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Abstract

Background: There is a global pandemic of type 2 diabetes mellitus (T2DM), especially in Asia. Singapore has a
prevalence of T2DM at 10.5%, which is higher than the world average of 8.8%. Multiple studies have shown that
multidisciplinary, team-based, coordinated care has been associated with improved measures of quality care and
reduced healthcare utilization. Patients with poor glycemic control and nephropathy are at the highest risk of
developing cardiovascular complications and renal failure. In this study, we aimed to investigate the impact of
intensive multidisciplinary diabetes mellitus care with patient empowerment versus routine clinical care on the rate
of progression of micro and macrovascular complications and peripheral atherosclerotic burden, as measured by
changes in femoral intima-media thickness (IMT) in patients with persistently elevated HbA1c and nephropathy.

Methods: The study is a single-center randomized controlled trial (RCT) with two study arms - intensive diabetes
mellitus care versus routine clinical care. Patients in the intensive arm will receive care from a multidisciplinary team
consisting of an endocrinologist, diabetes nurse educator, dietitian, renal pharmacist and medical social worker for
counselling. In addition, patients will be provided with tools for self-care empowerment such as glucometers, blood
pressure monitors and android tablets to facilitate care, monitoring and education. Patients in the routine clinical
care arm will receive standard clinical care. Follow up (FU) will be for 3 years. Primary outcomes include cardiovascular
events, rate of progression of nephropathy and development of end-stage renal disease. Secondary endpoints include
the proportions of patients with documented improved control of cardiovascular risk factors (HbA1c, blood pressure, low
density lipoprotein-C (LDL-C), reduction in body weight), frequency of hypoglycemia, hospitalization days and changes in
femoral IMT. We will also examine the prevalence of peripheral atherosclerosis and the predictive value and usability of
lower extremity arterial ultrasound to predict cardio-cerebrovascular events, amputation and peripheral intervention.
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Discussion: Diabetes mellitus carries significant healthcare costs. Patients with poor glycemic control and nephropathy
are at highest risk of developing cardiovascular complications and renal failure. Intensive diabetes mellitus care with
patient empowerment may lead to sustained glycemic control, reduction of clinical complications and progression of
nephropathy, and incidence of cardiovascular complications.

Trial registration: ClinicalTrials.gov, NCT03413215. Registered on 29 January 2019.

Keywords: Diabetes mellitus, Multidisciplinary care, Patient empowerment, Microvascular complications, Macrovascular
complications, Atherosclerosis

Introduction
Background
The number of individuals with type 2 diabetes mellitus
(T2DM) in Singapore, a Southeast Asian city-state with a
population of 6.5 million, is estimated to grow from 400,
000 to 670,000 by 2030 and to an alarming 1.0 million by
2050 with the continuing rise in the prevalence of obesity
[1]. Total economic costs per working-age patient with
T2DM in 2010 were estimated to be US$5,646, with total
economic costs of US$787 million; this is estimated to rise
to US$7,791 per patient and total economic costs of US$1,
867 million by 2050 [2]. The presence of complications
and need for inpatient care are major contributors to these
increasing costs. Diabetic nephropathy is a major cause of
morbidity and mortality. Asian ethnicity, uncontrolled
hypertension and proteinuria are major risk factors for
progression to end-stage renal failure [3]. Control of mul-
tiple risk factors, as in the Steno-2 study [4], has been
shown to improve cardiovascular outcomes, increase the
length of time free from incident cardiovascular disease,
reduce the risk of death from all causes and reduce the
progression of nephropathy as measured by worsening
proteinuria, glomerular filtration rate (GFR) and serum
creatinine. Previous trials have also suggested the utility of
the chronic care model [5], structured recall [6], regular
nurse contact [7], technology-enabled diabetes self-man-
agement education and support [8, 9] and a multifaceted
approach in dealing with diabetes mellitus [6]. While most
researchers have agreed that good glycemic outcomes are
achievable through committing to appropriate intensive
therapy and a team approach [10], there are multiple bar-
riers to the implementation of quality diabetes mellitus
care. In particular, barriers to good diabetes mellitus care
can include the absence of a system to prioritize clinical
resources for patients who require more intensive manage-
ment, inadequate self-empowerment of patients, inad-
equate use of effective behavioral modification techniques,
ineffective use of technology to enable diabetes self-man-
agement education and support and the need to self-fund
glucose monitoring devices and monitoring and treatment
consumables.
Accordingly, we aim to find out whether stratifying

patients according to their risk of developing diabetic

complications, and channeling purposefully structured
clinical resources to high-risk patients will be more ef-
fective than usual care in controlling diabetes mellitus
and cardiovascular risk factors and in reducing clinical
event rates. We plan to structure clinical resources such
that these patients will have accessibility to interdiscip-
linary team clinic consultations, interspersed with
remote follow up of their conditions by diabetes nurse
educators (DNEs). The use of messaging systems, a dia-
betes-specific smartphone application and smart tablets
with diabetes self-management educational material will
be individualized for patients, according to their prefer-
ences for communication and their technological liter-
acy. The aim is to test whether these changes to the
diabetes healthcare system will improve outcomes, yet
remain sustainable in the current climate of heavy
clinical workloads.
Diabetic macrovascular disease, manifested by acceler-

ated atherosclerosis, and its complications are the leading
causes of morbidity and mortality in patients with T2DM.
Individuals with diabetes mellitus have twofold to fourfold
higher peripheral rates of arterial disease and an approxi-
mately 15 times greater rate of lower extremity amputa-
tions [11]. At present, atherosclerotic lesions in the carotid
arteries detected by ultrasound appear to represent total
atherosclerotic burden [12] but this has been found to be
only weakly related to plaque burden in other peripheral
arteries [13]. Compared with carotid arterial plaques, the
association between lower extremity atherosclerosis and
general atherosclerosis has received much less attention.
Our research aims to measure changes in femoral intima-
media thickness (IMT) in high-risk patients with diabetes
mellitus in response to intensive intervention, and investi-
gate whether imaging to determine peripheral atheroma
burden can help in predicting and preventing urgent and
emergent peripheral vascular disease intervention.

Methods
Trial design
This is a single-center, randomized controlled trial of in-
tensive diabetes mellitus care with patient empowerment
versus routine clinical care.
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Aims and hypotheses
Main hypothesis
Intensive diabetes mellitus care involving the following
strategies will be more effective than usual care in control-
ling diabetes mellitus, controlling multiple cardiovascular
risk factors, slowing down the progression of nephropathy
and peripheral atherosclerosis, reducing clinical event
rates and decreasing the visits to specialist clinics and
admissions to hospital for diabetes-related complications:

1. Channelling patients at high risk of developing
diabetic complications to interdisciplinary team
clinic consultations

2. Active counselling and teaching of self-care skills by
allied health professionals (DNEs, medical social
workers (MSWs), pharmacists)

3. Closer, remote follow-up via telephone aided by
simple technology to facilitate diabetes self-
management education and support by the DNE
and MSW between clinic visits

Secondary hypotheses and objectives
We will be examining the prevalence of peripheral ath-
erosclerosis and the value of lower extremity arterial
ultrasound in predicting cardio-cerebrovascular events
and/or amputation, and in reducing the risk of hospital
admissions for critical limb ischemia.

Study population
Patients seen by endocrinologists for T2DM manage-
ment at a regional hospital diabetes outpatient clinic in
Singapore will be screened for eligibility for the study.

Eligibility criteria
Patients will be considered eligible for the study if they
fulfil the following criteria:

1. Aged 21–70 years
2. Poorly controlled T2DM as defined by HbA1c ≥ 9%
3. Nephropathy as defined by estimated GFR (eGFR)

30–60 ml/min and/or proteinuria classified as urine
protein > 0.5 g/day and/or urine albumin:creatinine
ratio (ACR) >30 mg/mmol on two consecutive
measurements 3 months apart

Patients will be excluded from study participation if
any of the following criteria are present:

1. Type 1 diabetes mellitus defined as a history of
ketosis at diagnosis (acute symptoms with heavy
ketonuria (urine value > 3+) or ketoacidosis) or
continuous requirement of insulin within 1 year
of diagnosis.

2. Psychiatric conditions being treated by medications
that adversely affect patients’ weight and stability of
their mental health.

3. Patients on weight loss medications or have had
bariatric surgery, which may affect their mental
health and compliance with dietary advice.

4. Life expectancy < 12 months due to advanced
cancer or other life-threatening conditions, such
that they will not be able to perform self-care or
complete 3 years of follow-up.

5. Pregnant or lactating patients.

Patients will be withdrawn from the study if any of the
following criteria apply:

1. The patient withdraws consent
2. The patient is no longer able to participate or the

investigator, in discussion with the patient’s
attending physician(s), decides to terminate
participation on medical grounds

3. The patient becomes pregnant during the study

There will be no participant replacement in the study
if a participant withdraws.

Randomization
There will be a total of 50 patients recruited, with 25
patients randomized to the intensive arm and 25 patients
to the standard care arm. Randomization will be per-
formed by a statistician using computer-generated ran-
dom number sequence with an allocation ratio of 1:1 for
each group.

Allocation
Computer generated codes numbered 1–50 will be used
to assign patients to either the intensive arm or the
standard care arm. The randomization procedures are as
follows:

1. The physician or nurse will explain to eligible
patients about the international recommendation
on performing regular follow-up to detect silent risk
factors and complications

2. They will also explain to patients the need to assess the
effectiveness of using a team to implement structured
care by comparing the latter with usual care

3. After the patient has signed the consent form, a
study team member will open the envelope
containing the randomization group and sign and
date the envelope

4. The signed envelope will be kept by the nurse in a
secure place for audit purposes

5. The nurse will explain to the patient whether they
have been randomized to the intensive arm or
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standard care arm and the assessment will proceed
accordingly

6. The nurse will keep a log of randomized patients
and record status including study completion,
premature discontinuation, withdrawal of consent
or loss to follow-up

Interventions
Intensive care group visits and counseling

Multi-disciplinary team trained in motivational
interviewing techniques Patients will be managed by a
multi-disciplinary team consisting of an endocrinologist,
a DNE, a renal pharmacist and an MSW. This shifts the
traditional physician-centric management to structured
physician, DNE, MSW and pharmacist clinic and teleme-
dical follow-up. This multi-disciplinary team will aim to
treat to treatment targets and provide comprehensive,
structured, piece-meal, interactive-style counseling incorp-
orating structured counseling on the essential self-care be-
havior in people with diabetes mellitus that predict good
outcomes. All healthcare providers involved in this multi-
disciplinary team will be trained in motivational interview-
ing techniques.

Endocrinologist clinic review The endocrinologist
clinic review will include review of blood and urine test
results, weight and blood pressure. Medication will be
adjusted to achieve HbA1c, low density lipoprotein-C
(LDL-C) and blood pressure and urine ACR targets.

DNE clinic review and telephone reviews The DNE
will counsel the patient at recruitment and follow up the
patient’s self-blood glucose monitoring (SBGM) readings
and food diary via telephone calls and messages, and in
suitable patients who prefer to use a smartphone applica-
tion, via the “CGH Diabetes Diary” application. Additional
face-to-face clinics sessions will be arranged according to
clinical discretion. The DNE will prepare a clinic folder for
each patient and create a system to facilitate appointment
booking and tracking of default. Between each follow-up
visit, the DNE will contact the patient by phone or email to
remind them of the appointments (e.g. medical follow-up
visit or laboratory tests), remind them to adhere to medica-
tions and healthy lifestyles, perform and report self- glu-
cose monitoring, advise on insulin dose titration and
provide psychosocial support, as appropriate. Before each
follow-up visit, the nurse will ensure that results of all
blood and urine tests ordered by the physician are available
in the clinic review folder for decision making. At each fol-
low-up visit, the patients will first see the nurse to record
blood pressure, body weight and urine and blood tests in
the clinic review folder. The patient’s compliance will also
be checked at each visit. The patients will see the nurse

after the folow-up visit, to clarify any issues and concerns.
The nurse will reinforce compliance and record any
changes in medications, and note any procedures or tests
ordered by the doctor. After each follow-up visit, the nurse
will issue summary reports to be given to patients and phy-
sicians to promote sharing of information.

Renal pharmacists Renal pharmacists will be involved
in the care of the patient if blood pressure measured
during the endocrinologist consultation is not at target
and requires more intensive medication titration. The
first appointment with the pharmacist will be scheduled
2–4 weeks after the endocrinologist’s referral, during
which there will be a review of the patient’s compliance
to antihypertensive agents, any side effects, renal
panel results if an angiotension converting enzyme
(ACE)-inhibitor or angiotensin-receptor blocker
(ARB) was started or increased in dose, and home blood
pressure measurements. The pharmacist will measure
and document the blood pressure and heart rate in clinic
and adjust the dose of antihypertensive agent(s) to meet
the blood pressure goal according to the hospital’s
hypertension guideline. The pharmacist will also counsel
and educate the patient on blood pressure management
and drug therapy where appropriate. The next appoint-
ment with the patient and any necessary blood test will
then be arranged; intervals between each appointment
may range between 2 weeks and 3months during the
period of dose titration. Once target blood pressure has
been reached and blood pressure is stable, no further
follow-up with the pharmacist will be scheduled unless
requested by the endocrinologist.

Dietitian The dietitian will counsel the patient at re-
cruitment and further follow-up clinic sessions will be
arranged according to clinical need and discretion. Pa-
tients will be counseled on eating behavior in line with
American Diabetes Association nutrition therapy recom-
mendations for the management of adults with diabetes
mellitus [14].

Medical social worker The MSW will hold six follow-
up sessions (three face-to-face and three telephone fol-
low-ups), at 3-weekly intervals, with intervals for follow-
up varying according to the participant’s readiness and
motivation. The first session will include administration of
the Diabetes Distress Scale-17 (DDS17) [15], Medication
Adherence Report Scale-5 (MARS-5) [16] assessment of
the patient’s knowledge of his/her condition, his/her
awareness and motivation level, engagement of the care-
giver (if applicable) and goal setting. The six sessions will
focus on using health change methodology to discuss
seven essential self-care behaviors that predict good out-
come in diabetes mellitus: healthy eating, being physically
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active, monitoring of blood glucose, compliance with
medications, good problem-solving skills, healthy coping
skills and risk-reduction behavior.

Equipment, technology and educational material
Equipment will be provided to suitable patients when
clinically indicated and these include blood pressure
monitors, glucometers, glucose test strips, lancets and
android tablets. Patients whose blood pressure readings
are not at target at clinic appointments will be taught
and encouraged to take measure their own blood pres-
sure and provided with a blood pressure machine. Pa-
tients with HbA1c not at target or with significant risks
of hypoglycemia will also be provided with a glucometer,
glucose tests strips and lancets and taught how and
when to perform SBGM, instructed how to use either a
written or smartphone logbook, instructed to take pho-
tographs of their meals and how to communicate with
DNEs via the smartphone application or via messaging
systems. Patients will also be taught how to activate
smartphone applications or pedometers to measure daily
activity. These aim to improve and increase patient-gen-
erated health data, communication of capillary blood
glucose readings between patient and healthcare profes-
sional, diet and exercise, and act as communications
channels through which individualized feedback can be
given to the patient to specifically target glycemic con-
trol, blood pressure and exercise targets. Patients will
also be provided with handouts and with tablets contain-
ing organized educational material including easy-to-
understand and relevant videos and educational material
to facilitate diabetes self-care.

Standard care group visits and counseling
Patients randomized to the standard care group will receive
usual care, which consists of:

1. Scheduled, regular, 4-monthly, specialist outpatient
care visits for review of blood pressure, HbA1c and
other investigations, and titration of medications as
per standard of care

2. Counseling with the DNE according to standard of
care and usual follow-up via a phone call with the
DNE initiated by the patient

3. Provision of educational materials on diabetes
mellitus as per standard of care

4. Counseling with the dietitian according to standard
of care, based on the American Diabetes
Association nutrition therapy recommendations
for the management of adults with diabetes
mellitus [14]

Outcomes
The following endpoints will be evaluated.

Primary endpoints
The primary outcome measures are (1) rate of deterior-
ation of chronic kidney disease (rate of decline of eGFR
or worsening of proteinuria) or development of end-
stage renal disease, whichever events happen and (2)
cardiovascular events (composite events of acute
myocardial infarction, revascularization procedures,
heart failure, unstable angina, arrhythmia, stroke, transi-
ent ischemic attacks requiring hospital admissions) and
related death, whichever events happen.

Secondary endpoints
Secondary outcomes include (1) proportion of patients
with documented improved control of risk factors and
fulfilment of two or more of the “ABC” targets as de-
fined by (a) HbA1c < 7%, (b) blood pressure < 140/90
mmHg and (c) LDL-C < 2.6 mmol/L and/or two of the
following changes in risk factor control: (d) at least 0.5%
reduction in HbA1c, (e) at least 5 mmHg reduction in
systolic BP, (f) at least 0.5 mmol/L reduction in LDL-
C, (g) at least 3% reduction in body weight, (2) fre-
quency of hypoglycaemia (in the last 3 months) (3)
number of hospitalization days and (4) changes in
femoral IMT.

Other endpoints
Other endpoints include (1) change in the MARS-5 for
compliance and (2) change in the DDS17 scores.

Vascular endpoints
Patients in both the intensive and standard care groups
will undergo femoral vascular imaging at 0 months, 12
months and 36 months. Femoral vascular imaging soft-
ware will be used to measure IMT.
The aims in studying patients’ vascular outcomes will be

(1) to determine the prevalence of and risk factors for per-
ipheral atherosclerosis indicated by the presence of lower
extremity arterial atherosclerotic plaques, (2) to determine
whether lower-extremity arterial ultrasound examination
constitutes a more useful approach to screening Asian
patients with T2DM for generalized atherosclerosis
compared with the measurement of only one of these
parameters, (3) to examine whether occurrence of lower
extremity arterial plaques increases the incidence of
cardio–cerebrovascular events and verify whether the
presence of lower extremity atherosclerosis further
increases the cardio-cerebrovascular risk independent
of usual cardiovascular risk factors in patients with
T2DM and (4) to document the distribution of per-
ipheral vascular disease and severity of stenosis/occlu-
sions in this population of patients and study whether
this could be an early predictor of amputation/peri-
pheral intervention.
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Medication Adherence Report Scale-5 (MARS-5)

Fig. 1 (See legend on next page.)
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Participant timeline
Figure 1 shows the Standard protocol items: recommen-
dation for interventional trials (SPIRIT) schedule of
enrolment, interventions, and assessments (Additional
file 1).

Sample size
The proposed sample size of 25 participants in each
group is adequate to estimate the mean of the eGFR
between the two groups of participants, effect size
(2.5-unit difference) using the t test (two-tailed
alpha = 0.05 with statistical power of 0.80).

Blinding (masking)
All analyses will be completed by a statistician who is
blinded to treatment allocation and unblinding will
occur after the analysis is complete.

Data collection methods
Patients will be weighed (wearing light clothing without
shoes) using a calibrated electronic scale and recorded to
the nearest 0.01 kg and height will be measured with a
portable stadiometer to the nearest 0.1 cm (barefoot). Body
fat percentage will be measured by bioimpedance electrical
analysis using the Tanita TBF-300 Goal Setter body com-
position analyzer. Waist circumference will be measured
by a non-stretch tape at the level midway between the
lowest rib margin and the iliac crest and recorded to the
nearest 0.1 cm, while the patient is standing. Hip circum-
ference will be measured at the widest circumference at
the level of the symphysis pubis and gluteus maximus.
Systolic and diastolic blood pressure (BP) will be

measured at the left arm with patients seated and rested,
with an appropriately sized cuff placed at the level of the
heart using an automated sphygmomanometer.
Venous blood and urine samples will be collected after

10 h of fasting at week 0 and thereafter before every
clinic review by the endocrinologist. These include sam-
ples for testing HbA1c, renal panel, calculated eGFR,
fasting lipid profile (total cholesterol, triglyceride, LDL-
C, HDL-C) and urine albumin:creatinine ratio.
Baseline, 4-month (after MSW intervention) and end-

of-study MARS-5 and DDS17 questionnaires will be per-
formed in both the intervention and control groups. The
MARS-5 by Horne et al. has been widely used to assess
patient adherence to medication in clinical research and
medical practice. The DDS17 is a 17-item scale that

captures four critical dimensions of distress: emotional
burden, regimen distress, interpersonal distress and
physician distress.
Philips Medical systems QLAB Quantification software

for IMT will be used as the primary measurement tool for
bilateral common femoral arteries (CFA) and superficial
femoral arteries (SFA) [12, 17]. When automated
measurements are not possible due to the course of the
arteries or state of disease, manual measurements will be
taken at the same specified anatomical landmarks.
The IMT is defined as the distance between two echo-

genic lines represented by the lumen-intima interface and
media-adventitia interface of the arterial wall (Table 1).

Data management
Case record forms will be stored in locked cabinets in the
research office. Research data will be stored on the
designated computer, which is password protected. Only
the delegated study staff will have access to the research
data. The study participants’ identification will be coded
and their records will be available only to the investigators.

Statistical methods
Categorical data will be presented as frequency (percent-
age). Numerical data will be presented as mean (standard
deviation (SD)), unless specified otherwise. Differences in
baseline characteristics between two groups will be
examined using the chi-square test or Fisher’s exact test
for categorical variables and the two-sample t test or
Mann-Whitney U test for continuous variables.

(See figure on previous page.)
Fig. 1 Standard protocol items: recommendation for interventional trials (SPIRIT) schedule of enrolment, interventions and assessments. aBlood
and urine tests for HbA1c, renal panel, calculated estimated glomerular filtration rate (eGFR), fasting lipid profile (total cholesterol, triglyceride,
low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL)) and urine albumin:creatinine ratio. bDiabetes Distress Screen
Scale (DDS17) and Medication Adherence Report Scale-5 (MARS-5) questionnaires. m, month; MSW, medical social worker; DNE, diabetes nurse
educator; FU, follow up; IMT, intima-media thickness

Table 1 Measurement details of femoral vascular imaging and
IMT measurement. CFA, common femoral arteries; SFA,
superficial femoral arteries

Assessment
modality

B-mode ultrasonography

Equipment Philips IU22 (L9–3 MHz Linear Transducer) or Epiq 7
(L12–3 MHz Linear Transducer)

Examination
preset

CGH vascular arterial

Patient
position

Supine, leg externally rotated, knee slightly bent

Femoral
artery

CFA Proximal SFA

Site of IMT
measurement

A straight 1-cm segment
1.5–2 cm proximal to the
CFA bifurcation
Far wall

A straight 1-cm segment
1.5-2 cm distal to the CFA
bifurcation
Far wall
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Logistic regression of binary outcomes such as cardiovas-
cular events will be performed to determine the association
between treatment group and potential risk factors and the
outcomes. Relative risk (RR) (with 95% CI) will be calcula-
tec. For continuous outcomes such as change in the
MARS-5 and DDS17, linear regression will be used.
Measure of tolerance for multicollinearity will be assessed.
Coefficient B (with 95% CI) will be reported. The number
of occurrences of hypoglycemia will be analyzed by Poisson
regression. Measure of deviance will be checked and
relative risk (RR) (with 95% CI) will be calculated.
P values < 0.05 will be deemed statistically significant.

Statistical analysis will be performed using SPSS statistical
software, version 19.0 (IBM Corp. Armonk, NY, USA).
This RCT will be analyzed by the principle of intention to
treat (ITT) and the per protocol (PP) approach.

Data monitoring
There is no data safety monitoring board for this study.
the principal investigator (PI) and co-investigators will
perform data and safety monitoring. The PI will regularly
monitor the study to verify the authenticity, accuracy and
completeness of data, that the safety and rights of partici-
pants are protected and that the study is conducted in ac-
cordance with the latest approved protocol, International
Conference on Harmonisation Good Clinical Practice
(ICH-GCP) and all applicable regulatory requirements.

Harms
Clinical observation and laboratory results will be used
to evaluate the wellbeing of the patient on a continual
basis throughout the duration of the study. In the event
that the Investigator considers that the wellbeing of an
individual patient is unacceptably at risk as a result of
participation in the study then the individual patient will
be withdrawn from the trial. In the event that the with-
drawal of an individual also has wider implications for
the wellbeing of other participating patients, then the
study will be suspended and an investigation conducted
to determine whether the trial should be continued as
proposed, in a modified form or terminated.

Collecting, recording and reporting of serious adverse
events (SAEs)
A serious adverse event (SAE) is any untoward medical
occurrence that:

� Results in death.
� Is life-threatening (immediate risk of death)
� Requires inpatient hospitalization or prolongation

of existing hospitalization
� Results in persistent or significant disability/

incapacity
� Results in congenital anomaly/birth defect

� Is a medically important event

All SAEs will be collected, documented, assessed and re-
ported by the PI to SingHealth Centralized Institutional
Review Board (CIRB) according to its guideline in the
prescribed SAE form.
Complaints will be recorded in the case notes, and pos-

sible adverse events will be recorded in a separate section in
the case records form. The PI and co-investigators will de-
termine the severity, causality and expectedness of adverse
events. If the investigator determines that the event may
jeopardize the participant and/or may require intervention
to prevent one of the other adverse event outcomes, the im-
portant medical event will be reported as serious. Causality
will be defined as related/not related, and expectedness will
be based on reported adverse events in the treatment.

Ethics and dissemination
Consent
The investigator will explain the study in full to the pa-
tient according to the approved informed consent form.
The investigator will comply with the ICH-GCP Guide-
lines and to the ethical principles that have their origin
in the Declaration of Helsinki. Informed consent will not
be taken by the primary physicians, but explained by
another study team member who is not the participant’s
primary physician.
Participants will be reassured that they are not obliged

to participate in the research, and that declining to partici-
pate in the study or choosing to withdraw from the study
will not result in prejudicial treatment, resentment or
abandonment by the primary physician. A copy of the
signed informed consent form will be provided to the
patient for his/her retention and reference.

Confidentiality of data and patient records
The medical records of all participants that are collected
for study purposes will only be accessible to investigators.
Participants will be given study numbers and these will
not be identifiable to non-investigators. The study investi-
gations will be performed in individual rooms.

Access to data
The PI and co-investigators will have access to the final
trial dataset.

Discussion
Multifactorial interventions of measuring blood glucose,
blood pressure and LDL-C have been demonstrated to
decrease cardiovascular complications and mortality in
type 2 diabetes mellitus [4, 18]. Nurse-managed diabetes
mellitus outpatient-management protocols [6], self-mon-
itoring of blood glucose and training in medication
adjustment [7] and diabetes self-management education

Tan et al. Trials          (2019) 20:549 Page 8 of 10



programs are effective in increasing patient knowledge,
skills and motivation for disease management with
associated improvements in outcomes [19].
With increasing healthcare costs and incidence of dia-

betes mellitus in Asian countries such as Singapore [2]
and the rising availability and use of the Internet, smart-
phones and social media, facilitating self-monitoring and
remote follow-up using technology in patients at high risk
of developing diabetic complications is likely to be an in-
creasingly attractive and cost-effective care model com-
pared to frequent hospital visits with healthcare provider-
centric treatment. Mobile phones are now omnipresent
with worldwide usage rates nearing 100% (96% globally,
128% in developed countries and 89% in developing coun-
tries). Singapore has a smartphone user rate of 91% [20,
21]. Technology-enabled diabetes self-management solu-
tions have been shown to significantly improve HbA1c,
with the most effective interventions incorporating all the
components of a technology-enabled self-management
feedback loop that connects people with diabetes melli-
tus and their healthcare team using two-way commu-
nication, analysis of patient-generated health data,
tailored education and individualized feedback [8]. On
average, mobile phone-based interventions with clinical
feedback lead to improvements in HbA1c compared to
standard care or other non-mHealth approaches by as
much as 0.8% in patients with T2DM, at least in the
short term (≤ 12 months) [22].
However, not all digital interventions have been suc-

cessful, due to psychosocial determinants such as psy-
chological distress and inadequate social support, which
influence diabetes mellitus self-care [23], resistance or
variable competence and comfort with using technology
for self-care and contact with healthcare providers [24],
possibly secondary to lower literacy levels or advanced
age with poorer vision and dexterity, difficulty for the in-
dividual to synthesize and understand how health data
relate to their health and behavior and need for supervi-
sion, affirmation and sometimes face-to-face interactions
from their healthcare provider for behavioral changes
[25] and gradual loss of interest as the novelty of the
intervention wears off [26]. It is known that certain types
of educational methods and media work better than
others in individuals with low health literacy [27–30]
and that mobile health may not be appealing and effect-
ive in all individuals. As such, our intervention program
incorporates assessment of health literacy and counsel-
ing of patients by medical social workers to decrease dis-
tress, improve support and self-care, and training of
physicians, DNEs and dietitians in motivational inter-
viewing and solution-focused coaching techniques.
Educational materials provided and educational and
communication methods utilized for each patient will
also be customized based on the healthcare team’s

assessment of the patient’s suitability or preference
(face-to-face sessions, use of technology for communica-
tion, written handouts, electronic information articles,
videos, etc.). Knowledge gaps that are identified will
guide the focus of education.
This study will serve as a platform for developing a pa-

tient-centric program, integrating self-care and holistic
input from allied health workers, aiming to optimize
resource allocation to improve patient outcomes while
remaining sustainable in the current climate of heavy
clinical workloads.

Additional file

Additional file 1: SPIRIT 2013 checklist: recommended items to address
in a clinical trial protocol and related documents. (DOC 123 kb)

Abbreviations
ACE-inhibitor: Angiotension converting enzyme inhibitor; ARB: Angiotensin-
receptor blocker; CFA: Common femoral arteries; CIRB: Centralized
Institutional Review Board; DDS17: Diabetes Distress Scale-17; DNE: Diabetes
nurse educator; eGFR: Estimated glomerular filtration rate; GFR: Glomerular
filtration rate; HbA1c: Glycated hemoglobin; ICH-GCP: International
Conference on Harmonisation Good Clinical Practice; IMT: Intima-media
thickness; ITT: Intention to treat; LDL-C: Low density lipoprotein-C; MARS-
5: Medication Adherence Report Scale-5; MSW: Medial social worker;
OR: Odds ratio; PI: Principal Investigator; PP: Per protocol; RCT: Randomized
controlled trial; SAE: Serious adverse event; SBGM: Self blood glucose
monitoring; SD: Standard deviation; SFA: Superficial femoral arteries;
T2DM: Type 2 diabetes mellitus; urine ACR: Urine albumin:creatinine ratio

Acknowledgements
Not applicable.

Protocol amendments
Any important protocol modifications will be reported to the SingHealth
CIRB.

Trial status
Protocol version number, IDEALS/DM/2017. Date of approval 31 July 2017.
Recruitment is scheduled to begin in March 2019 and complete in March
2021.

Authors’ contributions
JK conceived of and led the study. JK, ET, LG, RDM and TYT drafted the
original grant proposal and trial protocol. ET, JK, JWK, AST and TYT wrote the
manuscript. All authors read and approved the final manuscript.

Funding
This study is funded by a NMRC RIE2020 Centre Grant from Singapore.

Availability of data and materials
Findings will be disseminated in peer-reviewed scientific journals and pre-
sented at scientific meetings and conferences.
The datasets generated and/or analyzed during the study will be available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study has been submitted and approved by the SingHealth CIRB for
review and approval. The CIRB’s guidelines will be followed for the conduct
of this study. Informed consent will be obtained from all study participants.

Consent for publication
Not applicable.

Tan et al. Trials          (2019) 20:549 Page 9 of 10

https://doi.org/10.1186/s13063-019-3601-3


Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Endocrinology, Changi General Hospital, Singapore,
Singapore. 2Department of Renal Medicine, Changi General Hospital,
Singapore, Singapore. 3Department of Interventional Radiology, Changi
General Hospital, Singapore, Singapore. 4Clinical Trials and Research Unit,
Changi General Hospital, Singapore, Singapore. 5Health Services Research
Department, Changi General Hospital, Singapore, Singapore. 6Department of
Vascular Surgery, Singapore General Hospital, Singapore, Singapore.

Received: 19 February 2019 Accepted: 19 July 2019

References
1. Phan TP, Alkema L, Tai ES, Tan KHX, Yang Q, Lim W-Y, et al. Forecasting the

burden of type 2 diabetes in Singapore using a demographic
epidemiological model of Singapore. BMJ Open Diabetes Res Care. 2014;
2(1):e000012.

2. Png ME, Yoong J, Phan TP, Wee HL. Current and future economic burden of
diabetes among working-age adults in Asia: conservative estimates for
Singapore from 2010-2050. BMC Public Health. 2016;16:153.

3. Wu AYT, Kong NCT, de Leon FA, Pan CY, Tai TY, Yeung VTF, et al. An
alarmingly high prevalence of diabetic nephropathy in Asian type 2 diabetic
patients: the MicroAlbuminuria Prevalence (MAP) Study. Diabetologia. 2005;
48(1):17–26.

4. Gaede P, Lund-Andersen H, Parving H-H, Pedersen O. Effect of a
multifactorial intervention on mortality in type 2 diabetes. N Engl J Med.
2008;358(6):580–91.

5. Stellefson M, Dipnarine K, Stopka C. The chronic care model and diabetes
management in US primary care settings: a systematic review. Prev Chronic
Dis. 2013;10:E26.

6. Shaw RJ, McDuffie JR, Hendrix CC, Edie A, Lindsey-Davis L, Nagi A, et al.
Effects of nurse-managed protocols in the outpatient management of
adults with chronic conditions: a systematic review and meta-analysis. Ann
Intern Med. 2014;161(2):113–21.

7. Chan JCN, Gagliardino JJ, Baik SH, Chantelot J-M, Ferreira SRG, Hancu N, et
al. Multifaceted determinants for achieving glycemic control: the
International Diabetes Management Practice Study (IDMPS). Diabetes Care.
2009;32(2):227–33.

8. Greenwood DA, Gee PM, Fatkin KJ, Peeples M. A systematic review of
reviews evaluating technology-enabled diabetes self-management
education and support. J Diabetes Sci Technol. 2017;11(5):1015–27.

9. Faruque LI, Wiebe N, Ehteshami-Afshar A, Liu Y, Dianati-Maleki N,
Hemmelgarn BR, et al. Effect of telemedicine on glycated hemoglobin in
diabetes: a systematic review and meta-analysis of randomized trials. CMAJ.
2017;189(9):E341–64.

10. American Diabetes Association. (1) Strategies for improving care. Diabetes
Care. 2015;38(Suppl):S5–7.

11. Reiber GE, Pecoraro RE, Koepsell TD. Risk factors for amputation in
patients with diabetes mellitus. A case-control study. Ann Intern Med.
1992;117(2):97–105.

12. Salonen JT, Korpela H, Salonen R, Nyyssönen K. Precision and reproducibility
of ultrasonographic measurement of progression of common carotid artery
atherosclerosis. Lancet. 1993;341(8853):1158–9.

13. Adraktas DD, Brasic N, Furtado AD, Cheng S-C, Ordovas K, Chun K, et al.
Carotid atherosclerosis does not predict coronary, vertebral, or aortic
atherosclerosis in patients with acute stroke symptoms. Stroke. 2010;41(8):
1604–9.

14. Evert AB, Boucher JL, Cypress M, Dunbar SA, Franz MJ, Mayer-Davis EJ, et al.
Nutrition therapy recommendations for the management of adults with
diabetes. Diabetes Care. 2013;36(11):3821–42.

15. Polonsky WH, Fisher L, Earles J, Dudl RJ, Lees J, Mullan J, et al. Assessing
psychosocial distress in diabetes: development of the diabetes distress
scale. Diabetes Care. 2005;28(3):626–31.

16. Horne R, Weinman J. Self-regulation and self-management in asthma:
exploring the role of illness perceptions and treatment beliefs in
explaining non-adherence to preventer medication. Psychol Health.
2002;17:17–32.

17. Ho H-C, Chen M-F, Hwang J-J, Lee Y-T, Su T-C. Intima-media thickness of
lower-limb arteries associated with fasting and post-challenge plasma
glucose levels. J Atheroscler Thromb. 2009;16(6):748–55.

18. Gæde P, Oellgaard J, Carstensen B, Rossing P, Lund-Andersen H, Parving H-
H, et al. Years of life gained by multifactorial intervention in patients with
type 2 diabetes mellitus and microalbuminuria: 21 years follow-up on the
Steno-2 randomised trial. Diabetologia. 2016;59(11):2298–307.

19. Chatterjee S, Davies MJ, Heller S, Speight J, Snoek FJ, Khunti K. Diabetes
structured self-management education programmes: a narrative review and
current innovations. Lancet Diabetes Endocrinol. 2018;6(2):130–42.

20. Consumer barometer from Google. Available from: https://www.
consumerbarometer.com/en/graph-builder/?question=M1&filter=country:
singapore. Cited 27 Dec 2018.

21. ITU | 2017 Global ICT Development Index. Available from: http://www.itu.
int/net4/ITU-D/idi/2017/index.html#idi2017economycard-tab&SGP.
Cited 27 Dec 2018.

22. Kitsiou S, Paré G, Jaana M, Gerber B. Effectiveness of mHealth interventions
for patients with diabetes: an overview of systematic reviews. PLoS One.
2017;12(3) Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5332111/. Cited 27 Dec 2018.

23. Walker RJ, Gebregziabher M, Martin-Harris B, Egede LE. Quantifying direct
effects of social determinants of health on glycemic control in adults with
type 2 diabetes. Diabetes Technol Ther. 2015;17(2):80–7.

24. Isaković M, Sedlar U, Volk M, Bešter J. Usability pitfalls of diabetes mHealth
apps for the elderly. J Diabetes Res. 2016;2016:1604609.

25. Mamykina L, Smaldone AM, Bakken SR. Adopting the sensemaking perspective
for chronic disease self-management. J Biomed Inform. 2015;56:406–17.

26. 26% of Mobile apps downloaded in 2010 were used just once. Available
from: http://info.localytics.com/blog/first-impressions-26-percent-of-apps-
downloaded-used-just-once. Cited 28 Dec 2018.

27. Calderón JL, Shaheen M, Hays RD, Fleming ES, Norris KC, Baker RS. Improving
Diabetes health literacy by animation. Diabetes Educ. 2014;40(3):361–72.

28. Bailey SC, Brega AG, Crutchfield TM, Elasy T, Herr H, Kaphingst K, et al.
Update on health literacy and diabetes. Diabetes Educ. 2014;40(5):581–604.

29. Meppelink CS, van Weert JCM, Haven CJ, Smit EG. The effectiveness of
health animations in audiences with different health literacy levels: an
experimental study. J Med Internet Res. 2015;17(1):e11.

30. Pignone M, DeWalt DA, Sheridan S, Berkman N, Lohr KN. Interventions to
improve health outcomes for patients with low literacy. A systematic
review. J Gen Intern Med. 2005;20(2):185–92.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tan et al. Trials          (2019) 20:549 Page 10 of 10

https://www.consumerbarometer.com/en/graph-builder/?question=M1&filter=country:singapore
https://www.consumerbarometer.com/en/graph-builder/?question=M1&filter=country:singapore
https://www.consumerbarometer.com/en/graph-builder/?question=M1&filter=country:singapore
http://www.itu.int/net4/ITU-D/idi/2017/index.html#idi2017economycard-tab&SGP
http://www.itu.int/net4/ITU-D/idi/2017/index.html#idi2017economycard-tab&SGP
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5332111/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5332111/
http://info.localytics.com/blog/first-impressions-26-percent-of-apps-downloaded-used-just-once
http://info.localytics.com/blog/first-impressions-26-percent-of-apps-downloaded-used-just-once

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Introduction
	Background

	Methods
	Trial design
	Aims and hypotheses
	Main hypothesis
	Secondary hypotheses and objectives

	Study population
	Eligibility criteria
	Randomization
	Allocation
	Interventions
	Intensive care group visits and counseling
	Standard care group visits and counseling

	Outcomes
	Primary endpoints
	Secondary endpoints
	Other endpoints
	Vascular endpoints

	Participant timeline
	Sample size
	Blinding (masking)
	Data collection methods
	Data management
	Statistical methods
	Data monitoring
	Harms
	Collecting, recording and reporting of serious adverse events (SAEs)

	Ethics and dissemination
	Consent
	Confidentiality of data and patient records
	Access to data

	Discussion
	Additional file
	Abbreviations
	Acknowledgements
	Protocol amendments
	Trial status
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

