetesPlus arms. It is anticipated
that the total recruitment period will be 12-15 months.

The planned study follow-up period will be until a
median of 2 years of follow-up has been completed across
all patients recruited into the study.

Study recruitment will begin in October 2024.

Eligibility criteria

Inclusion criteria

» Patient registered with an NHS Tayside Health Board
primary care GP practice which has signed up and
agreed to commit for the duration of the study.

» Diagnosis of any diabetes type.

» Aged 218 years at the time of diabetes annual review
during the study period.

Exclusion criteria

There will be no exclusion criteria. All patients identified
as meeting the inclusion criteria will be included in the
study.

Intervention

The iDiabetes platform will form the central interven-
tion in this study. The iDiabetes platform will incor-
porate patient data and facilitate the generation of

recommendations based on the most recent evidence for
each patient. The recommendations will be accessible
by both healthcare professionals, via the iDiabetes dash-
board, and by patients themselves, via My Diabetes My Way
(MDMW). MDMW is an interactive online patient portal
used by patients with diabetes in Scotland. It provides
them with information about their condition and secure
access to their own diabetes-related healthcare records,
including test results."* For all patients enrolled in the
study, there will be no restriction or implication for any
other concomitant care or interventions provided by the
patients’ usual care team as the iDiabetes platform is a
tool to support decision-making only.

iDiabetes (guideline support)

Patients will attend their annual diabetes review and be
assessed as per usual care including routine diabetes
blood testing (see table 1). The iDiabetes platform will
generate automated, individualised treatment recom-
mendations using routine clinical data and blood test
results from annual appointments. Recommendations
will be determined by the latest treatment guidelines such
as the American Diabetes Associations’ Standard of Care for
Diabetes and the National Institute for Health and Care Excel-
lence Clinical Knowledge Summaries."” '° Recommendations
on optimisation of medications for associated comor-
bidities will also be provided where a patient has renal
or cardiovascular disease. For example, advice will be
given to optimise ACE inhibitor or angiotensin receptor
blocker for patients with proteinuria or optimise statins
for patients with cardiovascular disease.

iDiabetesPlus

Patients will undergo routine assessments at their annual
diabetes review in the same way as @Diabetes (guideline
support). However, in addition to the routine diabetes
blood testing, @DiabetesPlus will incorporate additional
reflexive laboratory testing, including C-peptide concen-
tration, cardiac risk biomarkers + echocardiography, non-
invasive liver fibrosis scoring + Fibroscanand individual
genotyping (to allow for cardiovascular and T1D genetic
risk scoring) (see table 1). Enhanced phenotyping and
genotyping will allow for improvement in diagnostic
accuracy of diabetes type and determination of current
and future risk of end-organ complications. Recom-
mendations on optimisation of medications for associ-
ated comorbidities will be provided in the same way as
iDiabetes (guideline support) with additional recommenda-
tions for patients with liver disease. Further to this, risks
of myocardial infarction and all-cause mortality will be
predicted for patients with T2D using models developed
by MyWay Digital Health. Treatment recommendations
for each patient will be evidence-based and determined
according to their competing cardiorenal or liver risk,
risk of hypoglycaemia and predicted diabetes drug treat-
ment response using a treatment selection algorithm. All
recommendations will be accessible to the patient and
their diabetes care team (see figure 2).
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Table 1 Blood tests, risk scoring systems and imaging tests performed by iDiabetes platform.
Blood tests Risk scoring Imaging
Renal = Creatinine = Kidney failure risk
= Laboratory-measured eGFR equation
= Urinary albumin:creatinine ratio
= eGFR calculated by 2021 CKD-
EPI Creatinine
Cardiology * NT-proBNP = Coronary Artery = Echocardiography (either
= hsTroponin | Disease Polygenic Risk standard echocardiography or
Score Al decision-supported [US2Ai]
echocardiography)*
Liver = ALT = FIB-4 scoret = Liver Fibroscant
= Bilirubin = NAFLD Fibrosis Score
= Alkaline phosphatase (NFS)t
= AST = Enhanced Liver
= Ferritin/ transferrin Fibrosis (ELF) Scoret

saturationst
= Hepatitis B and Ct

Diabetes aetiology = HbA1C

= C-peptide and paired glucoset

= Pancreatic autoantibodies
testingt

Tests in bold will be performed in iDiabetesPlus arm only

= Type 1 Diabetes
Polygenic Risk Scoref
= MODY probability+

*US2Al-supported echocardiography will be performed in patients with NT-proBNP between 400 and 2000 pg/mL. Standard
echocardiography will be performed via the current urgent clinical pathway if NT-proBNP >2000 pg/mL.

tNon-invasive liver fibrosis scoring, ferritin/ transferrin saturations and hepatitis B and C testing if ALT >301U/L. ELF testing will be triggered if
FIB-4 >1.450r NFS >-1.455. Fibroscan will be performed on patients with FIB-4 >3.25, NFS >0.677 or ELF >9.8.

FThe cascade of biomarkers for confirmation of diabetes diagnosis will only be triggered in patients with a clinical diagnosis of type 1

diabetes and those at high risk of MODY.

ALT, Alanine aminotransferase; AST, Aspartate transferase; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated
Glomerular Filtration Rate; ELF, Enhanced Liver Fibrosis score; FIB-4, Fibrosis-4 index; MODY, Monogenic diabetes; NFS, NAFLD Fibrosis

Score; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Usual diabetes care

This will form a control arm. Patients will attend their
usual annual diabetes appointment and be managed as
per the usual care by their diabetes care provider, with
no additional intervention from the iDiabetes platform
or study team.

Development of iDiabetes platform

The iDiabetes platform will be made possible through
the development of a novel software called iDiabetes 1Q
engine which will be registered as a class 1 medical device
under the current UK Medical Device Directive according
to International Standards Organisation standards (see
figure S).17 Comprehensive information regarding data
source and exchange for the software will be provided in
a separate article on the programming of iDiabetes 1Q
engine. In this section, we provide a brief overview of the
steps involved in developing the software.

Development of algorithms

The iDiabetes IQ engine software will consist of a series
of rules-based algorithms encompassing three main
themes: diagnosis of diabetes, risk stratification of end-
organ complications and diabetes treatment recommen-
dations. The @Diabetes (guideline support) and iDiabetesPlus
algorithms were developed from a collaboration among

expert clinicians using the latest guidelines, evidence and
expert opinion.

From algorithms to iDiabetes dashboard content

The algorithm pathways were first converted into ‘pseudo-
code’ (a readable but detailed description of what the
software should do), and the ‘pseudocode’ was trans-
lated into digital code by the iDiabetes software devel-
opers. iDiabetes dashboard contents were created, which
included explanatory text and links to external patient
and clinician resources. A dashboard explanatory text
was created for every recommendation generated by the
algorithm. These will be viewable by healthcare profes-
sionals during clinic reviews. A lay version of the content
was developed for patients to access via MDMW.

iDiabetes 1Q engine performance testing

To ensure that the iDiabetes IQ engine is functional and
reliable, user acceptance testing was conducted to test its
performance. A large 'ground truth' dataset was created,
with simulated patient data created to match every
possible recommendation output. Ground truth patients
were run through the algorithm to ensure all outputs
matched the expected algorithm output. A subsequent
full end-to-end testing, using an anonymised real-world
dataset extracted from SCI-Diabetes, was performed. Any
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Treatment algorithm (for patients with confirmed type 2 diabetes)

Treatment recommendation determined by competing risks: renal > heart failure > IHD > SLD

SGLT2i SGLT2i GLP1IRA 7
ACEij‘l:\Rf:E, statin, ACE‘I!ARB,I bgta- ACEI/ARE, antiplatelet, GLP1RA
optimise BP blocker, optimise BP statin, optimise BP <14 units alcohol,
statin

Adherence to
treatment

Pioglitazone

If risk-based treatment algorithm completed, subsequent treatment recommendation will be
determined by HbA1C level and predicted risk of hypoglycaemia.
If HbA1C is above target, a hierarchy of diabetes drug treatment response will be generated using
a treatment selection model.

Figure 2 An overview of iDiabetesPlus. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BP, blood pressure; GLP1RA, glucagon-like-peptide 1 receptor agonist; IHD, ischaemic heart disease; SGLT2i, sodium-glucose
transporter 2 inhibitor; SLD, steatotic liver disease; 1 unit of alcohol = 89 of ethanol.

disparities between expected and observed outputs were
fully scrutinised and where necessary the software code
was updated. A pilot phase on the roll-out of the iDiabetes
platform will facilitate a final period of real-world plat-
form testing prior to the commencement of the full study.

Data input

Data input to the iDiabetes 1Q engine will be sourced
from SCI-Diabetes, an integrated clinical system with
linked electronic health records from primary and
secondary care, specialist screening services and labora-
tory systems for all patients with diabetes across NHS Scot-
land.’® All patients’ clinical data and blood test results,
both historical and that obtained during recruitment
(when attending annual diabetes clinic appointment) will
be available within the SCI-Diabetes system.

Study outcomes

Primary outcome

A composite hierarchical outcome (in decreasing order

of clinical importance):

1. All-cause mortality.

2. All-cause hospitalisation rate.

3. Proportion with >40% eGFR reduction from base-
line, or new development of end-stage renal disease
(ESRD).

4. Proportion with absolute HbA1C reduction >0.5%
(>5.5mmol/mol).

Secondary outcomes

1. All-cause mortality rate.

2. All-cause hospitalisation rate.

3. Proportion with >40% eGFR reduction from baseline,

or new end stage kidney disease.

4. Proportion with absolute HbAIC reduction >0.5%
(>5.5mmol/mol).

. Hospitalisation rate secondary to heart failure.

. Drug adherence (medication possession ratio).

. Rate of severe hypoglycaemia.

. Proportion of patients treated according to guidelines.

Outcomes which can be measured in the wusual diabetes

care arm as well as the iDiabetes intervention arms

have been selected to allow comparison. Therefore, in

decreasing order of importance, we rank (1) all-cause

mortality, as failure to consider mortality can introduce

issues of competing risk; (2) all-cause hospitalisations, as

these are common and a major burden to patients and

healthcare systems; (3) renal function decline, as this is

a major morbidity in diabetes—a fall in eGFR of >40% is

in keeping with clinical trials focusing on renal outcomes

as the endpoint; (4) HbAlc reduction >0.5% (5.5mmol/
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Figure 3 An overview of the iDiabetes IQ engine. SCI, Scottish Care Information; MWDH, MyWay Digital Health; MDMW, My

Diabetes My Way.

mol), as HbAlc is a major driver of both microvascular
and macrovascular disease in diabetes. HbAlc is not
ranked higher despite its importance in diabetes as many
treatment recommendations provided by iDiabetes (eg,
for heart failure, coronary artery disease, renal disease
and steatotic liver disease) are HbAlc independent, in
which HbAlIc lowering is not our primary goal. All items
in the composite will also be analysed and reported indi-
vidually as secondary outcomes. All outcomes will be
measured at individual patient level.

Additional exploratory outcomes will include further
assessment of the impact of iDiabetes on end-organ
diabetes-associated morbidity and diabetes treatment and
a full qualitative and cost-effectiveness analysis of the plat-
form. A full list of exploratory outcomes can be viewed in
the online supplemental file 1.

DATA COLLECTION, MANAGEMENT AND ANALYSIS

Study assessments

There will be no research-specific study visits for primary
and secondary outcomes as data will be collected from
routine assessments during annual diabetes review, and
patient consent will be undertaken at a cluster level (see
iDiabetes Study Consent below).

Quantitative data collection and management

Blood and urine specimens will be taken from all patients
during annual diabetes review appointments as part of
routine clinical care. Additional testing will be performed
on specimens from iDiabetesPlus clusters through a
reflexive laboratory cascade system if criteria are met (see
table 1). Data will be collected for study outcome evalu-
ation through routine data linkage, with clinical records
and prescription encashment records used to evaluate
medication adherence. All data will be analysed within
a digital Trusted Research Environment (TRE) within
the NHS Tayside and Fife Health Informatics Centre.

Lin'Y, et al. BMJ Open 2024;14:086594. doi:10.1136/bmjopen-2024-086594

7


https://dx.doi.org/10.1136/bmjopen-2024-086594

All patient-identifiable information will be anonymised
within the TRE to ensure patient confidentiality. Data
from patients in the study will be linked to their elec-
tronic medical records for long-term follow-up for up to
15 years.

The data management plan for the study was developed
according to the Tayside Medical Science Centre stan-
dard operating procedure for data management.'” As the
iDiabetes platform is designed to integrate with routine
diabetes clinical care, no efforts will be made to promote
patient retention or completion of follow-up annual
review appointments who would not ordinarily attend, to
reflect real life circumstances.

Qualitative data collection and management

This nested qualitative study will explore the views and
experiences of those delivering and receiving @Diabetes
and iDiabetesPlus care, using semistructured interviews
with patients and health professionals involved in the
implementation and use of the iDiabetes platform and
the delivery of iDiabetes-informed care.

Semistructured interviews will be conducted with
patients and clinical and non-clinical primary care staff
from clusters allocated to the iDiabetes platform and
will be carried out in three rounds. An initial round of
interviews will be carried out to coincide with the phased
implementation of iDiabetes, the second round of inter-
views will target participants after their first annual review
following iDiabetes implementation and the third round
of interviews target participants after their second annual
review under iDiabetes care. For patients’ interviews,
the focus will be on their experiences of iDiabetes and
its impact on them and their diabetes care. The inter-
views with staff will explore their views and experiences
of implementing and using iDiabetes in their clinical
practice. Qualitative data collected will form part of a
process evaluation of the iDiabetes intervention, and
insights gained will help inform future refinements to the
platform.

Audio-recorded data from the interviews will be
transcribed verbatim. Any relevant documentary data
(eg, guidance, policies and training materials) will be
included in the qualitative dataset. All qualitative data
will be stored in encrypted folders on secure University
of Dundee servers.

Health Economics data collection and management
Alongside clinical effectiveness, the iDiabetes platform
must also represent value for money to the healthcare
system. To assess this, a cost-effectiveness health economic
evaluation will be conducted using the quantitative study
data.

If implemented, the iDiabetes platform will affect treat-
ment plans for patients. For any predicted improvement
in health outcomes to be achieved, patient adherence to
the treatment plan is essential. To gauge uptake of and
adherence to the iDiabetes platform, patient preferences
will be explored using the discrete choice experiment

(DCE) methodology. DCEs have been widely used in
health economics to assess patient and public prefer-
ences, including preferences for personalised diabetic
management.”’ In the developmental stages of the DCE,
‘think aloud’ interviews will be held with a subsample
of the study population to test and refine the survey.
DCE data collection will involve inviting participants to
complete an online survey.

No personally identifiable information will be collected
in the DCE survey. Data generated by the DCE will be
stored on secure University of Aberdeen servers, in
password-protected folders which are only accessible to
the research team.

Data analysis

Primary statistical analysis

The primary composite endpoint will be analysed using
the Win-Ratio (WR) method. This approach is hierar-
chical, allowing for sequential analysis of prespecified
endpoints within the composite in the order of clinical
importance. The WR allows for a combination of quantita-
tive outcomes, such as HbA1C and eGFR reduction, with
time-to-first occurrence outcomes such as time to death
or hospital admission, in contrast to other conventional
statistical methods that only allow time-to-first occurrence
of any event in the composite.”'

In this study, the most clinically important endpoint,
all-cause mortality, will first be compared between a
patient in one study arm to a patient in the comparator
arm. If a patient reaches this endpoint first the result will
be considered a ‘loss for that patient’s arm’ and a ‘win’ for
the comparator arm and no further endpoints are assessed
for that pairing. If neither patient ‘wins’ for this outcome,
then the next highest priority endpoint will be compared,
until all endpoints have been compared sequentially (see
Primary outcomefor endpoint hierarchy). If neither patient
in a pairing ‘wins’ according to any of the endpoints, then
that pairing is considered a ‘draw’. The statistical analysis
will compare every patientin one arm with every patientin
the comparator arm. For example, if comparing iDiabetes
(guideline support) to iDiabetesPlus, then all 7500 patients in
one arm will be compared with all 7500 patients in the
comparator arm, for a total of 56250000 opportunities
for ‘wins’, ‘losses’ or ‘draws’. The total number of ‘wins’
for each arm will be calculated. An arm will be considered
superior to the comparator if there are statistically signif-
icant increased number of ‘wins’ in that arm compared
with the comparator arm. The WR will be estimated and
statistical significance will be considered for the primary
outcome at the 5% level.

For the statistical analysis, in a Hochberg hierar-
chical procedure, the primary comparison will first be
made between the iDiabetesPlus and usual diabetes care
arms. If there is a significant ‘win’ in the iDiabetesPlus
arm compared with usual diabetes care for the composite
primary study outcome, a comparison will then be made
between the iDiabetes (guideline support) and wusual
diabetes care arms. If the iDiabetes (guideline support
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arm) is also demonstrated to be superior to the usual
diabetes care arm, then a final comparison between the
iDiabetesPlus and iDiabetes (guideline support) arms will be
undertaken. This will inform whether enhanced pheno-
typing and genotyping provide additional advantages
over conventional treatment recommendations based on
guidelines.

Secondary statistical analysis
The main secondary analyses will consist of the compar-
isons between arms for individual components of the
composite, that is, all-cause mortality, all-cause hospi-
talisation rate, proportion with >40% eGFR reduction
from baseline, new development of ESRD and propor-
tion with absolute HbA1C reduction >0.5% (>5.5 mmol/
mol). Secondary outcomes as listed in the study outcomes
above will also be analysed, treating these as exploratory
analyses.

All analyses will be on an intention-to-treat basis.

A full statistical analysis plan will be published prior to
data-lock.

Qualitative data analysis

Interview transcripts will be checked for accuracy, anony-
mised, and then imported into QSR NVivo software to
aid analysis and management of data. Thematic analysis
will be used to identify and analyse patterns and themes
across the dataset.”® Analysis will take place concurrently
with the data collection process to enhance the rigour and
trustworthiness of the findings. Additional techniques to
enhance trustworthiness will be put in place, including
independent coding triangulation and group-based data
analysis critique and data interpretation sessions with
the rest of the research team and the study’s patient and
public involvement (PPI) group.

Health economics analysis

A model-based cost-effectiveness analysis of the iDiabetes
(guideline support) and iDiabetesPlus arms versus the usual
diabetes care arm will be conducted. The cost per compli-
cation avoided and Quality-Adjusted Life Year gained
(the standard health economic utility measure) for each
strategy will be predicted by incorporating the study data
into an existing diabetes simulation model.** To esti-
mate the resource implications of introducing the iDia-
betes platform at scale in NHS Scotland, a budget impact
analysis will be conducted. This will assess whether the
recommendations from the cost-effectiveness analysis
model are affordable to NHS Scotland.

The DCE data will be used to (1) assess the relative
importance of attributes in the delivery of personalised
diabetes care; (2) predict patient uptake of alternative
treatment plans and (3) estimate benefitrisk trade-offs
associated with the risk of adverse outcomes. The DCE
data will complement the cost-effectiveness analysis
evidence, ensuring that the iDiabetes platform is valued
by service users.

Ancillary analyses

Exploratory objectives will be evaluated through dedi-
cated substudies. The methodology for analysis will be
disseminated through the publications of each substudy.

Sample size calculations

Simulation of power for composite outcome

For the composite primary outcome, no standard method
has yet been developed for sample size estimation, but
Zhang and Jeong have developed an R-package which
simulates the cluster WR (cWR), which has been adapted
for this study design.26 The function uses two outcomes—
mortality rate and non-fatal hospitalisation. As the
primary endpoint in this study is a composite of four
outcomes, it will have greater power than that estimated
by the simulation as power increases with the number of
outcomes in the composite. In the simulations using the
R-package developed by Zhang and Jeong, 10% of the
planned iDiabetes study population size was used so that
there were 60 clusters and 2400 patients, that is, 40 per
cluster and 80 person-years. The gamma frailty parameter
beta for shape and rate was set at 20, which is equivalent
to an intra-cluster correlation (ICC)=0.05. The results of
500 simulations gave the proportion of statistically signifi-
cant results (p<0.05) as 413 so power was 82.6% to detect
a mean WR=1.20. Hence power is excellent using the
total number of clusters (60) and only with 10% of the
proposed study population size.

Power for individual outcomes
In addition, power was also estimated for the individual
components of the composite. Difference in Poisson rate
or incidence rate ratio was used in these calculations
as this is similar to HR in a time-to-event analysis, espe-
cially with low censoring and mortality. For example, for
hospitalisation with 40 clusters, 81% power is achieved to
detect a difference in Poisson rate of 8% or more (45%
reduced to 37%) assuming an ICC=0.03 and alpha=0.05.
All individual outcome sample sizes were estimated
using PASS 2023 Sample Size and Power Analysis Software.

Qualitative study sampling

A purposeful, maximum variation sampling strategy will
be employed. Initial sampling criteria will account for
characteristics relating to the setting, including the type
of intervention (iDiabetes (guideline support) or iDiabe-
tesPlus settings), practice size (<6000, 6000+) and deciles
of deprivationl'w; and participants, including staff (eg,
seniority, professional groups and roles) and patients
(age, TID or T2D) to maximise variation. Sampling
criteria will be subsequently refined as data collection and
data analysis progress. The estimated overall sample size is
20-25 primary care staff and 38-46 patients. Recruitment
will take place in primary and secondary care iDiabetes
clinical visits and via recruitment adverts on the iDia-
betes and MyDiabetesMyWay websites. If further recruit-
ment avenues are required, the Scottish Health Research
Register and Biobank [SHARE] will be used to identify
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and approach potential participants. Healthcare profes-
sionals will be invited via professional care networks and
internal email lists.

Discrete Choice Experiment

As with the qualitative study, a purposeful, maximum
variation sampling strategy will be employed. Think-
aloud interviews will be held until the saturation point
is reached (when two consecutive interviews yielded no
new information regarding survey improvements).27 =
It is anticipated that saturation will be reached with 20
interviews. Minimum sample size for the DCE survey is
calculated using Louviere’s formula for choice propor-
tions. Given a baseline choice probability of 33% (as each
choice will involve three options), an accuracy level of
90%, a CI of 95% and eight choice tasks per respondent,
we require 234 respondents.” We will explore preference
heterogeneity using flexible logit models; therefore, a
minimum of 5000 individuals will be sent an email link to
the survey. Assuming a response of 30%, this will allow for
subgroup analysis (how preferences differ according to
the characteristics of respondents). We will recruit at least
234 individuals to pilot the survey.

Data monitoring
Data monitoring will be undertaken by the study manage-
ment board. The study has no data monitoring committee
as this is considered a low-risk study. This was discussed
with the study Scientific Advisory Board who agreed with
this approach.

Adverse event reporting

As all patients’ care is managed by their usual diabetes
care teams and the iDiabetes platform only generates
treatment recommendations, there will be no adverse
event reporting.

Patient and public involvement
A PPI group was formed specifically for this study,
consisting of patients and family members recruited

Commissioning
e Two patient
representatives
invited as co-

Co-applicants
attended the

from the NHS Scotland Diabetes Research Register and
via social media outreach. The PPI group was consulted
on all aspects of the project including shaping the study
concept prior to funding application. Subsequently, two
representatives were invited from the group as the study’s
coapplicants for funding and ethics application and are
part of the Study Management Board. Further regular
meetings were organised via remote video conference to
seek feedback from the PPI group on the study design
and patientfacing materials including participant infor-
mation sheets and recommendation outputs, which will
be viewed by the patients on the MDMW patient interface
as well as study website content (see figure 4). Additional
patient feedback will be sought as part of the analysis of
the platform, described in the qualitative analysis section
above.

ETHICAL CONSIDERATIONS AND DISSEMINATION PLAN

Consent

iDiabetes study consent

Consent to take part in the study will take place at a
cluster level on randomisation to an iDiabetes platform
arm (iDiabetes (guideline support) or iDiabetesPlus). Patients
will be sent information about the iDiabetes study if their
primary care GP is randomised to the iDiabetes (guideline
support) or iDiabetesPlus arm. Patients will not be required
to consent individually. Patients who are registered with
a primary care GP randomised to an iDiabetes platform
arm will be given the opportunity to opt out of the study
at an individual level at any point throughout the study
period. This can be done when they attend their annual
diabetes review. This approach was deemed acceptable
by both the iDiabetes PPI group and the NHS Research
Ethics Committee (REC) on the grounds that the study
intervention was in the form of treatment recommen-
dations, not direct changes to treatment and that these
recommendations are based on international diabetes
guidelines on the standard of care.

Co-authorship of a poster
presentation
e at CSO Health
Research & Innovation
conference
e Two PPI group
representatives

: REC meetin
applicants g selected
JUNE 2021 MARCH 2023 OCT 2023
NOV 2021 APR -SEPT 2023 FEB 2024
APRIL 2021 o . o
Designing & planning Designing

Project concept

e consultation with Co-applicants

participated at

PPI group on
project concept the grant

e feedback {ippllclatlon
integrated into interview
funding
application

e consultation with
PPI group on the
readibility, clarity
and relevance of
the study website
content

e consultation with PPI
group on platform design
and patient facing
literature

e additional consultations
on iDiabetes spin out
projects by research
fellows

Figure 4 An overview and timeline of the PPI activities conducted throughout the iDiabetes study process. CSO, Chief

Scientist Office
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Genetic testing consent

To comply with the requirements of the Human Tissue
Act 2004, explicit individual patient verbal consent for
genetic testing will be obtained from the patients regis-
tered with primary care GPs randomised to the iDiabe-
tesPlus arm prior to genotyping. This will take the form
of the question ‘Do you agree to your blood sample undergoing
genetic analysis as part of iDiabetes and for future clinical care?’,
with the answer recorded in the SCI-Diabetes system by
the person taking the blood test. Patients who do not wish
to undergo genetic testing can still take part in the iDiabe-
tesPlus arm without this aspect.

Echocardiography consent

For iDiabetesPlus patients with a pro-BNP 400 to 2000 pg/
mL, further evaluation for heart failure will be performed
using Al-assisted echocardiography using US2Ai echocar-
diography software. An additional PIS will be sent and
informed consent obtained for patients prior to under-
going US2Ai echocardiography. For those who do not
wish to consent they will be offered a routine NHS echo-
cardiography appointment.

Qualitative study consent

Additional informed consent will be taken from partic-
ipants who are invited to participate in semistructured
interviews as part of the qualitative studies.

Health economics study consent
Informed consent will be taken from participants prior to
the think-aloud interviews and DCE survey.

See online supplemental file 2 for consent documents.

Research ethics Committee approval

This study was reviewed by the NHS Health Research
Authority and given a favourable opinion by the East of
Scotland Research Ethics Committee (REC reference:
23/ES/0008).

Confidentiality

The study team will uphold the requirements of legal
regulations such as the General Data Protection Regula-
tion (EU) 2016/679 (GDPR), the UK Data Protection Act
2018 and the NHS Scotland Code of Practice on Protecting
Participant Confidentiality when conducting the study.
Published results will not contain any personal data that
could allow identification of individual participants.

Dissemination plan

The criteria for authorship will follow the criteria of the
International Committee of Medical Journal Editors.
Study findings will be published with the intention
to submit a manuscript for publication no later than
12months after the end of the study. Planned dissemina-
tion includes the following manuscripts: the main iDia-
betes quantitative finding, iDiabetes qualitative analysis,
iDiabetes cost-effectiveness analysis and iDiabetes DCE.
Additional manuscripts may be prepared on aspects
of the statistical analysis, technical development of the

iDiabetes platform and ancillary outcomes. Study find-
ings will also be submitted as abstracts to be presented at
relevant scientific conferences.

A newsletter giving a summary of the results of the study
will be made available to patients on the study website.
There will be involvement with local and social media so
patients with diabetes in Tayside are aware of the initiative
and what it delivers.

Access to data and amendments
Study-related monitoring, audits, REC review and regula-
tory inspection will be permitted. In the event of an audit,
the Sponsor, representatives of the Sponsor or regulatory
authorities will be given direct access to all study records.
Individual-level patient data will not be made publicly
available due to data privacy/GDPR regulations. Addi-
tional access to the final study dataset on the Health Infor-
matics Centre Trusted Research Environment (University
of Dundee) will be approved by the chief investigator with
an appropriate data-sharing agreement in place.
Amendments to the protocol will not be implemented
without approval from the Sponsor and subsequent
approval from the appropriate REC and NHS Research
& Development Office. Any major amendments under-
taken between the publication of the study protocol and
the end of the study will be made explicit in the final
published study report.

Poststudy care

All diabetes care will be provided by the patients’ diabetes
care team throughout the study with recommendations
provided by iDiabetes platform. Following the end of
the study, no further recommendations will be made by
iDiabetes.
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