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Abstract

Background: Regular supervision of patients with type-2 diabetes mellitus (T2DM) by healthcare providers is
essential to optimise their glycaemic control but is challenging to achieve in current care models. Telemonitoring is
postulated to bridge this gap by leveraging on internet-of-things and mobile-health technology. This study aims to
determine the effectiveness of a novel telemonitoring system (OPTIMUM) in improving the glycaemic control of
patients with T2DM compared with standard of care alone.

Methods: This mixed-method study comprises an initial randomised controlled trial involving 330 Asian adults with
T2DM, aged 26-65 years old with an HbATc of 7.5-10%, with 115 in the intervention and control arms each. Those
in the intervention arm will use standardised Bluetooth-enabled devices to transmit their capillary glucose, blood
pressure and weight measurements to the OPTIMUM system. Primary care physicians and nurses will remotely
supervise them according to an embedded management algorithm for 6 months, including tele-education via
weekly videos over 8 weeks and asynchronous tele-consultation if abnormal or absent parameters are detected.
Patients in both arms will be assessed at baseline, 6, 12 and 24 months post-recruitment. The primary outcome will
be their HbA1c difference between both arms at baseline and 6 months. Blood pressure and weight control; quality
of life, medication adherence, confidence in self-management, diabetic literacy and related distress and healthcare
utilisation using validated questionnaires; and incident retinal, renal, cardiac and cerebrovascular complications will
be compared between the two arms as secondary outcomes at stipulated time-points. Intervention arm patients
will be interviewed using qualitative research methods to understand their experience, acceptance and perceived
usefulness of the OPTIMUM system.
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Culturally adapted, Randomised controlled trial

Discussion: Overall, this study seeks to evaluate the effectiveness of cultural-adapted telemonitoring system in
improving glycaemic control of Asians with type-2 diabetes mellitus compared to standard of care. The results of
this trial will better inform policy makers in adopting telemedicine for population health management.

Trial registration: ClinicalTrials.gov NCT04306770. Registered on March 13, 2020.
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Background

Worldwide, the number of people living with type-2 dia-
betes mellitus (T2DM) has quadrupled since 1980 [1].
From 1980 to 2014, the global age-standardised T2DM
prevalence has increased from 4.3% to 9.0% [2]. Asia is
now the epicentre of the T2DM epidemic and associated
cardiovascular complications are the leading cause of
morbidity and mortality [3]. In Singapore, the age-
adjusted prevalence of T2DM (10.5%) is higher com-
pared to the mean prevalence globally (8.8%) and in
South-East Asia (8.5%) [1].

The majority (60%) of patients with TD2M in
Singapore are managed at the 18 government primary
care clinics or polyclinics due to subsidised fees for con-
sultation, investigations and treatment [4]. T2DM is the
third commonest diagnosis in the polyclinic attendances
in 2019 [5]. Each polyclinic, staffed by primary care phy-
sicians and nurses, provides comprehensive healthcare
services, including in-house laboratory, pharmacy,
nurse-led retinal and feet screening services to detect
T2DM-related complications [4]. Patients with T2DM
can walk in or arrange appointments to access the poly-
clinic services. The current care delivery model com-
prises on-site clinical and laboratory measurements
(such as glycated haemoglobin (HbAlc), lipid and renal
panels), counselling and consultation with the polyclinic
physicians, nurse clinicians, dieticians and pharmacists
in an ambulatory outpatient setting. Aside from a lack of
a T2DM register, patients can access multiple healthcare
providers. Continuity of care for these patients remains
a challenge due to defaulting treatment and a lack of
supervision and monitoring in between consultations.

The care delivery system to these patients requires ur-
gent review and enhancement [6], especially with their
rising concern to access healthcare services amidst the
current COVID-19 pandemic [7]. With the advancement
of the internet-of-things, mobile-health, information and
communications technology (ICT), their applications in
telemedicine can potentially transform the care delivery
to these patients [8]. Over the past decade, telemedicine
has emerged as a promising solution to bridge the epi-
sodic T2DM management.

Telemedicine refers to the systematic provision of
healthcare services over separate environments via ICT

[9]. In Singapore, it is categorised into tele-collaboration,
tele-treatment, telemonitoring and tele-support [9]. A
meta-analysis has shown that telemedicine (used inter-
changeably with telehealth) is effective in improving gly-
caemic and blood pressure control [10]. However, the
selected trials enrolled subjects with baseline HbAlc
levels of above 9%, which is skewed towards a subset of
high-risk patients and may not be generalisable to others
with better glycaemic control. Other limitations include
lack of differentiation of the various components of tele-
medicine and that the study populations were mostly
Caucasians. The findings may not be entirely translatable
to Asians due to varying levels of acceptance of tele-
medicine. Sin et al. have shown that only 52% of local
patients in polyclinics were willing to use telemonitoring
to support their self-management of T2DM and/or
hypertension [11]. The construct and design of the tele-
medicine system need to be patient-centric and
culturally-adapted to increase uptake before assessing its
outcomes.

A team of primary care professionals have teamed up
with a multinational telemedicine vendor to create a tel-
emonitoring system leveraging on the latter’s Vital-
Health population health platform. Design-thinking,
which includes patients’ input, was deployed in develop-
ing the telemonitoring system, embedded with educa-
tional material, such as locally produced video on T2DM
management and evidence-based management algo-
rithm. The system is named OPTIMUM - “Optimising
care of Patients via Telemedicine In Monitoring and
Augmenting their control of Diabetes Mellitus”.

The overarching aim of this mixed-method study is to
assess the effectiveness of the OPTIMUM telemonitor-
ing system in improving diabetic management of pa-
tients with T2DM by supporting and enhancing their
self-management. It includes a randomised control trial
(RCT) to compare the glycaemic control, based on the
magnitude of HbAlc change at recruitment and at 6th-
month post-enrolment, among patients with T2DM in
the intervention arm with those in the control arm. The
secondary aims include a comparison of blood pressure
and weight control; quality of life, medication-
adherence, confidence in self-management, diabetic lit-
eracy and related distress and healthcare utilisation using
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validated questionnaires; and incidences of emerging ret-
inal, renal, coronary and cerebrovascular complications
of the patients in the two arms at stipulated time-points
over 24 months. The study also aims to understand the
patients’ experience, acceptance and perceived useful-
ness of the OPTIMUM system in the intervention arm
using qualitative research methods.

Methods/design

Study design

The mixed-method study will begin with an open-label,
two-arm, superiority, parallel-group RCT of adult ambula-
tory patients with T2DM who are managed in primary care.
It is followed by qualitative research to gather and
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understand the perspectives of patients in the intervention
arm using in-depth interviews. The study protocol con-
forms to the Standard Protocol Items Recommendations
for Interventional Trials (SPIRIT) checklist and is provided
as Additional file 1. The flow diagram to summarise the de-
sign of OPTIMUM study is in Fig. 1. The RCT was regis-
tered at ClinicalTrials.gov in March 2020 (NCT04306770).

Setting and participants

The trial will be conducted at a polyclinic located in
Sengkang, an estate in north-eastern Singapore with a
population of about 300,000 multi-ethnic Asian resi-
dents [12]. This polyclinic serves approximately 900 to
1000 patients daily during office hours in each weekday

Patient aged 26-65 attending follow ups for type 2 Diabetes Mellitus at
Sengkang Polyclinic

Eligible patients agreeing to participate and undergo baseline
assessments

Randomisation

v

\ 4

v

Intervention (N = 165)
Receive telemedicine devices and telemedicine
care on top of usual care

v v
Follow-Up

v v

Month 6 Month 6

e Return telemedicine devices
e Continue usual care and Assessment
e Assessment

Month 12
e  Continue usual care
e  Assessment

\ 4
Month 24
e  Continue usual care
e Assessment

v

Embedded Qualitative Study (N= 30)
Assess eligibility and written informed consent

v
Embedded Qualitative Study & Semi-structured
interviews
e Patients
e  Staff
v

End of Study

Fig. 1 Overview of trial flow
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and is similar to the other polyclinics in Singapore [11].
Current standard of care of patients with T2DM at poly-
clinics include 3-6 monthly doctor’s consultation with
HbAlc readings; fasting laboratory panel tests (electro-
lyte panel, lipid panel, liver panel and urine albumin-
creatinine ratio) at diagnosis and then every 6 to 12
months; and annual diabetic retinal photograph and dia-
betic foot screening. Patients may be referred to dieti-
cians for dietary advice, nurses for co-management or
onwards to tertiary care specialists at the discretion of
the attending physician.

Screening

The study team members will pre-screen patients who
have the fasting panel tests as described above for eligi-
bility and advise the attending physician to approach
them for study enrolment during their medical review a
week after the laboratory test.

Eligibility for study enrolment
Patients will be screened for the following eligibility criteria.

Inclusion criteria

1. Diagnosis of T2DM in the patient’s electronic
medical record (EMR),

2. Latest glycaemic control based on HbAlc reading
between 7% and 10%,

3. Age between 26 and 65 years,

4. No or only mild non-proliferative diabetic retinop-
athy without any macular involvement,

5. Renal function: estimated glomerular filtration rate
(eGFR) of 45 ml/min/1.73 m* or higher (up to stage
3a classification of chronic kidney disease) [13],

6. Non-smokers, or ex-smokers who have quit smok-
ing for at least 12 months,

7. Willingness to download the OPTIMUM
smartphone application (app),

8. Willingness to use the standard monitoring devices
(blood pressure set, glucometer and weighing scale)
which will synchronise with the OPTIMUM
telemonitoring system according to the study
protocol throughout the 6-month study period,

Exclusion criteria

1. Poorly controlled glycaemic control based on the
latest HbA1lc reading of more than 10%.

2. Cognitive impairment based on a diagnosis of
dementia or mild cognitive impairment in the EMR.

3. Pre-existing retinal pathologies documented in the
EMR: proliferative diabetic retinopathy (moderate
to severe) or other retinal and macular or diseases.

4. Pre-existing chronic kidney disease stage 3b, 4 or 5.
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Known peripheral vascular, coronary and

cerebrovascular disease.

6. Individuals with any end-stage disease with life
prognosis of less than 2 years.

7. Pregnant women.

8. Self-declared reluctance or inability to commit to
the entire study over 24 months.

9. Self-declared reluctance to use the OPTIMUM
smartphone app and the associated monitoring
devices.

10. Current enrolment in another trial involving

therapeutic or non-therapeutic intervention which

will interfere with the primary and secondary out-
comes in this study.

Recruitment

The potential patients who fulfil the eligibility criteria
will be provided with an approved patient information
sheet by the attending physician during their visit. Their
queries and doubts will be addressed by the attending
physician before their written endorsement of informed
consent is obtained by a clinical research coordinator
(CRC). The CRC will then administer standardised ques-
tionnaires to record their demographic and clinical data
(Table 1) before randomisation. A total of $200
Singapore dollars in grocery vouchers will be given to
each participant at recruitment and at each of the study
visits to promote participant retention and complete
follow-up (Fig. 1).

Randomisation

Patients will be randomised in a 1:1 ratio to either the
intervention or control arm in the RCT. Random per-
muted blocks will be used to ensure balance over time.
The block size will be kept confidential from the study
team until the final database lock. The CRCs will refer to
the computer-generated block sequence concealed within
sealed opaque envelopes to randomise the patients after
obtaining their written informed consent (Fig. 1). Each pa-
tient will be assigned an individual randomised study
identification number after the randomisation. The num-
ber assigned will be used to identify the patient and be
used for their documentation in the study file.

Sample size calculation

We assume a clinically significant difference in HbAlc
of 0.5% in the sample size calculation based on data pub-
lished in previous multicentre randomised controlled tri-
als [14, 15]. For a 1:1 allocation ratio and assuming a
standard deviation of 1.4 and 1.3 in the intervention and
control arms respectively, a sample size of 115 per arm
is required to achieve 80% power to detect a difference
in HbAlc of 0.5% based on a two-sided 5% significance
level. To account for 30% dropout rate over the 24-
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Table 1 SPIRIT flow diagram of the OPTIMUM trial study
protocol

STUDY PERIOD

Enrolment | Allocation Post-allocation Close-out

TIMEPOINT 1 o t 23 21 t

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTION:

oPTIMUM

PROGRAMME

"ASSESSMENTS:

Demographics and
socioeconomics X X2 x:

status'

Medical History™* X X X X
Lifestyle
X X X X
questionnaire®
Lipid Panel®” X X X X
HbAIE! X X X X
Urine Albumin
X X X X
Creatinine Ratio”
Serum Creatinine” X X X X
EGFR’ X X X
Comprehensive
X X X
diabetic foot exam’
Vaccination
X X X X

history™

X X X X
Medication
X X X X
Adherence’”
Activities of daily
living (ADL) X X X X
questionnaire
Well-being and
X X X X
confident
X X X X

survery”?

Qualitative

interviews

—t,, baseline assessment; to, randomisation (month 0); ts, postintervention
assessments (month 6); t;,, follow up assessments (month 12); t,,, follow-up
assessments (month 24); t,, qualitative interviews

1. Demographics includes age, gender, ethnicity. Socioeconomic status includes
housing type, employment status, marital status, living status (with children/domestic
helper), household monthly income, citizenship and education level.

2. Only employment status will be collected. Other demographics and
socioeconomic status will not be collected.

3. Medical history includes diagnosis of hypertension, years of being hypertensive,
diagnosis of hyperlipidaemia, years of being hyperlipidaemic, diagnosis of
retinopathy, nephropathy, neuropathy, diabetic foot complications, coronary arterial
disease, hypoglycaemia, transient ischemic attack or stroke.

4. Years of being diabetic will be included in medical history.

5. Lifestyle survey includes smoking and alcoholic drinking habits and history.
6. Lipid panel includes LDL and HDL cholesterol, triglycerides.

7. All these data will be collected from patients’ medical records 1 month before the
recruitment, or within 1 month after the recruitment if the past data is unavailable.
8. History of flu and pneumonia vaccination.

9. Vital signs include systolic and diastolic blood pressure, pulse rate, weight
and height.

10. Oral diabetes medication compliance measured using the MARS 5
questionnaire and insulin compliance measured using MPR.

11. Well-being and confidence surveys include Michigan diabetes knowledge, self-
care inventory, the international physical activity questionnaire (short) and EQ-5D-5L.
12. Diabetes distress survey using the Problem Areas in Diabetes Scale (PAID).
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month follow up, the total sample size was increased to
165 per arm or a total study population of 330 for the
RCT. In the subsequent qualitative study, the tentative
plan is to interview 30 patients in the intervention group
or more until data saturation is reached [16].

OPTIMUM telemonitoring system

The OPTIMUM system rides on the cloud-based Philips®
VitalHealth platform for population health management.
The platform is currently being used in more than 100
healthcare networks in countries in North America and Eur-
ope and will be launched in Singapore in this study. The
study team has leveraged on an innovative strategic ap-
proach based on Philips® Co-Create methodology to cultur-
ally adapt the platform to the local Asian population. The
Co-Create methodology is a step-wise, iterative, people-
centric and multi-disciplinary approach to creative
innovation and problem-solving. Based on a mindset of col-
laboration, it extracts thoughts, intentions, and creative ideas
via a facilitated workshop. During the workshop, stake-
holders, including the researchers, clinicians, nurses, clinic
administrators and patients deliberate with the technical
team to develop and culturally adapt both the patient-facing
smartphone OPTIMUM app and clinician-facing web-app.
Two collaborative interviews were conducted through an it-
erative process to develop and refine the solution.

The OPTIMUM system was developed after iterative so-
lution refinements and two rounds of user acceptance test-
ing. Both the patient OPTIMUM app and clinician web-
portal leverage on the Amazon Web Services (AWS)-
hosted cloud solution. The cloud-based, containerised
microservice architecture makes it a highly accessible and
easily scalable health management solution. It also supports
role-based authorisation to allow different clinician roles
and for them to have access only to specific patient data set
to ensure privacy. It is brand- and system-agnostic to vari-
ous monitoring devices available in the community.

The OPTIMUM system allows for remote patient
monitoring, raises their health and diabetes literacy via
locally produced patient education videos, and timely in-
terventions via phone call by the clinicians and nurses in
the study team when the patients’ clinical parameters ex-
ceed pre-determined thresholds. These thresholds are
set by the investigators based on local clinical practice
guidelines [17] and are embedded in the OPTIMUM
management algorithm. The OPTIMUM system facili-
tates daily monitoring of patients’ parameters and gener-
ates tasks based on pre-defined criteria embedded in the
OPTIMUM protocol (Additional file 2). The nurses will
also take actions according to the protocol algorithm.

Intervention
A set of three Bluetooth-enabled devices, a weighing
scale (Xiaomi Body Composition Scale 2), a glucometer
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(Accu-chek Guide set, Model 929 mmol/L) and an elec-
tronic blood pressure monitor (Smartfuture Medcheck
Blood Pressure Monitor SFB01), will be allocated to each
patient in the intervention arm for their sole use during
the trial. The CRCs or nurses in the study team will in-
duct these patients to the use of the three devices, and
synchronise them with the OPTIMUM app. The patients
will use the app to provide their responses to the health
assessment questionnaires, which will then automatically
transmit the data to the nurses for review.

Patients randomised to the control arm will continue
with standard care as described previously and may con-
tinue using their own devices, if any, for their own moni-
toring. Patients randomised to the intervention arm are
expected to perform the following tasks in the first
6 months after recruitment (Fig. 2).

Tele-education

For a period of eight consecutive weeks post-enrolment,
patients will receive weekly push reminders for self-
monitoring via the OPTIMUM app, links to educational
videos covering various aspects of T2DM management
(understanding T2DM, eating healthily, alcohol and
smoking advice, physical activity demonstrations, and
having a healthy mindset). These videos aim to empower
patients to improve their self-management of T2DM.
After viewing each video, each patient will take a short
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quiz to test their knowledge related to the video content
via the app.

Tele-monitoring and tele-support

Patients will self-monitor their body weight, blood
pressure, heart rate and capillary glucose levels using
the devices according to the stipulated schedule in
the OPTIMUM system. The readings will be automat-
ically transmitted through the OPTIMUM system to
the clinical care team who will review them asyn-
chronously using the clinician-facing dashboard. Per-
sonal target thresholds are pre-set based on clinical
practice guidelines (Additional file 2). The study team
nurses will phone the patients based on the
OPTIMUM treatment algorithm to assess, advise and
manage patients accordingly based on their clinical
parameters.

Patients will receive immediate feedback via push
notifications from the app if their clinical parameters
deviate beyond the stipulated range. They will be
prompted to respond to questions in the messages to
verify their measurements, screen for any related
symptoms and assess adherence to medications. The
nurses will review their responses before deciding on
the appropriate actions based on the pre-specified es-
calation protocols. The actions include telephone con-
sultations or arranging for patients to return to the
polyclinic for assessment in consultation with the

BP monitor:
Recommended to take at least once a day
High alert: When there is no reading taken
consecutively in 3 days - Nurse to call
within 1 working day
Low alert: When there is no reading for 1
day and 2 days

v

v v v v
*High BP Low BP High Pulse Low Pulse
(Systolic (Systolic (>120bpm) (<50bpm)
>180 mmHg, <85mmHg,
Diastolic Diastolic
>110 mmHg) <60mmHg)

I

*: Contact doctor immediately

Fig. 2 OPTIMUM treatment algorithm

Patient will be given 3 telemedicine devices to bring home

Glucometer:
Recommended to take at least once a day

High alert: When there is no reading taken
consecutively in 1-week Nurse to call within
1 working day

Telemedicine nurse to access their patients’ BP, pulse rate, blood glucose and weight readings daily. Patients with high readings
were highlighted by the VitalHealth for easy identification. Telemedicine nurse to look out for high alert flags in their screen
daily

Repeat measurement, prompt survey

| |

‘Weighing machine:
Recommended to take at least once
a week
Medium alert: Missed readings for
one month - Nurse to call within 3
working days

(pre-meal)

A4 v

v v v v
High BG Low BG Increased by Decreased by
(>10mmol/L) (<4mmol/L) more than more than
Skgina Skgina
month month

o b

Prompt Survey
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clinicians. Patients will also be encouraged to contact
the nurses should they have queries about their
chronic conditions.

Qualitative study procedure

Patients from the intervention arm will be purposively
selected from both gender, age and ethnic groups and
different level of self-care behaviour (based on their
scores in the various scales) to participate in interviews.
The one-to-one in-depth interviews will gather qualita-
tive data on their experiences, utility and adherence to
self-monitoring using the devices and the OPTIMUM
system. Each interview will be audio-recorded, tran-
scribed and audited by an assigned investigator. The
topic guide is available as Additional file 3.

Data

Demographic and clinical data

Patients’ sociodemographic and clinical data will be
recorded using questionnaires (Table 1). They include
age, gender, ethnicity, housing type, employment sta-
tus, marital status, household information, household
monthly income, citizenship and education level; year
of diagnoses and duration of T2DM, hypertension,
dyslipidaemia, post-enrolment onset of T2DM-related
macro, microvascular complications such as coronary,
cerebral and peripheral vascular diseases retinopathy,
nephropathy, neuropathy, foot complications and
hypoglycaemia; adverse events such as hypoglycaemia,
hypotension and lifestyle behaviour such as alcoholic
intake.

The CRCs will measure their clinical parameters ac-
cording to the protocol schedule, including systolic and
diastolic blood pressure, pulse rate, weight, height and
body mass index (BMI).

Demographic data as above will also be collected for
participants who drop out and analysed with trial partic-
ipants for any differences.

Laboratory data

Blood investigations are performed at the accredited on-
site laboratory or central laboratory at Singapore Gen-
eral Hospital. They include:

1. Glycaemic control: HbAlc (onsite using the DCA®
Vantage Analyser).

2. Lipid panel (total cholesterol, HDL-cholesterol,
triglycerides and calculated LDL-cholesterol) at
central laboratory with the Roche® Cobas ¢702
machine using the enzymatic colourimetric
method.

3. Renal panel (serum electrolytes and creatinine
levels) using the Roche® Cobas ¢702 machine in the
central laboratory. The eGFR is computed using the
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Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [18].

4. Urine albumin and urine creatinine using the
Beckman DXC700AU machine in the central
laboratory.

T2DM related literacy and behaviour profiles using self-
rated scales

1. European Quality of Life-5 dimensions (EQ-5D-
5L) scale. It is a brief, generic health-status in-
strument validated in the local Asian population
[19]. The first part of the scale contains 5-point
Likert-type items (no/slight/moderate/severe/ex-
treme) to assess the five dimensions of a per-
son’s health status (mobility, self-care, usual
activities, pain/discomfort and anxiety/depres-
sion). The second part is the EQ-Visual Analog
Scale (EQ-VAS), which is a vertical, 0 (the
worst health state) to 100 (the best health state)
hash-marked numerical scale for self-rating of
overall health.

2. Medication adherence is assessed using the Medication
Adherence Report Scale (MARS-5) for oral
hypoglycaemia agent. The MARS-5 comprises five
items which describe a range of non-adherent behav-
iours, phrased in a non-threatening and non-
judgmental way to normalise non-adherence. The scale
allows the patients to rate their adherence over five
points, rather than on the basis of a “yes/no” or “high/
low” dichotomous response, thus providing more detail
and differentiation between individuals [20].

3. Medication Possession Ratio (MPR) for insulin. The
MPR is a ratio of the total days’ supply of insulin to
the number of days of study participation per
participant [21].

4. Michigan Diabetes Knowledge Test (MDKT). The
MDKT consists of a 14-item general test and a 9-
item insulin use subscale to assess literacy on
T2DM and treatment [22].

5. Self-care inventory (SCI): Self-care is defined as
the daily regimen tasks that a patient performs
to manage T2DM. SCI is a self-reported ques-
tionnaire to assess patients’ perceptions of self-
care behaviours, especially on their adherence to
their treatment prescriptions, regardless of their
treatment regimens [23].

6. International physical activity questionnaire - short
form (IPAQ-SF). The IPAQ-SF records physical ac-
tivity at four intensity levels: (1) vigorous-intensity
activity such as aerobics, (2) moderate-intensity ac-
tivity such as leisure cycling, (3) walking and (4) sit-
ting [24].
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7. Diabetes-related distress using the Problem Area
in Diabetes (PAID) scale. It is a 20-item scale to
measure emotional distress in people with dia-
betes mellitus and has been validated in a Singa-
porean population [25, 26].

Outcomes

Primary outcome measures

The primary outcome will be the mean HbAlc and mag-
nitude of its change on enrolment and at 6 months in
patients in the intervention arm compared with those in
the control arm.

Secondary outcomes at stipulated time points

1. Post-intervention HbAlc at 12 and 24 months.
On-site systolic and diastolic blood pressure
readings.

Weight and BMI.

4. Absolute and change in scores in EQ. 5D-5L,
MARS-5, MPR, MDKT, SCI, IPAQ-SF, PAID.

5. Healthcare utilisation based on hospitalisation and
polyclinic treatment bills.

6. Incidence of macro and microvascular
complications, such as coronary, cerebral, renal
retinal and peripheral vascular diseases diagnosed
by clinicians and documented in the EMR. Renal
outcomes will be determined from the serum
creatinine, urine albuminuria and eGFR.

7. Fidelity of patients to the stipulated telemonitoring
protocol. It will be computed based on the
proportion of them adhering to or exceeding the
recommended frequency of self-monitoring of the
three key clinical parameters (systolic and diastolic
blood pressure, weight and capillary blood glucose)
and the proportion of them who have viewed all the
health education videos. These data will be retrieved
directly from the OPTIMUM system.

w

Adverse event reporting

Serious adverse event (SAE) resulting in death, hospital-
isation or significant disability and incapacity in patients
during the conduct of this study will be immediately re-
ported to the institution review board and documented
as SAE data in the eventual analysis of the data.

Adverse event (AE) can be any unfavourable and unin-
tended sign (including an abnormal laboratory finding)
and symptoms reported by the patients during the study.
AE may be reported directly by patients, via the
OPTIMUM app or discovered by the nurses via phone
calls. Such information will also be documented and
computed for analysis. The Principal Investigator will re-
port the SAE and AE to the Institutional Review Board
(CIRB) within the stipulated timeframes.
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Data integrity and governance

The institution and collaborators will adhere to Human
Biomedical Research Act guidelines to maintain subject
confidentiality. All hard copy research documents will be
stored in locked cabinets and electronic datasets will be
stored in secured end-to-end encrypted platforms (Red-
Cap and OPTIMUM System) where access is solely
restricted to investigators. Quality assurance of the study
will be conducted by research auditors from an inde-
pendent collaborative partner, who will review the
study-related source data and documentation. The
accuracy of the data will be verified by reviewing all
study-related documents. Routine monitoring will be
conducted to ensure that the study is conducted in com-
pliance with the currently approved study protocol,
standard operating procedures and applicable regulatory
requirements.

A Trial Steering Committee comprising of the institu-
tion leadership (Executive Director of MOHT and Chief
Executive Officer of SingHealth Polyclinics) has been
established to review the progress of the study imple-
mentation and all reported AE and SAE data every six
monthly.

Statistical analysis

Baseline characteristic (e.g. demographics and socioeco-
nomic status, medical history and lifestyle etc.) will be
summarised by arm. The Kolmogorov—Smirnov test will
be applied to evaluate the normality of data distribution.
For continuous variables, mean and standard deviation
will be reported if they are normally distributed, other-
wise median and interquartile range will be reported.
The number of cases and proportions will be reported
for categorical variables.

Continuous outcomes, including mean HbAlc, systolic
and diastolic blood pressure, BMI, quality of life, medi-
cation adherence and rating scales will be compared by
arms. Mean difference with 95% confidence interval will
be calculated and tested by two sample ¢ test if they are
normally distributed, and the non-parametric test will be
applied otherwise. The number and proportion of pa-
tients experiencing a cerebrovascular event will be tabu-
lated by arm. Difference in proportions will be tested
using Fisher’s exact test with 95% confidence interval
calculated. One interim analysis with the same above-
mentioned analyses is planned for this trial when all the
patients complete month 6’s follow-up visit. The level of
significance will be set at 5%. Data will be analysed using
Statistical Analysis System v.9.4.

Safety data analyses

The number and proportion of patients experiencing
T2DM related complications will be tabulated for each
arm with 95% confidence intervals using the exact
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method. The number and proportion of patients with
AE and SAE will be tabulated and compared between
both arms.

Qualitative data analysis

The initial two to three transcripts will be coded by two
investigators with the aid of NVivo software to establish
a coding frame, before one of them proceeds to
complete the coding for the remaining transcripts. The
Health Information Technology Acceptance Model will
underpin the coding frame. Transcripts will be analysed
using the six steps outlined by Braun and Clarke [16].
The emerging themes will be deliberated by the investi-
gators and then finalised prior to manuscript writing for
publication.

Discussion

Appropriate management of T2DM is crucial in mitigat-
ing its associated morbidity and mortality. Current
models of care of TD2M patients is episodic and often
resource intensive. Gaps in monitoring patient between
visits exist and continuity of care is key to optimising
glycaemic control.

Telemedicine is promising in how care delivery can
be modified to improve glycaemic control through
continuous monitoring of patients by leveraging on
ICT.

The OPTIMUM programme is a novel multicompo-
nent primary care telemedicine programme comprising
of remote patient monitoring, education, and timely in-
terventions utilising a bespoke patient-facing smart-
phone application and clinician-facing web application.
The OPTIMUM VitalHealth system is culturally
adapted through an iterative and collaborative process in
close consultation with clinicians, patients and technical
staff.

While previous studies have shown a positive impact
of telemedicine in the treatment of T2DM patients,
baseline characteristics of these patients were largely
poorly controlled. Furthermore, these previous studies
were done in a Western population which may not be
generalizable to an Asian population. We will thus de-
termine the effectiveness and acceptability of a culturally
adapted telemedicine in supporting standard of care of
T2DM patients.

Findings from this study will enable provide insight
into the acceptability of such a model of T2DM and pos-
sibly chronic diseases as a whole. It will also better in-
form policy makers in adopting telemedicine for
population health management.
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