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List of Definitions

App market (or app store(s)) refers to a single or multiple digital distribution
platforms for smartphone applications. This definition covers various digital
distribution platforms in this thesis.

Complex intervention was defined by the UK Medical Research Council as
interventions that contain several interacting components but have characteristics that
evaluators should consider.

Diabetes apps refer to smartphone apps that can assist the user in performing
diabetes self-care activities. Many features of diabetes apps are applicable to people
with all types of diabetes. Therefore, this definition largely refers to but is not
confined to apps that can assist people with the self-management of T2D in this thesis.

Internet of things is the extension of internet connectivity to physical devices and
everyday objects, such as the integration of hardware, electronics, and internet
connectivity. This concept was discussed in this thesis.

Mandarin is a form of the Chinese Language. It is used interchangeably with the
Chinese Language in this thesis.

Medication adherence refers to the extent to which a person’s medication-taking
behaviour corresponds to an agreed recommendation from a healthcare provider. A
broader definition of medication adherence depending on the measurement
instrument was used in this thesis. An 80% cut-off value is used as an objective
measure when needed.

mHealth is defined by the World Health Organization as a component of eHealth
(electronic health) where medical or public health practices are supported by mobile
devices such as mobile phones, patient monitoring devices, personal digital assistants
(PDAS), and other wireless devices. Smartphone health apps are part of mHealth.

A systematic app assessment is a method developed for the studies described in this
thesis. It is the adaptation of systematic review methodology for the assessment of
the content and quality of smartphone health apps.

Type 2 diabetes is an adult-onset long-term metabolic disorder characterised by high
blood glucose resulting from insulin resistance, a lack of insulin, or both. It
constitutes 95% of diabetes cases and represents a growing prevalence worldwide.
This thesis focused on Type 2 diabetes.
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Abstract

Type 2 diabetes (T2D) is a growing public health problem for many countries.
Smartphone apps are increasingly used to assist in T2D self-management due to their
convenience, ubiquity, and emerging positive evidence. Currently, the rate of
diabetes apps production far outpaces their adoption. There is a lack of evidence on
the quality, utility, and clinical relevance of health apps and whether these apps meet

the users’ needs.

This dissertation investigated the quality and clinical relevance of apps for diabetes
mellitus (DM) management through three sub-studies: (1) An assessment of the
clinical relevance of DM self-management apps in ten languages of countries with
the highest prevalence of diabetes; (2) a systematic assessment of the medication
management features of apps for people with T2D against its (i) congruence with
international diabetes and medication management guidelines, and (ii) the quality of
health information disseminated; and (3) a pilot assessing the feasibility and impact
of a smartphone app in improving medication adherence in people with T2D in

Singapore.

The global assessment of DM self-management apps showed that apps in English and
Mandarin dominated the app market. Although highly downloaded apps had more
clinically relevant app features, they still lacked important features for DM self-
management, such as information provision, physical activity tracking, diet

modification, medication management, and risk reduction strategies.

Next, the systematic assessment of the medication management features of apps for
people with T2D identified essential gaps in (i) app features for enhancing medication
adherence and safety, such as the ability to enter medication-taking instructions, and
(i1) variable adherence to the transparency and reliability of health information
disseminated via these apps. Finally, the feasibility pilot showed that a smartphone
app intervention for (self-reported) medication non-adherent T2D patients was
acceptable, improved awareness of medication adherence, and reduced self-reported

barriers to medication adherence.

Xiv



Access to high-quality diabetes apps is unequal across populations. Apart from
English and Mandarin DM apps, those in other major languages lacked
comprehensive features for self-management. Of concern is the paucity of medication
management features in T2D apps elicited via the in-depth assessment. The
assessment criteria from this research could be used as a checklist for app
development and selection for usage to raise the standard of future DM apps. A good
app should possess essential evidence-based features, safeguard data privacy and
security, disseminate accurate and high-quality content, and be easy to use.
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1. Introduction

Chapter 1

Introduction

This chapter provides background information pertinent to the thesis and outlines the
structure of the thesis. The chapter is structured using a funnel approach. The
aetiology, epidemiology, and magnitude of the problem of diabetes mellitus (DM)
are first introduced, followed by a description of evidence-based guidelines for Type
2 diabetes (T2D) management. Type 2 diabetes management is narrowed to focus on
medication adherence because it is an important self-care behaviour. mHealth is next
introduced as a potential tool for the management of T2D, followed by a discussion
of the challenges and gaps of mHealth implementation in T2D management. A
summary of the research gaps and the aim and objectives of the thesis are then
presented. This chapter ends with an outline of the structure of the thesis.

1.1 Diabetes Mellitus as a growing global problem

The term “diabetes” has gained prominence over the last two decades in the literature
and among health policy planners, researchers, and the general population. It
represents a growing problem worldwide due to the large increase in the number of
people with diabetes mellitus (DM)®. This global epidemic is a significant public

health problem that challenges the economy and health system of many countries®*.

1.1.1 Aetiology of DM

Diabetes mellitus is a long-term metabolic disorder characterised by high blood
glucose resulting from insulin resistance, lack of insulin or both. The disease can
currently be classified into four categories: Type 1, Type 2, gestational, and other
specific types of diabetes®. New classifications may emerge as research on DM
progresses; a recent study proposed classifying DM into five subgroups according to

disease progression and risk of DM-related complications®.
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Type 2 diabetes (T2D), also known as adult-onset diabetes, represents 90-95% of the
population with DM®. The focus of this thesis will be on T2D due to its large
proportion amongst people with DM. Unlike gestational or Type 1 diabetes (T1D),
T2D can be managed with behavioural and lifestyle modifications to achieve good
glycaemic (or blood glucose) control” 8. Good glycaemic control reduces the risk of
microvascular complications such as retinopathy (leading to blindness), renal failure
(kidney failure) and neuropathy (leading to nerve damage and amputation), and
macrovascular complications such as cardiovascular diseases (leading to stroke and

heart attack)® °.

Approximately a third of T2D cases are undiagnosed as their early stages are
asymptomatic!l. Common symptoms include increased hunger and thirst, dry mouth,
frequent urination and infections, fatigue, blurred vision, headaches, tingling, pain or
numbness in the hands and feet, and slow healing wounds and cuts® 2. Suspected

T2D cases should be tested in a healthcare setting.

Three types of tests can be used to test for the onset of T2D8. The glycated
haemoglobin (HbALc) is an indirect indicator that measures the 3-month non-fasting
average blood glucose of the patient. A HbAlc value above or equal to 6.5% indicates
the presence of DM. The Fasting Plasma Glucose (FPG) test checks the 8-hour fasting
blood glucose levels of the patient. Type 2 diabetes is diagnosed with a reading higher
than or equal to 7 mmol/L or 126 mg/dl. The Oral Glucose Tolerance Test (OGTT)
checks the patient’s blood glucose levels before and 2 hours after ingesting a solution
containing 75 grams of glucose. This test determines the way the body processes
sugar and T2D is diagnosed with a reading higher than or equal to 11mmol/L or
200mg/dl. Two of the above three tests are usually conducted to diagnose a patient
with T2D8,

A patient diagnosed with T2D will need to make substantial lifestyle changes to
maintain blood glucose levels within a healthy range!® 4. Unfortunately, T2D cannot
be cured but can be managed with medications and healthy lifestyle habits. Good
T2D care which delays the onset of complications, can increase patients’ life

expectancy?®.
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1.1.2 Epidemiology of DM

The current prevalence of DM is approximately 9% worldwide?® °. According to the
2017 estimates from the International Diabetes Federation, 425 million adults aged
20 — 75 have DM, and three out of four of these adults are people of working age?.
This number was a 42% increase from 10 years ago and is expected to increase by
50% in the next 25 years if the trend continues?. The prevalence of DM is higher in
males (9.1%) than in females (8.4%), and highest within the 65 — 79 age group? *°.

The prevalence of DM is unevenly distributed across geographical regions.
Approximately 79% of people with DM live in lower-and middle-income countries
(LMICs)?. Countries with large populations also have more people with DM. China
has the highest number of people with DM, followed by India and the United States
of America (USA)2. The global estimates did not break down the number of people
with different types of DM and its associated costs but mentioned that T2D accounted

for approximately 90% of DM cases.

The most significant contributors to the increase in the number of people with T2D
worldwide? are population growth and an ageing population. However, the increase
in T2D prevalence outstrips the rate of ageing, which means that people are getting
diagnosed with T2D at a younger age and living with T2D with extended periods of
time'’-1°. This phenomenon is partly attributed to urbanisation induced sedentary
lifestyles and nutrition-poor diets, which led to an increase in the prevalence of

obesity, a significant cause of T2D*8 202,

1.1.3 Costs and burden of DM

Diabetes mellitus is a costly disease. It is costly not only to individuals but also to
their families, the health system and the economy. A large collaborative study
estimated the 2014 global direct cost of DM to be at Intl$825 billion?, with China,

USA and India as the most significant contributors to this cost'®. Direct cost refers to

2@ Costs were converted to international dollars (Intl) and adjusted to 2011 values.
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the expenses incurred from inpatient and outpatient treatment of the disease, while
indirect cost refers to reduced productivity attributed to ill-health and disability. For
example, the American Diabetes Association (ADA) estimated the cost of diagnosed
DM in the USA to be $327 billion in 2017. Of this amount, $237 billion was attributed
to direct medical costs and $90 billion was associated with indirect costs in the form
of reduced productivity?. In the United Kingdom (UK), T2D care accounted for at
least 5% of healthcare expenditure and up to 10% of the National Health Service
(NHS) expenditure in 2013%,

Healthcare resources are finite. The increased use of inpatient and outpatient services
strains the health system? When more healthcare resources are spent on T2D
treatment, less will be available for other medical conditions®. Many countries
dealing with an ageing population are also grappling with the problem of T2D*-%¢,
Life expectancy increased by 30 years in the 20" century in Western Europe, North
America, Australia, New Zealand and Japan. Longer life expectancy in these high-
income countries increases the prevalence of chronic diseases such as T2D and
hypertension, which in turn places greater pressure on healthcare expenditure®. An
estimate in 2013 measuring the prevalence of T2D in 216 countries showed that 74%
and 41% of people with T2D residing in high- and low-income countries are over
the age of 50%°. Although low-income countries (mainly in the African region) have
a younger profile of people with T2D, these countries face the double burden of
infectious disease and growing prevalence of T2D and may be unprepared to manage
a large number of people with T2D in the next two decades?’. The case of
Singapore—a country grappling with an ageing population and increasing prevalence
of T2D—wiill be elaborated on in Section 2.2.

Living with T2D causes tremendous stress to patients and their family members.
Long term lifestyle changes, such as remembering to take medication or adjusting
personal diets, need to be made to cope with T2D. Complications that arise from
poorly managed T2D lead to a decrease in quality of life (QOL) and loss in work
productivity?® 2°, The decline in or inability to work, coupled with high medical cost

increases the emotional and financial burden to the individual and family. These
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problems are more prominent in LMICs than high income countries, where high out-

of-pocket healthcare costs can result in financial hardship for the family?®.

The economic cost of DM is expected to increase with the increasing prevalence of
T2D worldwide? 3% 3L, It is, therefore, necessary to manage the cost of DM by

preventing or slowing the progression of T2D.

1.2 Management of DM

Diabetes mellitus is a chronic disease that requires long term management. Evidence-
based guidelines are essential in providing clinicians with best practice
recommendations®2. This section describes selected recommended practices of T2D
management with reference to guidelines from the ADA and UK National Institute
for Health and Care Excellence (NICE), as well as the outcomes of large DM
studies®® 3. The management of complications, pregnant or older adults, obesity, and

psychosocial issues will not be discussed in this thesis.

1.2.1 Patient education in T2D management

Patient education is an integral part of DM management, as it helps in improving
understanding, achieving shared decision-making, enhancing treatment adherence
and encouraging self-management®. Diabetes Self-Management Education (DSME)
and support should be ongoing to help people with DM maintain effective self-
management throughout their lifetime, as they face challenges and undergo new
treatments that emerge along the way®¢. DSME has been associated with improved
knowledge on DM, better glycaemic control®’, lower self-reported weight®® and
improved QOL3* %0, A Hong Kong study comparing the presence and absence of
DSME among people with T2D showed that the DSME group had significantly
higher HbAlc reduction (-0.2%) and body weight loss (-1.19kg) within three
months*'. Another retrospective analysis of T2D patients attending an accredited
ADA center in the US found that DSME patients had a 1.5 fold improvement in their
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T2D bundle (retinal eye exam, nephropathy screening, blood pressure <140/90
mmHg, LDL <100 mg/dL, and HbAlc <8.0%) and 2.8 fold decline in HbAlc
compared with those without DSME*®. A meta-analysis also showed a positive effect
size of 0.28 in the QOL of people with T2D who received DSME compared with
people without DSME*,

NICE recommends a structured education for T2D patients and their family members
or carers during annual reviews*2. The ADA also stresses the importance of ongoing
patient self-management education to prevent acute complications and reduce long-
term complications*. Lifelong self-management education is necessary to help

patients to follow-up with advances in treatment and cope with new challenges.

A core component of DSME is patient-centredness. Education should focus on the
preferences, needs, and values of each patient®® %2, It should also integrate with the
rest of the care pathway to ensure consistency. The education content should be
evidence-based, theory-driven and tailored to patients’ needs*’. Resources should
also be dedicated to supporting and training educators to ensure the quality and

relevance of their skills®® 42,

1.2.2 Glycaemic control and self-monitoring of blood glucose

Good glycaemic control is vital in delaying T2D related macro- and microvascular

complications.

Glycaemic targets

Large trials have shown that achieving HbAlc targets of <7.0% (<8.6mmol/L)
reduces microvascular complications of T2D, especially for patients improving from
very poor to fair/good HbA1c control. A reduction of HbAlc to 6.0% (7.0mmol/L)
further reduces microvascular complications despite smaller effects® 4. Glycaemic
targets are individualised to different population groups. The ADA recommends

more stringent HbAlc control for patients who are newly diagnosed, younger,
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without comorbidities or vascular complications, highly motivated to be adherent to

self-care, and have adequate resources and support to manage hyperglycaemia®.

NICE recommends supporting adults with T2D through the management of a
combination of lifestyle, diet, and/or a single type of medication without associations
with hypoglycaemia, to aim for a HbA1c level of 6.5% (7.8mmol/L). Adults on drugs
associated with hypoglycaemia risk should aim for a HbAlc level of 7.0%
(8.6mmol/L). The target for HbAlc can be 7.5% (9.4mmol/L) or higher for HbAlc
levels that cannot be adequately controlled by a single medication, or adjusted on a
case-by-case basis for people who are older, frail or unlikely to achieve longer-term
risk-reduction benefits. Patients should be involved in decisions and encouraged to
maintain their individual HbAlc target if efforts to achieve their target do not cause
adverse effects (e.g. hypoglycaemia) or greatly impair their QOLZ,

Recommended frequency of HbAlc testing

Both ADA and NICE recommend HbA1c testing every quarter (or intervals of 3-6
months, tailored to individual needs) for patients who are changing to or starting a
new T2D therapy. Adults with T2D who have stable glycaemic control are

recommended to have their HbA1c levels tested at least twice annually (6-monthly)?>
45

Self-monitoring of blood glucose (SMBG)

Self-monitoring of blood glucose (SMBG) is an integral part of T2D management as
it allows patients to evaluate their own body’s response to the therapy relative to set
goals/targets. SMBG is essential for patients on insulin®. The importance of SMBG
for patients who are not on insulin is questioned, although evidence has shown that
SMBG can reduce the HbAlc level of these patients by 0.25-0.3% in the short-term

(6 months)*.
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1.2.3 Lifestyle modifications to manage T2D

Lifestyle modification is essential for the majority of people with newly diagnosed
T2D to achieve optimal glycaemic targets. Lifestyle management includes nutritional
therapy, physical activity, smoking cessation counselling and psychosocial care®.
Overweight T2D adults should aim for an initial body weight loss of 5 —10%,
although a lower degree of weight loss may still be beneficial®. These topics are
usually covered during DSME sessions and reviewed annually according to
individual needs. Lifestyle modification interventions were found to significantly
reduce mean values of fasting blood glucose by -11.5 mg/dl (95% CI -22.4 to -0.6),
waist circumference by -2.7 cm (95% CI -4.6 to -0.9), Systolic Blood Pressure by -
6.4 mmHg (95% CI -9.7 to -3.2), Diastolic Blood Pressure by -3.3 mmHg (95% CI -
5.2 to -1.4), and triglycerides by -12.0 mg/dl (95% CI -22.2 to -1.7)%.

1.2.4 Pharmacologic approaches to glycaemic control

Newly diagnosed T2D patients usually require medication to lower their glycaemic
levels while adjusting to lifestyle changes. Metformin is recommended by both the
ADA and NICE as a first-line pharmacologic treatment of T2D?* %’ Advice about
diet, lifestyle and adherence to medications should be reinforced to the patient to aim
for a HbAlc level of 7.0% (8.6mmol/L). Pharmacotherapy should be intensified if
the HbAlc levels are inadequately controlled (HbALc rises to 7.5% (9.4mmol/L)) by
a single type of medication. A combination of two non-insulin blood glucose-
lowering therapies should be offered as the first treatment intensification strategy.
Further treatment intensification strategies will include a combination of three non-
insulin blood glucose-lowering therapies or any treatment combination containing

insulinz 47,

Pharmacotherapy should be tailored to the individual’s needs and clinical
circumstances. The presence of comorbidities, risks from polypharmacy, long-term
benefits of pharmacotherapy on the individual, and the cost of the medication are

considerations for formulating a medication treatment plan. Prescribers should follow
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relevant professional guidance and take full responsibility for treatment decisions

made while patients should provide informed consent which should be documented?3,

1.2.5 Social-environmental support for T2D self-management

Interventions and guidelines on T2D self-management have tended to focus on
individual-centric approaches for self-care. Although individual responsibility is
essential in T2D self-management, there is a need to examine the broader social
context that shapes behaviours, practices and the roles members fulfil in a collective
network®. The social cognitive theory (SCT) supports the consideration of the social
context, where personal factors (personal beliefs and cognition) and environmental
factors (physical and social) interact to influence behaviour, which in turn influences
the thoughts and actions of the individual®® °.

As illustrated by the SCT, the efficacy in self-management occurs in a context that
includes the formal healthcare providers, informal social network and physical
environment of the individual®. For example, a supportive spouse may foster
healthier living by encouraging a healthier diet and regular exercise. Friends may also
encourage an individual to partake in social events that improve the mental well-
being of the individual. Reviews have shown that greater social support was
associated with better T2D self-management in the USA, Europe, South America and
Asia®*, The level of help and support received from the social network can improve
an individual’s psychological well-being, which in turn, motivates efficacy in T2D

self-management.

1.2.6 Technology for T2D management

Technology has become a useful tool for patients and their healthcare providers in
T2D management. Patients can keep in closer contact with their healthcare providers

without additional clinic visits, and healthcare providers can obtain granular, real-
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time patient information instead of relying on patients’ recount every three to six

months®® %6,

Several types of digital tools have been used for T2D management.
Telecommunication technologies were used to educate, monitor and support
healthcare delivery remotely®’. Also known as telehealth, these technologies range
from telephone calls, video consultations, and interactive online quizzes to health
measurement devices that can transmit health data automatically®®°. A systematic
review found that T2D patients receiving home telehealth had better glycaemic
control and a reduced number of hospitalisations and bed days of care compared with

patients receiving usual care®.

Smartphone apps have changed conventional healthcare delivery by enabling the
integration of day-to-day living with T2D management. Apps designed for T2D
management have many features such as goal setting, organisation, reminders, and
monitoring to ease patients’ burden in making lifestyle adjustments for T2D
management®®. The evidence on the effectiveness of smartphone apps for T2D
management is increasing in recent years as more studies (e.g. feasibility studies;
randomised controlled trials) emerge in the literature®? 5 (Refer to section 1.4.1 for

a more thorough discussion on the evidence of mHealth for T2D).

Digital glucose monitoring devices have enabled granular data to be collected for
better monitoring and decision support. For example, devices that support continuous
glucose monitoring (CGM) or flash glucose monitoring (FGM) reduce the
inconvenience for patients by eliminating the need for repeated testing of their blood
glucose levels®%, These devices and insulin pens can also be linked to smartphone
apps for better data management®” %, A meta-analysis showed that the use of CGM,
compared with a control group, resulted in a significant 0.20% (95% confidence
interval [CI] —0.31 to —0.09) reduction in HbAlc. No significant results were
observed from the use of FGM, therefore, the effectiveness of FGM cannot be

established due to a lack of studies®.

10
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The evidence for the use of technology in T2D management will be discussed further

in section 1.4.1.

1.3. Medication adherence in T2D

Medication adherence is an important self-care behaviour for patients with T2D. This
section introduces the concepts of medication adherence, its challenges, and recent

technological advancements to tackle this problem.

1.3.1 Definition of medication adherence

Medication adherence is broadly defined as the extent to which patients take their
medication as prescribed’®. The World Health Organization (WHO) defined
adherence to long term therapies as “the extent to which a person’s behaviour—
taking medication, following a diet, and/or executing lifestyle changes, corresponds
with agreed recommendations from a healthcare provider”’!. Therefore, medication
adherence can be interpreted as “the extent to which a person’s medication-taking
behaviour corresponds to the agreed recommendation from a healthcare provider”
when taking both statements into account.

The terms “adherence” and “compliance” should not be confused with each other,
although they are sometimes used interchangeably in medication adherence studies’*.
“Adherence” requires agreement on the part of the patient while “compliant” implies
that the patient follows the healthcare provider’s recommendations regardless of
whether they agree’*". Another term less commonly seen is “persistence”, defined
as either the mean number of days treatment was discontinued or the proportion of

patients who remained on the treatment for a period of time’2.

Medication adherence can be measured through self-reported questionnaires,
biomarkers, medication gaps, pill counts, pharmacy refill records, and medication

events monitoring system (MEMS). MEMS can monitor patients electronically in

11
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real-time via a chip on the cap of the medication bottle and is currently defined by
the WHO as the gold standard for measuring medication adherence’® 7. Liquid
chromatography using routine urine samples was recently found to be a more
objective measure of medication adherence in T2D patients, but the efficacy of this
diagnostic tool remains unknown in larger populations’®. Each method of
measurement comes with its advantages and disadvantages and leads to different
medication adherence estimations™. A summary of the instruments for measuring
medication adherence, their advantages, disadvantages and suitability for different

types of research is shown in Table 1.1 below.

An 80% cut-off value is generally used with an objective measure to determine
medication non-adherence’® 7"-’°. Medication non-adherence includes failing to fill
or refill a prescription, premature discontinuation of therapy, taking less than required
and taking the dose at the wrong time®. Non-adherence can also include overdosing
as it increases the risk of adverse events and mortality’®. It is therefore acceptable to
define medication adherence as having taken between 80 — 120% of the

recommended dose’® 81,

Medication “adherence” instead of “compliance” is used in this thesis, as the
pharmacological treatment for T2D is often an agreement between the patient and the
doctor. | adopted a broader definition of medication adherence depending on the
measurement instrument and used an 80% cut-off when an objective measure was

required for a feasibility trial study (elaborated on in Chapters 6 and 7).

12



Table 1.1 Summary of instruments to measure medication adherence

1. Introduction

observation

medication-taking behaviour

non-adherence

e Expensive and manpower-
intensive

¢ Interactions with food/other drugs

Instrument Description Advantages Disadvantages Type of research
Biological Measurement of drug or its e Provides physical e Whitecoat adherence e Single-dose treatment
measures metabolic concentration from evidence Unsuitable for multi-drug regimes | ¢  Intermittent

body fluids such as blood, urine or | ® Considered “Accurate” | e Intrusive, pressure and anxiety administration

a biomarker. for patients e Laboratory research on

e Problems with drug metabolism drugs
and quantification

Direct Directly observing patients’ e Does not reveal the cause of e Hospitalised patients

Secondary
database

Patterns derived from electronic
prescription services or pharmacy
insurance claims. Analyses
include:

1. Medication possession ratio
2. Dichotomous variable

3. Continuous, multiple/single
interval measures of medication
acquisition

4. Continuous, multiple/single
interval measures of medication

gaps

e Allows analysis of a
large population

e Data can be verified by
insurance or
prescription managers

e Assumes medication was taken
as prescribed
e Arbitrary measure (Not as

“Accurate”)

e Requires consistency across
providers

e Able to assess multi-drug
adherence

e Health services research
e Analysis of a large
population

13
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Medication
events
monitoring
system
(MEMS)

A “chip” or microprocessor on the
container measures the time and
date when the container is
opened, assuming that the patient
takes the medication

Considered as a “gold
standard” by WHO
Helps to identify
medicines-taking
behaviour

Less tendency to
“cheat” as pillbox
needs to be opened
Can be used to
validate other
medication adherence
methods

Very expensive

No assurance that medication is
taken

Bulkiness of container

Anxiety that the patient is under
surveillance

Need to ensure correct usage of
the MEMS

Danger of equipment loss
Patients can transfer medication

Health services research
Medication adherence in
outpatient settings

Small studies

Clinical trials

Pill count

Count remaining pills brought by
patients or to turn up at patients’
house unexpectedly to count pills

Low-cost

Simple

Can be used for
multiple variables
More accurate than
subjective methods

Underestimation due to surplus
medication

Discrepancy when comparing
with other methods of adherence
(equation)

Does not guarantee correct
dosing regime

Unable to inform adherence
patterns and identify causes
Intrusive for unexpected pill
count method

Health services research
Medication adherence in
outpatient settings

For PRN medications

Self-reported
guestionnaire
s

Patients are asked to answer
(semi-)structured questions
regarding their recent/past
medication-taking behaviour

Able to conduct online
Simple and low-cost
Availability of validated
tools

Poor sensitivity and specificity
(false data input)

Patients’ psychological state
affects accuracy

Recall bias

Health services research
Medication adherence in
outpatient settings

For a wide range of
medication

14
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Morisky Medication adherence
scale (MMAS-8) - This was
developed to incorporate an
assessment of medication-taking
behaviours. The first seven items
are Yes/No responses while the
last item is a 5-point Likert
response.

High sensitivity (93%)
and moderate
specificity (53%)
Reliable and validated
in a broad range of
chronic diseases
Validated in Singapore
population (Warfarin)

Patients’ psychological state
affects accuracy

Recall bias

Expensive due to copyright
issues

Research

Screening tool for
validated conditions in a
clinical setting

Brief medication questionnaire
— consists of a 5-item Regime
screen, a 2-item Belief screen,
and a 2-item Recall screen.

Able to evaluate multi-
drug regimen

Able to assess
behaviour and beliefs

May be time-consuming as
patients’ prescribed regime
should be assessed first
More complicated to assess

compared to other instruments

Suggested for diabetes
and depression
management

Hill-Bone Compliance scale - 3
subscales, medication-taking
behaviour, ability to keep an
appointment, and sodium intake,
rated on a four-point Likert-type
scale

Culturally sensitive and
high internal
consistency

e Limited generalizability

Specific to black
populations with anti-
hypertensive drugs

Medication Adherence

Questionnaire (MAQ) — also
known as the 4-item Morisky
Medication Adherence Scale

Quick to administer
and score

Able to identify barriers
to adherence
Validated in a broad
range of diseases
High sensitivity (81%)

Poorer psychometric properties
compared to MMAS-8

Widely used in research

15
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Medication adherence Report
scale (MARS) - Itis a
combination of the Drug Attitude
Inventory survey and MAQ. 10
guestions with a simple scoring to
evaluate patient’'s adherence
behaviour, attitude towards
medication, and general disease
control during the past week

Assesses both beliefs
and barriers to
medication adherence
Higher validity and
reliability (than DAI or
MAQ)

e Unclear internal validity

For psychoactive
medicines.

First designed for
schizophrenic patients

Clinician
assessment

Metrics used by the clinicians to
assess patients’ medication
adherence. They include:

1. Clinician Rating Scale
(CRS) - An ordinal scale of 1—
7 to quantify the clinician’s
assessment of the level of
adherence shown by the
patient

2. Brief adherence rating
scale (BARS) — three
questions about the patient’s
knowledge of their own
medication regimen and
episodes of missed
medication. A visual analogue
scale rating by the clinician is
the key measure of
adherence provided by the
BARS

Easy and low-cost to
administer
Time-saving

BARS have good
sensitivity (73%) and
specificity (74%)

e Subjected to only the clinician’s
impression

e CRS may not be sensitive to
actual compliance

e BARS has not been examined in
a non-psychotic psychiatric
condition

CRS measures
outcomes of patients
receiving compliance
therapy

BARS — currently only
valid for psychiatric
conditions
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3. Medicines assessment
compliance tool — Yes/No
questions to judge how well a
patient is able to follow their
medication regimen correctly

Patient kept

Patient records their day-to-day

First-hand account

Common to over-report

Routine clinical practice

or probed on their knowledge on
their prescribed medication
regimen before health care
professionals make an estimate.

Alternatively, a motivational
interview can be combined with
other measures

reasons for medication
non-adherence

Recall bias

Social desirability problem
Tedious, can only interview small
numbers

diaries medication-taking regime Low-cost and simple False entries/Patient does not Cognitively sound
return the diary patients
Can be unreliable Encourage consistent
behaviour with
incentives
Patient Patients are asked to estimate Convenient to conduct Patients’ psychological state Routine clinical practice
interviews their medication-taking behaviour Able to discover affects accuracy Behavioural change can

be used for research
Interviewer needs to be
trained

Triangulation

Using multiple methods to
increase the validity of the
measure

For research on
medication adherence

Table 1.1 shows a summary of available instruments for measuring medication adherence. The advantages, disadvantages and suitability of the instrument for

different types of research are also listed in the table82-85,
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1.3.2 Importance of medication adherence

Proper medication management (including medication safety) includes taking the
correct dose of medication(s) within an appropriate interval, or as directed by a
healthcare professional®. Knowledge of patients’ medication adherence is also
necessary for clinicians, as unsatisfactory treatment outcomes caused by medication
non-adherence may mislead clinicians to increase the medication dosage, which is
undesirable for the patient’®. Studies have shown the importance of adhering to one’s

medication for the treatment of a temporary condition and long-term well-being®'-5°.

Poor medication adherence can lead to inadequate blood glucose control in people
with T2D, which leads to higher medical costs, higher use of healthcare resources
and increased mortality®®2, For example, T2D patients with poor medication
adherence have a higher risk of developing both acute and chronic-related
complications (due to inferior glycaemic control)®® compared with fully adherent
patients in the long term®. Complications resulting from T2D not only decreases the
QOL of the patient in terms of decreased work productivity but also leads to a higher
cost to society and the health system with increased hospitalisation and emergency
department visits®2. The 2012 US National Health and Wellness Survey found a
significant 0.21% increase in HbAlc for every one-point decrease in medication
adherence to basal insulin in the Morisky Medication adherence scale. Each point of
non-adherence also led to a 4.6%, 20.4%, and 20.9% increase in the number of

physician visits, emergency room visits, and hospitalisations®.

Non-adherence to anti-diabetic agents was associated with markedly higher mortality
in people with T2D. A large retrospective UK study (n =15,984) on people with T2D
found that medication non-adherence and missed clinical appointments were each
independently associated with a significant (P<0.001) 1.6 fold increase in all-cause
mortality®®. Another US retrospective cohort study (n =11532) on people with DM
similarly found a significant (P<0.001) increase in the odds of all-cause
hospitalisation (odds ratio: 1.6) and all-cause mortality (odds ratio: 1.8) among

medication non-adherent patients®?.
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Improving medication adherence can provide overall cost savings if the cost of
intervention does not exceed the cost of medication non-adherence® %, It is therefore
essential to understand the factors for non-adherence and continuously explore
innovative solutions to improve medication adherence, especially for long-term

conditions’®.

1.3.3 Medication adherence in T2D

A third to half of the medications prescribed for chronic diseases were not taken as
required’. Medication adherence rates are usually higher for short-term (acute)
treatments compared with long-term (chronic) treatments®®. Patients with
asymptomatic chronic conditions are also less likely to adhere to their medications if

the gravity of the condition is not recognised.

Many people with T2D are not fully adherent to their medications. A systematic
review found the overall adherence rate among T2D patients to be 36-93%
(retrospective studies) and 67-85% (prospective studies) for oral hypoglycaemic
agents (OHA), and 63-80% for insulin use’®. The variation in medication adherence
rates can be attributed to differences in study design and methods for measuring
medication adherence. Although the systematic review was conducted more than a
decade ago, medication adherence rates among T2D patients did not improve over

the years’.

1.3.4 Factors and challenges to medication adherence

Poor adherence to medication is a multi-dimensional problem, including factors
ranging from demographic, socioeconomic, therapy, condition, healthcare provider
to health system-related factors’®. Medication non-adherence is complex and
dynamic as adherence status may change according to patients’ circumstances over
time. For example, reviews have found that older patients have better adherence to

medication®™ %, but a systematic review on oral anti-cancer medications found much
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older (>85 years) and younger patients (<45 years) to be less adherent to their
medication regimen®. Long treatment duration decreases adherence, but patients
who have chronic illnesses for a long time have better adherence when they come to

accept their illness®!.

Medication non-adherence can also be classified as intentional or unintentional.
Unintentional non-adherence is a “passive process whereby patients fail to adhere to
prescribed instructions through forgetfulness, carelessness, or circumstances out of
their control”®. In these instances, patients may not be able to obtain a pharmacy
refill due to disability or a lack of time, confused about their medication regimen, or
are cognitively impaired®® 1%, At some point in time, most patients would have
unintentionally forgotten to take their medications or misunderstood medication-
taking instructions. These factors could be addressed with simpler care regimens and
more effective patient-provider communication. Studies have shown better
medication adherence in T2D patients who have less frequent dosing requirements,
simpler care regimens and better provider-patient communication®® 10 102 A
systematic review found that reducing the frequency of oral medication from
multiple-dosing to once-daily dosing led to a threefold increase in increase in

medication adherencel®,

Intentional non-adherence is a complex problem as it is an “active decision on the
part of patients to forego the prescribed therapy”®®. Studies have shown that factors
governing the decision are usually behavioural, such as having a negative attitude to
medicine taking, fearing side effects, dissatisfaction with their healthcare provider,
high out-of-pocket payment, lack of motivation, and negative beliefs on the efficacy
of the treatment®® 104105 These factors suggest that intentional behavioural change is
required to tackle medication non-adherence. Patient engagement in self-care and
patient-centred care are also important considerations in reducing medication error
and fostering better medication adherencel®® 17, Aikens et al. found that DM-specific
patient-provider communication (PPC) significantly (all P<0.05) improved all
measured self-care behaviours (i.e. eating, exercise, medication-taking, glucose

testing) while general communication only improved eating behaviour in people with
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T2D. The study conducted a phone interview with an ethnically diverse sample of
752 people with T2D about their self-care activities and T2D-specific PPC1%,

As discussed in section 1.2.5, the social environment exerts a considerable amount of
influence on T2D self-management behaviour. The influence of the social
environment also applies to medication adherence*® 52 109 110 For example, a
supportive spouse can provide verbal encouragement and help to facilitate medication
adherence. Similarly, unsupportive family members and friends may discourage
medication adherence by discarding the patient’s medications or by offering

conflicting advice due to misconceptions.

Studies have shown that greater social support can improve medication adherence in
people with T2D. A Chinese study on adults with T2D found that social support
(measured by a validated, 14-item scale) was significantly (p=0.003) higher in the
high medication adherence group compared with the low adherence group®. Another
Mexican study also found that social support was associated with adherence to diet
(p=0.007) and medication (p=0.002) in people with non-insulin dependent DM,
These and studies on other chronic illnesses* 1! suggest that the wider context of
self-management such as the social environment should be considered in the

promotion of medication adherence.

1.3.5 Technology to enhance medication adherence

A Cochrane review by Haynes et al. (2008) concluded that long term complex
interventions are not very effective and suggested innovative solutions to aid patients
in medication adherence. In an update of the review, the authors suggested
opportunities for mobile text messaging to improve medication adherence’’.
Unintentional non-adherence such as forgetfulness can be tackled by reminding
patients to take their medication, while intentional non-adherence requiring
behavioural change can be tackled with knowledge transfer and effective

communication.
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The advent of smartphone disruption has changed the way people manage their
medications. Smartphone apps are increasingly seen as a novel and convenient
method to improve medication adherence. For example, users can schedule multiple
medications within the app, be reminded to take their medications, track medication

intake and assess medication adherence® 112,

Despite the potential for technology to enhance medication adherence, technology
adoption for tracking medication management is slower compared with other health-
related metrics. According to the national digital health consumer surveys conducted
by Rock Health, a company that supports digital health start-ups, only 11% of the
respondents tracking health goals tracked their medications''3. Medication adherence
is also least likely to be tracked in an app (10%) amongst other trackable health-
related metrics!**. The evidence for the effectiveness of technology in the
enhancement of medication adherence is continuously evolving and will be further

discussed in section 1.4.2.

1.4 mHealth in chronic disease management

Technology has transformed the way people communicate and manage health. The
term “mHealth”, as defined by the WHO Global Observatory for eHealth, is a
component of eHealth (electronic health) where medical or public health practices
are supported by mobile devices such as mobile phones, patient monitoring devices,
personal digital assistants (PDAs), and other wireless devices!'®. Components of
mHealth are linked to mobile phone utilities, such as voice or short messaging
services (SMS), Bluetooth technology, Global Positioning System (GPS) and mobile
applications (apps). A search conducted on PubMed using the keyword “mHealth” in
May 2019 returned over 32,000 results, a threefold increase compared to a decade
ago. The growing literature on mHealth signifies interest and development in this
area. Governments worldwide are also increasingly undertaking mHealth initiatives

as a complementary strategy to strengthen health systems*®,
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mHealth technologies emerged in the mid-1990s when mobile technologies became
more prevalent. Initial mHealth technologies were developed to reduce
administrative work and improve communication between patients and their
healthcare providers. For example, SMS reminders are now widely incorporated in

the appointment reminder systems of many healthcare institutions worldwide*e.

Smartphone apps first appeared in the Apple store in 2008. Since then, the number of
apps has proliferated, and the use of apps has infiltrated the daily living of people.
The global number of health apps has almost doubled from 165,000 in 2015 to
318,000 in 2017, according to estimates from the IQVIA Institute for Human Data
Science (formerly Quintiles IMS Holdings)®? 7. Medical or health apps are designed
for a multitude of purposes such as data collection, health and disease education,
disease and lifestyle management, surveillance, monitoring, and health promotion to
support and manage one’s health. This section explores the current mHealth evidence
for T2D and medication adherence and identifies the unrealised potential of mHealth

in T2D management.

1.4.1 mHealth evidence for T2D

Diabetes apps® are highly downloaded with the high global prevalence of DM and
the large number of DM apps in the market'®, mHealth initiatives that focus on
improving DM care and outcomes have also increased in recent years. Studies have
demonstrated the clinical effectiveness of smartphone apps in HbAlc reductions
through patient education, telemonitoring and interventions eliciting behavioural
change® 119121 Hou et al.’s (2016) meta-analysis found that the use of an app for
T2D self-management resulted in a statistically significant (p<0.01) mean HbAlc
reduction of 0.5%. The review found that younger patients and feedback from
healthcare professionals contributed to the most significant improvement in HbAlc

reduction®®. Another meta-analysis by Bonoto et al. (2017) also found that apps can

®Many features of diabetes apps are applicable to people with all types of diabetes. Therefore,
when referring to apps, the use of the term “DM apps” broadly refers to but is not confined to apps
that can assist people with the self-management of T2D.
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significantly (p<0.05) reduce mean HbAlc by 0.44% and strengthen the perception
of self-care in people with T2D by enhancing health knowledge??. According to a
report by the IQVIA, strong clinical evidence of app efficacy exists for DM care
which may be considered for incorporation into standard care recommendations in

the future®?.

Despite positive evidence on the clinical effectiveness of smartphone apps for DM,
these apps are still not as widely used by people with DM*2 compared with apps for
commercial purposes (e.g. apps for banking)'?*. Apps for chronic diseases have not
reached the tipping point to disrupt the way healthcare is managed*'8. According to
an industry report published in 2017, less than 10% of health apps in the market have
more than 50,000 users that use the app more than once a month!®, In addition, a
study assessing the use of a diet and activity tracker app in T2D participants found
highly inconsistent or intermittent app usage (78.6%) over an 8-week trial. Consistent
users have higher baseline motivation scores and may be more motivated to manage

their condition!?®,

Smartphone app developers are increasingly incorporating behavioural change
techniques (BCTs) such as self-monitoring, goal-setting, action and feedback, and
social support to encourage sustained improvements in chronic disease
management?6: 127 Gamification, which refers to the use of game playing element to
encourage the use of certain services, has also gained attention in recent years as a
mHealth strategy to effect behavioural change?® 2, Studies have suggested better
engagement and app user retention with the incorporation of gamification
components?® 130 A pilot study reported an increased frequency of blood glucose
measurement with the use of gamification incentives by encouraging adolescents

with T1D to use an app linked to a blood glucose monitoring device!®!.

There is stronger evidence for SMS-based compared with app-based T2D
interventions in LMICs due to the relatively higher cost of smartphones!®2-134,
Examples of SMS-based interventions include T2D self-management education,
encouragement, and raising awareness of T2D through the provision of bite-sized

information on top of usual care. A systematic review by Dobson et al. (2012)
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concluded that SMS-based interventions have led to short-term HbAlc reductions,
although the long-term effect remains unclear'*®. SMS-based interventions for people
with T2D were associated with lower mean HbA1c values in the intervention group
compared with the control group in studies conducted in Senegal (Mean difference:
0.6%, p=0.0038)**? and Bangladesh (Mean difference: 0.66%, P<0.001)%,
However, another randomised trial assessing the effects of SMS text messages
(DSME vs DSME+SMS) for DM self-management in three LMICs (Democratic
Republic of Congo, Cambodia, Philippines) found that receiving text messages on
top of routine care did not significantly improve the proportion of people achieving
good glycaemic control (HbALc <7%)'3*. The mixed results imply that the success
of SMS-based interventions depends on the quality of the routine programme, the
coverage, and the stage of the disease.

While the evidence on apps for T2D management is inadequate (especially in
LMICs), the magnitude and capabilities of such apps are expected to increase to
address unmet needs in the future. | foresee the incorporation of context-specific
guidance for digital interventions into DM clinical guidelines when the evidence
matures. Since 2019, the ADA has dedicated a section on “diabetes technology” in
its “Standards of Medical Care in Diabetes” guidelines given increasing evidence on
technologies for DM management. Although the guidelines focused mainly on
insulin delivery and glucose monitoring, there are plans to expand the guidance on
medical software, privacy, costs and any other use of technology on modern DM

carel®,

1.4.2 mHealth evidence for medication adherence

The majority of published mHealth studies on medication adherence focused on
medication reminders. SMS reminder studies have been available since the early
2000s™’, while publications on smartphone apps were only available after 20103 138,
Therefore, stronger evidence exists for SMS reminders compared with app reminders,

as evidence generation requires substantial lead time.
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SMS reminder studies have shown better medication adherence in chronic medication
conditions such as DM, asthma and HIV patientst® 190 A meta-analysis showed that
mobile text messaging reminders increased the odds of medication adherence in
chronic diseases by approximately two times!*.. Interventions with higher success
rates were simpler, less intrusive and tailored to users' needs. For example, HIV
patients that received weekly messages had higher medication adherence rates
compared with patients that received daily messages!?. A study which linked SMS
reminders to MEMS attached on a pillbox cap also showed improved medication
adherence (Intervention: 81% vs Control: 70%, p=0.007) in T2D patients within a 4-
hour window. The SMS reminders were only sent to the patients if they forgot to take
their medication within a predefined period, thus making the reminders less
intrusive'*3, SMS medication reminders were also well received by participants, as
participant satisfaction levels were above 80% in the studies measuring

satisfaction®®®,

The outcomes from the SMS reminder studies showed the importance of tailored
interventions, two-way communication (patient receiving the reminder and replying
to confirm whether the he/she has taken medication), appropriate reminder intervals
and innovative solutions to assist patients in managing their medications’® 144 145 A
meta-analysis found that two-way text messaging was significantly better (1.23 vs
1.04 relative risk estimate, p=0.007) at improving medication adherence compared
with one-way text messaging®*®. A large four-arm trial (mailed pill strips with
toggles, digital timer cap, a standard pillbox, and no intervention) found that low-cost
reminder devices did not improve medication adherence in patients with chronic
diseases!*’. The findings above suggests the need for innovation and a combination

of measures that go beyond mere reminders.

Compared with SMS reminders, apps have more sophisticated medication
management features such as the ability to schedule medication, track medicines
intake, provide information on medicines, and assess for medication adherence.
There were approximately 800 apps for medication self-management in the app

market in 2015, half of which were accessible and free to download'*. Despite a
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large number of apps available, the majority of these apps lacked desirable features
determined to be useful for medication adherence and were deemed to be of low
quality'*°. For example, a review on medication adherence smartphone apps by Santo
et al. found the median number of apps to have three out of 17 features that were
deemed to be desirable for a medication adherence app. These desirable features
include flexible scheduling, medication tracking history, snooze option, visual aids,

and many others*°,

Medication adherence apps were also lacking in BCTs™ *1, A study found that a
total of only 12 out of 96 BCTs were present across 166 medication adherence apps,

and the apps contained a mere average of 2.77 BCTs™.

There is limited but increasing evidence on the efficacy of medication adherence
smartphone apps for long-term conditions®2. A Spanish study tested a pillbox app
with elderly patients taking multiple medications and found reduced medication
errors, fewer missed doses and high user satisfaction’®. Another two-arm
randomised trial which assessed the effect of a medication reminder app on
hypertensive patients found a small improvement in self-reported medication
adherence but no improvement in systolic blood pressure!®*. To successfully assess
the effects of electronic interventions on medication adherence, the selection of an
appropriate study population is essential. Studies should focus on participants who
are non-adherent and willing to improve their level of medication adherence. For
example, measuring patients who are already adherent to their medications at baseline
is unlikely to lead to observation with significant outcomes due to ceiling effects®.
Patients who are non-adherent due to medication cost issues should also be assisted
in another way rather than through an app intervention.

1.4.3 Unrealised potential of mHealth in chronic disease management

The banking, e-commerce and education industries have long adopted smartphone
technology to manage services in many parts of the world. There is currently a large

number of health apps that support chronic disease management, such as DM, mental
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health and problems of the circulatory system®. However, app use for T2D self-
management is still not part of any routine clinical care process nor widely used to
manage chronic diseases. Despite estimations that 7.8% (24 million) of people with
DM who own a smartphone will use an app to manage their condition by 2018,

this target has yet to be achieved in 2019.

Several factors influence the adoption of health apps. One factor is the healthcare
providers’ advocacy in the adoption of mHealth for chronic disease management. In
a survey (n = 494) on patients’ expectations regarding information seeking on the
internet, 62% of respondents would like their physicians to recommend specific web
sites to learn more about their health care!®’. Another survey assessing the readiness
of people with T2D to use the internet and mobile services found that half of the
respondents had asked a physician to recommend a specific health-related website!®®,
Although these examples are on health information websites, the findings suggest
that physicians’ recommendations are likely to be well received by patients. In terms
of a health app, healthcare providers can encourage their patients to input daily health
metrics into the app for review and/or address patients’ queries via an in-app
communication feature. Stronger evidence on the effectiveness of health apps for
chronic disease management will also increase providers’ confidence in
recommending apps to complement health care, which will in turn increase patients’

exposure to this alternative for health management®®°,

Another factor that influences the adoption of health apps is the management of
patients’ expectations. Patients’ perceptions on app use are essential in driving and
sustaining health app usage, as tailored interventions have been shown to elicit more
effective health behaviour changes!?” 1%, Popular apps may have features that are
aligned to users’ needs but may not reflect users’ preferences'®®. Studies have also
emphasised the need to improve the user experience of apps for better user
satisfaction'®> 163 App use should be incorporated into patients’ care routine to
encourage sustained usage. Patients’ requirements and behaviours towards app usage
should also be understood at a deeper level before app development to reap the full

potential of health apps.
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Apps are currently underutilised in chronic disease management due to existing gaps
in mHealth evidence and practice. First, existing studies on medical app usage were
mostly of low quality with small samples, and are relatively recent to make evidence-
based recommendations'®*. For example, an article recommended apps for DM
management without a systematic search and evaluation process to support the
recommendations®’. Studies were also too heterogeneous in study design and
outcome measurements for any pooled estimates to inform the overall effectiveness
of apps in chronic disease management!*® 1% In addition, the lack of long-term
studies throws the sustainability of outcomes beyond the intervention period into

question121, 137,139

Second, patients and health care professionals are often not involved in the design of
digital health solutions. Many app developers, including top app players, initially
developed an app based on personal, relatives or friends’ needs in disease
management®®, Therefore, apps are often not tailored to the general public’s needs.
In an interview conducted by Lithgow et al. on 12 participants with T1D, 10
participants indicated that they have never encountered an app which had all the
features they had used for T1D management'®’. The involvement of health care
providers in app development is also generally low. A study found that only 13.6%
of apps for medication adherence involved a health care provider in app development,
and only 1% of the apps were evidence-based*8.

There are currently over 1000 DM-related apps (either targeting people with DM or
healthcare professionals who treat DM) available for download in the app market!®’.
As discussed by Velsen et al., the exponential increase in the number of apps led to
the problem of app overload, where physicians and patients both had difficulty
finding the right apps for themselves. The fragmentation of information scattered
over too many apps also leads to app fatigue. If the added value of a single app is too

low, people may choose not to download the app®,

Third, many apps lack features that are important for T2D management. A 2018 study
reported improvements in popular and free DM apps, but these apps were still lacking

in triglycerides, lipids, moods, goal setting and Body Mass Index (BMI) features*6°,
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Another 2017 study which reviewed iOS DM management apps found that only 50%
of the highest-rated apps had medication adherence features'’®. In addition, no
medication reminder studies provided long-term data (over several years) which is
critical for incorporating these strategies into routine health care delivery®®.
Therefore, more work is required to assess the clinical significance of appst’* in order

for apps to better fit their purpose.

Fourth, concerns over privacy and security of data management and sharing resulted
in underutilisation of mHealth. These concerns were not unfounded due to reported
lapses in data protection. A cyber-attack on the electronic health system of
Singapore’s largest healthcare group in 2018 compromised the personal data of 1.5
million people and revealed weaknesses that safeguarded patients’ confidential
informationt’2, Data protection in apps is also immature, as an investigation of the
data security of the NHS Health Apps Library revealed the non-compliance of
clinically-accredited apps with principles of data protection*”®. Although important,
concerns over data confidentiality, safety, app features and the degree of lifestyle
modifications to incorporate app use in disease management were rarely discussed in

studiest’.

Fifth, quality assurance mechanisms in mHealth are at present underdeveloped. Many
apps are not regulated nor accredited by regulators. The lack of regulation not only
poses potential health risks to users but also deters providers from recommending the
use of health apps to their patients!’>1®. Apps with accreditation from health
associations such as ADA were more likely to be downloaded!8, but the U.S. Food
and Drug Administration (FDA) regulates only a small subset of apps that pose a
higher risk to consumers and meet the regulatory definition of “device™!"® 18181 Even
so, disease management apps that are not available in the U.S. app market fall out of
the FDA’s purview. Very often, app developers providing health information through
apps do not disclose their qualifications or disclaim that the information provided
does not replace the advice of health providers. The lack of transparency in an app’s

source of content may cast doubt on the reliability of the information it
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disseminates®® 182183 ‘and can potentially mislead or bring harm to patients with

lower health literacy®*,

Sixth, features that promote data sharing and interaction with healthcare providers
are often not available in disease self-management apps. Many disease management
apps act as standalone apps (i.e. not linked with the electronic health system) due to
the complexities involved in protecting the privacy and security of health data. For
example, a study reviewing the medication management aspect of DM i0S apps
found no apps that could sync with prescribers’ directly*’®. Healthcare providers are
more likely to utilise in-app consultations if they are reimbursed for their time. It
would be ideal for healthcare organisations to develop their app to ensure data
security. However, an average app costs US$425,000 to develop®®®, and this amount
can only be justified if there is a sufficient user base which eventually leads to positive
health outcomes. In addition to the cost of developing an app, health systems will
also have to finance the cost of promoting and maintaining the app or cost associated

with turning it into a viable business model.

Seventh, the shortage in mHealth evaluations and guidance may be attributed to the
gap between the pace of evidence and knowledge generation, and translation into
actual practice. As the field of mHealth develops rapidly, the evidence base
established may be outdated by the time it is incorporated into practice. Therefore,
alternative evaluation methods other than randomised controlled trials (RCTs) should

be explored to address the gaps in mHealth translation to practice®.

Lastly, careful planning and piloting are required before any large-scale adoption of
health apps. Hasty implementations without a strong foundation will subject the
intervention to failure. For example, the NHS National Programme for IT—an
initiative to fully digitise the NHS, failed due to the haste of implementation, lack of
planning and lack of buy-in from healthcare providers!®. Another company—
Happtique—attempted to provide an app certification programme to fill the gap left
by the FDA. The Happtique Health App Certification Program was launched in 2013
to rigorously assess apps based on their interoperability, privacy, security, and

content standards. By charging mHealth developers a fee, the company hoped to build
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a library of certified apps which they could sell to healthcare institutions to prescribe
to patients. However, the take-up rate was lower than expected, and consumer data
were exposed after a few of its certified apps got hacked within two weeks of the
mHealth library launch®’. The library had to be closed soon after. These examples
showed the importance of careful assessments before large-scale project

implementations to prevent costly failures and loss of consumer confidence in health

apps.

1.4.4 Theories in mHealth

Theoretical frameworks are essential in guiding the development and evaluation of
health interventions. A theoretical framework links theories and concepts to the
broader areas of knowledge that is being considered®. Theories are important in
influencing the way evidence is collected, analysed, understood and used*®®. Many
scholarly works have combined behavioural change theories and technology
acceptance models in an attempt to understand and explain mHealth adoption for

chronic disease management!9-193,

The Health Belief Model (HBM), Theory of Planned Behaviour (TPB)** and Social
Cognitive Theory (SCT)*® are commonly used theories to predict and explain

behavioural change in health interventions.

Health Belief Model (HBM)

The HBM predicts and explains a person’s willingness to take action based on
perceived vulnerability and severity to his/her illness, and the benefits and barriers to
taking action!®. This model has been widely used to predict and explain treatment
compliance to T2D regime in relation to patients' beliefs (severity, treatment benefits
etc.) regarding their disease®®1%°, Predicting non-compliance in disease management
allows for the design and enhancement of interventions which could help patients to

comply better to their treatment regime.
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Theory of Planned Behaviour (TPB)

The TPB states that the attitude (favourable or unfavourable outcomes of performing

the behaviour), subjective norm (whether people approve or disapprove of the
behaviour), and perceived behavioural control (ease or difficulty in completing the
task) collectively shape the behavioural intention of an individual, which influences
his/her actual behaviour!®. This theory has been used to predict and explain
behavioural intentions on diet and physical activity modifications in people with and
at risk of T2D200-202,

Social Cognitive Theory (SCT)

The SCT posits that learning occurs in a social context through the dynamic

interaction between the person, environment and behaviour®®. A major component of
the SCT is observational learning. An individual acquires desirable and undesirable
behaviour by observing others, then reproduce the learnt behaviour based on the
anticipated consequences. The belief in self-efficacy (confidence), together with
environmental factors (barriers and facilitators) influence the capability of the
individual in performing the behaviour. This theory has been used to explain the
influence of the social environment on the adherence to T2D self-care activities*® 5
(Refer to Section 1.2.5).

In recent years, studies have integrated behavioural change theories and the
technology acceptance model (TAM) to predict and explain mHealth adoption. The
TAM has been widely used to explain the intention and actual use of information
systems (mHealth adoption) 2%%-2%, This model has been expanded over the years to
include external social influence and cognitive processes. One successor of the TAM
is the Unified Theory of Acceptance and Use of Technology (UTAUT), which aims
to explain user intentions to use an information system and subsequent usage
behaviour®2. Another model derived from the TAM is the Health Information
Technology Acceptance Model (HITAM)'®. The HITAM was developed with a
combination of the HBM, TAM, and TPB to explain the interactions of health

information technology and the behavioural intention of health consumers*®,
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Although technology acceptance models have been useful in predicting and
explaining mHealth adoption, these models were mainly focused on single adoption
of technology. With the integration of smart devices into daily living, the interaction
between people and technology in everyday life has to be considered for mHealth
adoption. Instead of focusing on “who uses the technology”, a broader perspective
needs to be considered to assess the way people use technology. Wirth et al.
developed the Mobile Phone Appropriation (MPA) model to provide a theoretical
framework to analyse the actual use and implementation of mobile communication
technology into users’ everyday lives'®l. For example, a qualitative study which used
the MPA model to examine the usage of mHealth technology for DM self-
management found that people with DM would often make use of the broader mobile-
media ecosystem rather than a standalone app to manage their disease?. Concepts
from various technology adoption models such as diffusion of innovations!®3, TPB%
and UTAUT™® were integrated to explain the dynamic process of appropriation. The
term “appropriation” was used to emphasise on users’ active renegotiation of
mHealth usage within an environment of constantly evolving mobile communication

technologies.

In view of dynamic and complex interactions of technologies with users, theoretical
and empirical frameworks should both be considered when designing and evaluating
complex mHealth interventions'® 207 A theoretical approach provides a useful
conceptual framework for change while empirical research provides support for
implementation. Frameworks that guide mHealth adoption should be adapted to fit

the context of the research interest as technology continues to evolve.

1.5 Summary of research gaps

In the previous sections, | described T2D as a growing problem worldwide with its
increasing prevalence, economic and personal costs, and burden to health systems.

Innovative solutions utilising digital interventions can complement multifaceted T2D
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care. For example, smartphone apps are increasingly used for T2D management as
they offer an innovative, convenient and easily accessible means to learn about and
manage T2D. Despite positive evidence of the effectiveness and acceptability of
smartphone apps for T2D management, gaps exist in the evidence for

implementation.

First, less evidence of the effectiveness of health apps is available compared with the
older internet-based digital tools for T2D self-management. While health app
development is advancing rapidly, the number of apps intended for T2D self-
management is unknown. The myriad and varied quality of DM apps make the
recommendation and selection of a T2D management app challenging. Studies of
health apps are also generally limited to English language apps. Disparities in health
app access and usage exist within and between health systems?%® 29 With the high
number of non-English speaking people with DM worldwide, it is imperative to
understand the global DM apps landscape and appreciate the applicability of high-

quality mobile health apps for different populations and contexts.

Second, few studies have systematically examined the quality of apps for T2D self-
management. Despite the importance of medication adherence in T2D management,
it is unclear whether these apps are supporting T2D patients in adhering to their
medications or incorporating medication management features adequately. Gaps in
knowledge also exist in the alignment of health apps with validated treatment

guidelines, which should be addressed to ensure better safety and utility for the user.

Third, the transparency and reliability of information sources for DM apps are
unclear. Concerns over the privacy and security of apps, due to the lack of app
accreditation and data protection, impede app adoption.

Lastly, the adoption and sustained use of health apps are critical towards the
evaluation of the effectiveness of health app interventions. While the clinical
effectiveness of smartphone apps for T2D has emerged in recent years®® 3 the
efficacy and implementation of smartphone apps in supporting medicines taking are

not well studied'*® 41, App fatigue occurs when users download too many apps that
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they do not use regularly. The intermittent use of a health app diminishes its utility
for long-term chronic disease management. In addition, population-based
interventions involving smartphone apps are often complex and multifaceted. The
“gold standard” Randomised Controlled Trial (RCT) is often not possible due to
challenges in controlling the study environment. For example, an app study on
medication reminders in the primary care setting will likely be confounded by other
forms of digital reminders available in the smartphone. Therefore, alternative
evaluation methods other than RCTs should be explored to address the gaps in

translating mHealth into practice.

1.6 Aim and objectives

Smartphone apps are widely available for people with T2D to manage their
medication, but barriers to app adoption undermine their potential to transform care.
One barrier for app adoption is the shortage of high-quality mHealth evaluations and
guidance for healthcare professionals to make recommendations. Other barriers
include the lack of app features that are important for T2D management and hasty
implementations of mHealth interventions that often led to failure. To address these
gaps, | conducted several systematic assessments of DM apps to identify an app with
comprehensive medication management features. The identified app was then used
for a pilot study to assess the feasibility of a medication management intervention for
people with T2D in Singapore. A pilot study was conducted as careful planning and
piloting prior to the large-scale adoption of a mHealth intervention is essential to
maximise the success rate for future large-scale adoption. The aim and objectives
described below seek to address some of the research gaps described in Section 1.5.
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1.6.1 Aim

My research aimed to assess the clinical relevance, quality, and impact of smartphone
apps on the medication management support of people with T2D.

1.6.2 Objectives
The specific objectives of my research were to:

1) Systematically assess the number, proportion and clinical relevance of DM
self-management smartphone apps in languages spoken by countries with the

highest numbers of people with DM;

2) Systematically assess and characterise the medication management features
in apps for T2D self-management and their congruence with international

medication adherence guidelines;

3) Systematically assess the transparency and reliability of health information
disseminated through smartphone apps with incorporated medicines

management features for people with T2D; and
4) Assess the feasibility of using a smartphone app to support medication

adherence in T2D patients attending a public healthcare institution in

Singapore through a pilot study.
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1.7 Content of the dissertation

Chapters 1 and 2 describe the background, context, study design and study rationale.
As this is a thesis by publication, Chapters 3 to 7 describe studies that were
published/accepted to peer-reviewed journals to address the research aim and
objectives. Figure 1 shows a schematic summary of the PhD.

Chapter 3 addresses Objective 1 by providing a global overview of the clinical
relevance of smartphone apps for DM self-management. Popular apps in languages
spoken by the top ten countries with the highest numbers of people with DM were
downloaded and screened for app features that were clinically relevant to T2D self-
management. After gaining an overview of the T2D app landscape, the topic was
narrowed down to focus on medication adherence for subsequent studies as it is an

essential self-care behaviour in T2D management.

Chapters 4 and 5 address Objectives 2 and 3. Chapter 4 details the methodology of a
study which systematically assessed and characterised the medication management
features of T2D self-management apps with the best practice evidence-based criteria.
The transparency and reliability of information disseminated via these apps were also
examined with criteria adapted from the Health on the Net code of conduct

(HONCcode) principles. Chapter 5 describes and discusses the results of this study.

After gaining an overview of the medication management features of T2D self-
management apps, the Medisafe® app was selected for a feasibility study which
focused on the process and patient outcomes of actual app use. Chapters 6 and 7
address Objectives 4 and 5 by describing a study that investigated the short-term
impact of an app on medication adherence and medication-taking behaviour in T2D
patients attending a public healthcare institution in Singapore. In view of the
challenges encountered with evaluating complex interventions, the UK Medical
Research Council (MRC) recommends a feasibility and piloting phase for such
interventions to optimise design and evaluation. Therefore, a feasibility study was
conducted to evaluate if recruitment for an app study and sustained app use is feasible

in Singapore before considering the execution of a larger study in future.
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Finally, the key findings of this thesis are summarised and discussed in Chapter 8.
The strengths and limitations of the methodological approaches, research

implications, and recommendations for future research are also discussed in this

chapter.
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2. Context and research design

Chapter 2

Context and research design

This chapter describes the context of the research. | begin with my (the PhD candidate)
background and the context (Singapore) which the research took place in Sections

2.1 and 2.2, followed by the rationale and research design of each study in Section

2.3. The study context is especially pertinent to the feasibility trial study (described

in Chapters 6 and 7) set in a Singapore public outpatient clinic.

2.1 The PhD candidate’s background

The researcher’s position influences the research process and analytic stance?®™.
Therefore, an understanding of the background and experiences of the researcher is
useful for the interpretation of the relationship between the researcher and the work
of research. | (the PhD candidate) was born and raised in Singapore, a multi-ethnic
country with a mixture of spoken languages and dialects. The official working
language—the English language—is often spoken with a colloquial twist among
Singaporeans (Singlish). The shared cultural background helped me to build rapport
with my study participants for the feasibility trial (Chapters 6 and 7).

My educational background is in engineering, economics, and public health. Prior to
the PhD study, | was employed in various roles in both the primary and tertiary
healthcare sectors in Singapore. My first experience in a job with patient interaction
was as a clinic assistant in two private general practices, which helped me to better
understand the job scope of general practitioners (GPs) and improve my patient

interaction skills.

I also worked as a management associate in a public specialist outpatient centre in
Singapore. The departmental rotations helped me gain insight into the Singapore

health system and physician training, which proved valuable for subsequent research
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and work in Singapore. The experience gained in the clinical operations department

further strengthened my patient interaction skills.

I completed a Master of Public Health (MPH) at Imperial College London (ICL)
before working as a health services researcher in the public healthcare sector. As ICL
is a WHO collaborating centre, | had the opportunity to visit the WHO headquarters
in Geneva. These overseas experiences heightened my interest in global health issues
and inspired me to explore the availability of DM apps in various languages (Chapter
3). Work experience as a researcher helped to hone my research skills, expanded my
local network and influenced my decision to embark on a PhD in Population Sciences.
Part of the reason for choosing Changi General Hospital as the setting for the
feasibility trial was my familiarity with the healthcare setting and the established

network with my previous work organisation.

2.2 The study context: Singapore

An understanding of the study context provides perspectives on the rationale and
decisions made for the research. In this section, | briefly introduce Singapore’s health
system, the problem of T2D and Singapore’s stance on T2D. | also present Singapore

as a suitable setting for conducting health apps studies.

2.2.1 A brief introduction of Singapore’s health system

Singapore, an urbanised and densely populated island in Southeast Asia, has one of
the best healthcare systems in the world in terms of health outcomes and health
efficiency. Good overall health outcomes were achieved despite a relatively low
national health expenditure (4.3% of GDP) compared with other high-income
countries (8% — 12% of GDP)?!1, The WHO ranked Singapore’s health system in the
6'" place (behind France, Italy, San Marino, Andorra and Malta) among 191 countries
in its year 2000 World Health Report?'?. The rankings were based on index of five

factors: 1) overall or average health based on disability-adjusted life years (15%); 2)

42



2. Context and research design

distribution or equality in health (35%); 3) overall or average responsiveness to
people’s expectations regarding non-health measures (12.5%); 4) distribution or
equality in responsiveness regarding non-health measures (12.5%); and 5) fair
financial contribution (25%). The Bloomberg Global Health Index also ranked
Singapore as the fourth healthiest country in the world among 163 countries in
2017213, The index was computed by summing health score metrics (mortality by
communicable and non-communicable diseases, life expectancy, access to clean air,
water and sanitation services etc.) and subtracting health risk penalties (e.g. high
incidences of population with elevated level of blood pressure and cholesterol,

tobacco and alcohol use, physical inactivity, child mortality etc.).

Population demographics

The total Singapore population of 5.64 million in 2018 comprises 3.84 million
residents (i.e. citizens and permanent residents) and 1.6 million non-residents®'.
Ethnic Chinese (76.2%), Malays (15.0%) and Indians (7.4%) make up the majority
of the resident population. Life expectancy is high, and currently (2018) stands at
80.7 years for males and 85.2 years for females?® (refer to Appendix A1.1 for more

information)

Health system, policy and financing

The achievements of the health system today are a result of good governance and
sound fiscal policies. Healthcare is currently delivered through a mixed model. The
public sector delivers 80% of acute hospital care, while the private sector delivers 80%
of primary care. Primary care is managed by subsidised polyclinics or private GPs?*6:
217 (refer to Figure 2.1 for an illustration of the various health sectors of the Singapore
health system). All Singaporeans currently have access to subsidised basic medical
services at government polyclinics and hospitals?'®. Employers may partially cover
the healthcare costs of working adults. Other than public health services and those
facing financial hardship, all healthcare services are fee-paying as the government is
a strong advocate of self-reliance, family responsibility and community self-help for
individual welfare'® (refer to Appendix A1.2 and A1.3 for more information on the

political philosophy and financing of Singapore’s health system).
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The health system has undergone multiple restructures since the year 2000 to increase
the efficiency and competitiveness of public healthcare institutions. Regional health
systems (RHS) were formed to provide vertically integrated care between the primary
and tertiary care sectors. There are currently three RHS clusters in Singapore?. Each
cluster is linked with a medical school to facilitate teaching and research. The
speciality centres are shared by the clusters as Singapore is not large enough to
warrant multiple centres for the same clinical condition. The current three RHS
clusters are SingHealth, National Healthcare Group (NHG) and National University

Health System (NUHS) (refer to Appendix Al.4 for more information on the

restructuring of Singapore’s healthcare system).

Primary Care Tertiary Care

20% (18 polyclinics
serves 50% of chronic
disease cases)

80% (1700 private GP
cIinics) o0 000

e 20% (Private hospitals)
e 80% (9 acute public
°0e hospitals)

Wellness Care Population Health ContinUing Care

e Health promotion Board e 70% Public
e Mainly private sector e 30% Private

(Includes hospices,
nursing homes and
community
hospitals)

Figure 2.1 lllustration of the private and public proportion in primary care, tertiary care, wellness
care and continuing care sectors.
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Challenges of the health system

There are currently a few challenges plaguing the Singapore health system. First, the
health system (supply) has to rapidly catch up with the demand for health services to
meet the needs of an ageing population. Public hospitals in Singapore experienced
severe bed crunch in 2014 due to increased number of older adults with multiple
readmissions and longer length of stays?'®. According to forecasts, one in four
Singaporeans will be above the age of 65 by 20302%, In a nationally representative
survey of community-dwelling older Singaporeans (citizens and permanent residents)
aged 60 years and above, 38% of respondents were found to have three or more
chronic diseases?. The management of long-term chronic diseases is resource-
intensive and costly to the health system. In the 2017 financial year, healthcare
received the third largest—S$10.7 billion—spending by the government. This
amount is expected to increase by another S$3 billion by 2020 as the population
ages??!. Efforts to promote healthy ageing and living are underway, but that will not

remove the susceptibility of an aged person to chronic illnesses.

Second, primary care resources are unequally distributed across the public and private
sectors. The highly subsidised polyclinics, which accounts for 20% of primary care
(refer to Figure 2.1 for an illustration of the distribution of health services in the
private and public health sectors), handle half of the primary care cases?!®. Many
people with chronic illnesses (e.g. DM) choose subsidised care as long-term chronic
disease management becomes expensive cumulatively. For example, people with
T2D will be on long-term medication and will need to have three-monthly follow-
ups for the doctor to monitor their condition. The government has since expanded GP
services and introduced subsidies for GP visits to relive the load of polyclinics. (Refer
to Appendix 1.5 for more information on the government’s initiatives to shift chronic

disease care to primary care.

Third, the health system is fragmented and short of trained healthcare professionals
suitable for chronic disease management. Specialisations and sub-specialisations
have caused a lack of diversity in tertiary care and a lack of depth in chronic disease

management in primary care?*8. Patients may lament seeing many specialists for a
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condition without any doctor coordinating care. The primary, intermediate and long-
term care needs to be integrated to deliver seamless care to a patient??2, (Refer to
Appendix 1.4 for information on the integration of health services)

Fourth, inappropriate utilisation should be managed. Monitoring and regulations
must be in place to prevent abuse of the system. Insurers should not make healthcare
free-of-charge as that will increase the expectations and demand of healthcare, which

may drive costs up??

. Too many specialists without regard to cost-effectiveness may
also drive up the cost of healthcare. Costs and outcomes of medical services should
also transparent to prevent doctors from being profit-oriented entrepreneurs whom

may create their own demand??,

Fifth, with a shrinking work force and increased demand for health services,
healthcare productivity has to be enhanced to maintain current standards without
relying too much on the foreign talent pool®!®. There is also a need to manage
specialised services (with overseas patients seeking healthcare in Singapore) without
compromising the basic care needed by the local population. The National Population
and Talent Division projected that the Singapore will require 28,000 foreign
healthcare workers (an increase from 13,000 in 2011) by 2030 to manage the rising
demand for healthcare services and home-based care. The government has taken steps
to decrease the reliance on the foreign talent pool. One solution is to encourage
trained healthcare professionals who are retiring to continue working. Another
solution is to improve productivity by raising the employability of healthcare staff,

which in turn attracts more Singaporeans into the sector?%,

Lastly, threats of infectious diseases are prevalent with increased interconnectivity
with the world. The severe acute respiratory syndrome (SARS) outbreak in 2003
started from a woman who contracted the disease in Hong Kong. The disease not only
infected 238 and killed 33 people in Singapore, but led to public panic, school and
business closures, and a decreased number of tourist arrivals which negatively
impacted the economy??® 227, With approximately 100 million passengers entering
Singapore annually??®, threats of infectious diseases being brought in from overseas

(e.g. Ebola, HIN1, Nipah) are prevalent and should not be overlooked.
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2.2.2 DM in Singapore

Type 2 diabetes management

In Singapore, newly diagnosed T2D patients are usually managed in the primary care
sector—either by family physicians in subsidised polyclinics or by private GPs (refer

to Appendix Al1.5 for more details on Singapore’s increased emphasis on primary

care). Severe cases such as poorly controlled HbAlc with the presence of
comorbidities are referred to specialists.

Patients are generally reviewed every three to six months by the doctor for T2D
management, and yearly for foot and eye examinations. Outside the clinical setting,
patients are required to self-monitor their blood glucose via a glucometer and modify
their lifestyle. Information on medication adherence and lifestyle behaviours are
often obtained through patients’ recollection of self-care between follow-up clinic
visits. Since care is primarily outside the clinical setting, individualised care tailored
to the needs and circumstances of adults with T2D is essential for the patient to

benefit from long-term interventions?,

Type 2 diabetes prevalence

The prevalence of T2D among adults aged 18-69 years, diagnosed using the OGTT,
was 11.3% and disproportionate among the major ethnic groups according to the
2010 National Health Survey??. Indians have the highest T2D prevalence of 17.2%,
followed by Malays at 16.6% and Chinese at 9.7%%%°. Thirty-two per cent of the
surveyed patients with T2D reported poor glycaemic control?®, which is
comparatively higher than the 12.9% (of American adults) reported by the U.S.

Centre for Disease Control and Prevention?3!,

Subsequent national health surveys reported T2D prevalence based on the less
sensitive Fasting Plasma Glucose (FPG) test?*?, picking up lower rates of T2D.
Nevertheless, a clear increasing trend in the prevalence of T2D can be observed over
the years with the FPG test, which showed an increase in the prevalence of T2D in
Singapore from 7.3% in 1992 to 8.3% in 2010 and 8.6% in 20172%,
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Singapore has one of the highest numbers of DM-related lower extremity
amputations (LEAs) among OECD countries according to a locally published
study?*®. The major LEA rate has increased from 11.0 per 100,000 population in 2008
to 13.3 per 100,000 population in 2013, which puts Singapore in the top five positions
among OECD countries?®® 23, The rate of T2D related LEA is on the rise as the
prevalence of T2D rises. An average of four people loses a limb each day due to
diabetic foot problems and one in five amputees dies within a year after LEA from

other multiple complications®,

A public health study presented a grim forecast of the future burden of T2D if the
situation remains status quo. The prevalence of T2D is forecast to increase to 15% by
the year 2050, where 1 in 6 (up from 1 in 13) working adults will have T2D’. With
increasingly younger patient profiles of people with T2D, the study also estimated
that working people with T2D would incur more than S$1billion per year in T2D

related health costs!’.

Medication adherence in T2D patients

Approximately one-third of newly diagnosed T2D patients are non-adherent to their
medications in Singapore, according to a retrospective cohort study using the
proportion of days covered®?. These medication non-adherent patients had 2.6 times
more hospitalisations and made 2.4 times more emergency department visits
compared with fully adherent patients over five years. Another Singapore study
which used a 5-item self-reported medication adherence tool found that 57% of
patients had low medication adherence to at least one of their OHAZ®. Medication
adherence rates vary between sex, ethnicity and the presence of other chronic

conditions®.

2.2.3 Singapore’s emphasis on T2D prevention

The gravity of the impact of T2D in Singapore was not apparent until the release of
estimates from the 2010 National Health Survey and other public health studies

around the same period. The Singapore government has since declared its stance to
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tackle T2D on several occasions. In 2016, the Health Minister declared a “war on
diabetes” to engage Singaporeans to “battle” against T2D by leading healthier
lifestyles?®’. In the 2017 National Day Rally, the Prime Minister spoke about T2D as

one of the three key long-term issues for Singapore®,

The Ministry of Health has devised a solution—the “3 beyonds”—to keep the
healthcare in Singapore sustainable and high quality for the future. They are 1)
Beyond healthcare to health (ensuring a healthier population), 2) Beyond hospital to
the community (ensuring that care for patients go beyond the hospital into the
community), and 3) Beyond quality to value (ensuring value for money quality care).
This strategy formed the basis of subsequent initiatives to fight against T2D.
Workgroups were created to tackle various aspects of the problem. One initiative is
a citizen’s jury to generate recommendations that are of significance and mobilise
citizens to raise awareness of T2D in the community?°. Another initiative is to allow
people with T2D to use their Medisave® to pay for lancets and test strips and enable
people with pre-diabetes to pay for their medical consultations?®. The Health
Promotion Board also rolled out a slew of health promotion initiatives to encourage
behavioural changes towards healthier lifestyles. For example, the National Health
Challenge is an app-based intervention that allowed participants to earn rewards from

adopting healthier lifestyle behaviours.

In addition, a S$15 million grant was pledged to the Health Promotion Board’s
Healthier Ingredients Development Scheme to develop low-sugar foods and
drinks?*. While progress is being made in the “war against diabetes”, it was also

acknowledged that the effects of this “war” would take a long time to be seen.

¢ Medisave constitutes a component of the compulsory savings scheme for all working Singapore
citizens and permanent residents. The savings from Medisave can be used to offset hospitalisation
and selected outpatient treatment bills to reduce out-of-pocket payments for the patient and their
family.
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2.2.4 Singapore’s transition to a smart nation

With growing digital transformation worldwide, Singapore also capitalised on its
knowledge-based economy to solve complex urban problems and explore economic
opportunities. The Smart Nation initiative was launched with the aim to “support
better living, stronger communities, and create more opportunities, for all”?*, This
was not a new concept, but a culmination of earlier efforts to digitise public service
delivery. A set of enablers were relied upon to help achieve this initiative: facilitating
smart solutions through test-bedding and research collaborations, nurturing a culture
of experimentation, sustaining innovation, and building computational capabilities?*>
243 These enablers encouraged the use of big data, Information and Communications
Technology and the Internet of Things (l1oT) such as sensors and smart devices to
enhance the daily living of Singaporeans®*3, The Smart Nation initiative also presents
ample opportunities for businesses and research institutions to create and test-bed

innovations.

The efforts to digitise Singapore is timely with an ageing population and increased
demand for healthcare services. Digitisation can streamline processes for more
efficient and personalised patient care. For example, telemonitoring or
teleconsultation has been used in dermatology, stroke rehabilitation, T2D and heart
failure for patients requiring long-term primary or community care in Singapore>®
244286 On the national level, the “Health Hub” web portal and the app were launched
as a one-stop portal for Singaporeans to access health information and their medical
records online?*’. The Health Promotion Board also launched the “Healthy 365”
mobile app to promote healthy living in Singapore®*®, Ongoing incentives were
introduced to encourage long-term behavioural change.

2.2.5 Singapore as a suitable setting for health app implementation

Smartphone penetration

Singapore has one of the highest smartphone penetration rates in the world, with 85%

of the population owning a smartphone?®*°. There are currently 8.61 million mobile
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connections in Singapore, comprising 150% of the population (an average of two or
more mobile subscriptions per person)®?; computed by the total subscriptions
divided by the total population®!. Since April 2017, the 2G (second generation)
cellular network was permanently shut down in Singapore to allow for a transition to
the 4G (fourth generation) wireless mobile telecommunications technology
network?®2, Users of 2G phones, who were mainly elderly, were required to switch to
a 3G or 4G phone®3,

With the smart nation initiative, the use of smartphone apps or health apps for
lifestyle management is no longer a foreign concept to many Singaporeans. As the
younger and more educated members of the population age in the future, concerns
about technological barriers will lessen, and technology will continue to advance for

disease management.

In addition to the smart nation initiative, the government is also supporting initiatives
to prevent the onset of T2D and to help T2D patients better self-manage their
condition, as mentioned in earlier sections. The intersection of smart nation initiatives
and T2D prevention/management, coupled with a multi-ethnic society, provides
excellent opportunities for Singapore to test-bed digital innovations for T2D care.
Healthcare institutions and patients may be more willing to accept and integrate new
digital solutions into their routine care as they become more familiar with T2D

research.

2.3 Study rationale and research design

This section describes the rationale for research decisions, study design and analytical
approach to address the objectives outlined in section 1.6. | conducted three research
studies: (1) an assessment of the clinical relevance of DM self-management apps in
ten languages spoken by countries with the most number of people with DM; (2) a
systematic assessment of the medication management features of apps for people
with T2D against (i) its congruence with international T2D and medication

management guidelines, and the (ii) transparency and reliability of information
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disseminated via the apps; and (3) a pilot trial assessing the feasibility and impact of
a smartphone app in improving medication adherence in people with T2D in

Singapore.

A funnel approach was taken for the sequence of the studies; beginning with global
smartphone apps for people with DM and narrowing to focus on English language
medication adherence apps for people with T2D. The systematic app assessments in
study 2 were necessary to select a suitable medication management app for the
feasibility study in Study 3.

2.3.1 Rationale for systematic app assessments

The number of apps and consumer choices has increased rapidly due to the growing
amount of positive evidence on the clinical efficacy of smartphone apps for T2D self-
management. As mentioned in Section 1.4.1, IQVIA estimated the global number of
apps to have increased from 165,000 in 2015 to 318,000 in 201752 17, The number
of DM apps has also increased rapidly from six in 2008 to 267 in 2012%4. By 2016,
there were over 1000 DM apps (for patient and providers) in the Google and Apple
app stores®®®. Apart from the small number of apps with evidence of efficacy, the
quality and applicability of the remaining apps were unknown and unregulated. For
example, independent evaluations have identified areas of health apps that could
potentially harm userst’ 17> 178 One study found that insulin dose calculator apps
could potentially make incorrect recommendations that may put the user at risk’®.
Prior to this study, Pfitzer and Sanofi Aventis have recalled Rheumatology and
Insulin calculator apps that were generating mistakenly high and low scores!’.
Another study found that apps accredited by the UK NHS Health Apps Library
offered limited data protection (risk of identity leak were present) to users®®.
Therefore, an understanding of the overall app landscape is imperative to identify

gaps that are relevant for improvement prior to app implementation.

A systematic approach (i.e. app search, app assessments) is required to ensure the

validity of the results. As the apps in the app stores change frequently, systematic app
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assessments must be quick and well-coordinated. Many studies in existing literature
assess apps based on random searches which are often biased towards apps with
higher user ratings.

The app assessments in my PhD are part of a larger study assessing the features of
T2D self-management apps and their congruence with international T2D guidelines.
The study includes blood glucose monitoring, medication adherence, physical
activity, diet modifications, and other important T2D self-care behaviours and app
attributes (i.e. data transfer, privacy and security, disclosure of developers’
information). | focus on the medication management aspects of T2D apps, and the

transparency and reliability of information disseminated via these apps.

Rationale for global app assessment

While conducting a literature review on this topic, | found a disproportionate number
of app studies focusing on English speaking populations despite a large number of
people with DM who speak other native languages. The assessment of apps in other
languages will provide a better representation of the global app landscape. Therefore,
I conducted a global app assessment study to obtain a broad overview of the global

app landscape before narrowing down to focus on English language apps.

2.3.2 Rationale for a randomised feasibility trial

There is a paucity of RCTs focusing on the impact of a smartphone app on improving
medication adherence, especially in Asian populations. With this gap in mind, |
designed and conducted a pilot study to determine the feasibility, acceptability, and
clinical outcomes of using a smartphone app to improve medication adherence in
T2D patients.

I chose to conduct a pilot study due to the uncertainties surrounding smartphone app
RCTs (i.e. participants’ digital literacy, the possibility of contamination, non-
adherence to trial, acceptability of medication management app interventions among
Asian populations, etc.) and recommendations from the UK MRC that feasibility
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studies should precede full-scale RCTs?®’. A registered RCT of a self-developed
smartphone app designed to improve medication adherence among T2D patients in
Singapore was withdrawn due to poor patient recruitment?¥. As there was no prior
baseline information on recruitment rates and patient willingness to participate in a
smartphone app study in Singapore, a pilot trial was deemed more suitable in

identifying and rectifying problems prior to a full trial.

The systematic app assessments helped me to select a suitable app for the feasibility
trial. 1 chose a free-to-download commercial app (Medisafe®) with evidence
supporting its effectiveness for the study (elaborated in Section 6.3.5) instead of
developing my app, as the purpose of the study was to analyse patients’ acceptability
of the intervention and app usage behaviour rather than the attributes of the app.
Selecting a highly downloaded app also reduced the need to develop, test and validate
the app.

I employed a pre-post two-arm study design to reduce biases in self-reporting
instruments. For example, patients who tend to over- or under-report their health
status are likely to do so for both the pre- and post-surveys. The average follow-up
interval was between three to six months. Therefore, a 12-week follow-up period was
adopted for a feasibility trial, although health outcomes specific to certain aspects
such as HbAlc are unlikely to change over a short period. Intermediate (monthly)
surveys were sent to “remind” participants to continue to use the app and to assess
changes in attitude towards app usage over time. Small participant incentives
(grocery vouchers) were offered to reduce the dropout rate. This feasibility trial will

produce a baseline for planning future studies.
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Chapter 3

Clinical relevance of smartphone apps for the
management of diabetes mellitus: A global
overview

This chapter provides a global overview of the clinical relevance of diabetes DM self-
management apps for people with DM. Apps in widely spoken languages of ten
countries with the highest numbers of people with DM were first screened for
relevance to DM self-management. Eighteen apps in the ten languages were then
downloaded and assessed for clinical relevance to T2D self-management with
reference to current clinical guidelines. A broad inclusion criterion was used at the
screening stage to include all types of apps for DM self-management, as many apps
have features that can be used for all types of DM (e.g. blood glucose monitoring).
This criterion was narrowed to focus on adult T2D cases at the app assessment stage

to align with the focus of the thesis.

3.1 Motivation of the study

Diabetes mellitus is a complex chronic disease characterised by the body’s failure to
use and store glucose properly?®8. Over 400 million adults currently have DM, and
this number is expected to increase by 50% in the next 25 years? 2, Over 90% of
DM cases are T2D? Although interventions such as medications and lifestyle
changes can facilitate good glycaemic control, there is no fixed approach to DM
management. Individual responses to DM management are unique to the duration and
stage of the disease, life expectancy, and predisposition to DM complications’. With
the large number of people with DM, innovative solutions utilising digital
interventions can enable better DM care as part of multifaceted interventions
following validated treatment guidelines. Innovative solutions for DM care are
critical for Lower- and Middle-Income Countries (LMICs) where deficiencies of

healthcare services and shortage of healthcare professionals are particularly grave.
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Studies have demonstrated the utility of smartphone apps in complementing DM
care®. The number of smartphone users has surpassed 2 billion in 2016 and is
expected to increase to 2.86 billion by 2020%%°. Currently, the Android and Apple
markets represent 80% and 15% of the apps market share, respectively. The number
of health apps worldwide has also increased from 165,000 to 318,000 in 2017 in a
span of 2 years®?. As described in section 1.4.1, the clinical effectiveness of
smartphone apps in HbAlc reductions have been demonstrated through patient
education, telemonitoring and interventions eliciting behavioural change®® 119121,
With increasing evidence in the clinical effectiveness of apps for DM care® 26! the
number of DM management apps are expected to further increase in magnitude and

capabilities to help meet the unmet needs of patients.

While health app developments are advancing rapidly, the number of apps intended
for DM (including T2D) self-management is unknown. Studies of health apps are
also generally limited to English language apps. Disparities in health app access and
usage exist within and between health systems?® 2%° With a large number of non-
English speaking people with DM worldwide, it is imperative to understand the
global DM apps landscape and appreciate the applicability of high-quality mobile

health (mHealth) apps for different populations and contexts.

3.2 Objectives

The objectives of this study were to assess (1) the number and proportion of DM self-
management apps in major languages spoken in ten countries with the largest
numbers of people with DM; and (2) clinical relevance of selected apps in each

language.
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3.3 Methods
3.3.1 Selection of apps

The method of app selection and identification was similar to the process of a
systematic literature review?®2. In brief, China, India, USA, Brazil, Russian
Federation, Mexico, Indonesia, Egypt, Japan and Pakistan were identified as the ten
countries with the largest numbers of people with DM based on the latest NCD-RisC
publication?®. App users were assumed to prefer to use apps in their mother tongue.
Hence, the languages spoken and used most frequently in these countries were
included in this study. These languages were Chinese for China, Hindi for India,
English for the USA, Portuguese for Brazil, Russian for the Russian Federation,
Spanish for Mexico, Bahasa Indonesia for Indonesia, Arabic for Egypt, Urdu for
Pakistan, and Japanese for Japan. Hindi and English were used for India as they are
the official languages in India. Although only approximately 12% of the Indian
population speaks English, India has the second-largest English-speaking population
after the USA. Apps in Indian vernacular languages were identified from screening
the English search results as searches in Indian vernacular search terms returned close
to zero results. These apps would either have partial descriptions in a vernacular
language or English descriptions indicating that the app is in a vernacular language.
In addition, a search was conducted for apps in German, French, Tamil, Bengali,
Danish, Korean, Norwegian, Polish, Malay, Filipino and Swedish to cover major

international languages.

The titles and descriptions of Android and iOS smartphone apps were extracted in
ten languages with a search strategy. All extracted app titles and descriptions were
checked for language relevance on Google Translate and sorted by their identified
languages. Other unspecified languages were dropped from the analysis. Duplicated
apps in the same language and on the same app platform were removed before being

screened for relevance to DM self-management by trained reviewers.
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3.3.2 Search strategy

Diabetes mellitus related search terms such as “Diabetes”, “Glucose”, “Insulin” and
variations of these words were searched on the Android and iOS platforms in June
2017 in ten languages. A search for Chinese language (Mandarin) apps in the Android
market was additionally conducted on third-party platforms such as “Baidu”,
“Wandoujia” and “360 Zhushou” due to Google restrictions in China. Native
speakers translated the terms from English to Chinese, Arabic, Spanish, Portuguese,
Russian, Japanese, Hindi, Urdu and Bahasa Indonesia.

3.3.3 App screening

App titles and descriptions were screened in English, Chinese, Arabic, Spanish,
Portuguese, Russian, Japanese, Bahasa Indonesia and Urdu. The purpose of app
screening was to identify the number of apps relevant to DM self-management based
on the search terms to enable a more accurate assessment of the proportion of apps
in different languages. Self-management, in this context, refers to behaviour or
actions an individual can partake to manage DM without the presence of a healthcare
professional. Apps in all languages were correctly classified by the Google language
detector except for English language apps, as a mixture of English and other
languages are mentioned in some app descriptions. These apps were checked and
reclassified into their appropriate language. Approximately 1% of the apps were
translated into multiple languages and duplicated across the languages covered by

this study. All apps were screened by native speakers.

Prior to the full screening, 100 English apps were selected randomly for adjustments
of the inclusion and exclusion criteria by six reviewers independently. The six
reviewers included me (the PhD candidate) and five second- and third-year
undergraduate medical students from Lee Kong Chian School of Medicine,
Singapore. The students were selected based on their interest in global health and
were trained to conduct systematic app assessments. Fleiss’s generalised kappa

coefficient, an adaptation of Scott’s pi was used to calculate the inter-rater agreement
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among all reviewers®®*

. An agreement between 60-80% represents a reasonably good
agreement among the reviewers?®®, Disagreements were discussed, and the apps were
rescreened until a good agreement was achieved between the reviewers. The final

inclusion and exclusion criteria are shown below:

Inclusion criteria:
e Targeted at people with all types of DM
e For self-management or informal caregivers of people with DM

e Recipes specifically for DM

Exclusion criteria:
e Apps intended solely for healthcare provider’s use
¢ Medical dictionaries for doctors or patients
e Apps for T2D prevention or prediction of DM risk
e Apps promoting pharmaceutical products without any DM self-management
components
e Apps for general well-being without a specific focus on DM
e Apps intended for other chronic diseases other than DM
e Apps espousing traditional cure

e Demonstration/trial apps

3.3.4 App assessments

The inclusion criteria were narrowed to focus on adults with T2D for the app
assessments, as a large number of DM self-management apps users are expected to
be people with T2D8, Selected apps were downloaded and assessed against a
checklist developed with reference to the 2017 ADA clinical guidelines®. A clinically
relevant app should reliably facilitate T2D self-care through knowledge
empowerment, self-awareness promotion, added convenience, and goal setting. Apps
should also cover essential domains such as physical activity, nutrition, weight,
medicines management, smoking cessation, foot and eye care, psychosocial care, and

lipids and blood pressure management. Up to three apps in each language were
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selected from the list of apps screened and determined to be suitable for T2D self-
management based on availability, downloads and popularity. Selected apps must be
suitable for adults with T2D, and at least have information or a functionality
supporting blood glucose monitoring, as optimal blood glucose control is often the
primary outcome of DM (including T2D) management. A criterion is considered to
have been met if the app contains content or any functionality in the DM care domains
listed in Table 3.1.

3.3.5 Data analysis

Apps were profiled according to the app platform and language. Descriptive summary
statistics were used to collate the number and proportion of apps according to
languages. Excel 2016 was used to conduct all analyses.
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Table 3.1 Selected ADA standards mapped with possible diabetes melitus self-management app functions

Self-care

, L q
Selected ADA standards of medical care in diabetes domain

How apps can complement care

Successful diabetes care requires a systematic approach to support
patients’ behaviour change efforts, including the following:

1. Healthy lifestyle choices (healthy eating, physical activity, tobacco
cessation, weight management, and effective strategies for coping with
stress)

Identification
2. Disease self-management (taking and managing medications and, | of essential | Apps should incorporate

when clinically appropriate, self-monitoring of glucose and blood | gomains that | components that can  support
pressure) facilitate behavioural change in people with
behavioural | diabetes

3. Prevention of diabetes complications (self-monitoring of foot health; change

active participation in screening for eye, foot, and renal complications;
and immunizations)

4. |dentification of self-management problems and development of
strategies to solve those problems, including self-selected behavioural
goal setting

Diabetes self-management education (DSME) is recommended to
facilitate knowledge, skills, and ability necessary for diabetes self-care Provide accurate information to
and in diabetes self-management support to assist with implementing All facilitate diabetes self-care through
and sustaining skills and behaviours needed for ongoing self- knowledge empowerment

management, both at diagnosis and thereafter.

YDiabetes here refers to all types of diabetes, as the ADA guidelines incorporated all types of diabetes.
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Most adults with Type 1 and Type 2 diabetes should engage in moderate-
to-vigorous intensity physical activity for 150 min or more per week,

Provide information on the
importance and recommended
amount of physical activity. Tracking

spread over at least 3 days/week, with no more than 2 consecutive days Physical . . .

. - . .. . . . of exercise levels will help to guide
without activity. Shorter durations (minimum 75 mins/week) of vigorous- activity .
. . . . - treatment decisions and promote
intensity or interval training may be sufficient for younger and more

. e self-awareness on the progress of
physically fit individuals. )
diabetes management
Nutrition therapy has an integral role in overall diabetes management, Provide information on healthy food
and each person with diabetes should be actively engaged in education, choices and food to avoid. A food
self-management, and treatment planning with his or her health care Nutrition database with nutritional information
team, including the collaborative development of an individualised eating thera should be provided for reference.
plan. All individuals with diabetes should receive individualised medical Py Meal logging will also guide
nutrition therapy (MNT), preferably provided by a registered dietitian who treatment decision and promote self-
is knowledgeable and skilled in providing diabetes-specific MNT. awareness of the dietary patterns
In overweight and obese patients with Type 2 diabetes, modest weight Provide information on the
loss, defined as sustained reduction of 5% of initial body weight, has been importance of weight loss in obese
shown to improve glycaemic control and reduce the need for glucose- Weiaht people with diabetes. BMI and
lowering medications. For many obese individuals with Type 2 diabetes, g weight tracking can guide treatment
. . . . .| management o

weight loss>5% is needed to produce beneficial outcomes in glycaemic decisions and promote = self-
control, lipids, and blood pressure, and sustained weight loss of 27% is awareness in the progress of weight
optimal. loss
Advise all patients not to use cigarettes and other tobacco products or e- Smokin Provide information on the
cigarettes. Include smoking cessation counselling and other forms of cessatiogn importance of smoking cessation in

treatment as routine component of diabetes care.

people with diabetes
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The care team, which includes the patient, should prioritise timely and
appropriate intensification of lifestyle and/or pharmacological therapy for
patients who have not achieved the recommended metabolic targets. To
inform this process, providers should routinely assess medication
adherence.

Medicine
management

Provide information on common
diabetes medications and the
importance of medication

adherence. Tracking of medication
can guide treatment decisions (i.e.
whether to increase medication
dosage) and promote  self-
awareness in people with diabetes

Psychosocial care should be integrated with a collaborative, patient-
centred approach and provided to all people with diabetes, with the goals
of optimising health outcomes and health-related quality of life. Providers
should consider assessment for symptoms of diabetes distress,

Psychosocial

Tracking of the patient's mood at
different time points of the day can
alert the healthcare provider of

depression, anxiety, disordered eating, and cognitive capacities using issues S
. . . . N coping issues and factors that may
patient-appropriate standardised and validated tools at the initial visit, at .
o . S cause irregular blood glucose levels
periodic intervals, and when there is a change in disease, treatment, or
life circumstance.
_ . - Provide information on the
Optimise glycaemic control, blood pressure and serum lipid to reduce the . . .
. . . . . . . . importance of glycaemic control in
risk or slow the progression of retinopathy. Patients with Type 2 diabetes Diabetic . )
SR . L . delaying the progression  of
should undergo an initial dilated and comprehensive eye examination by | retinopathy .
. . . . . retinopathy and ways to perform eye
an optometrist at the time of diabetes diagnosis. care
Perform a comprehensive foot evaluation at least annually to identify risk Provide information on the
factors for ulcers and amputation. All patients with diabetes should have Foot care importance and ways to perform foot

their feet inspected at every visit.

care
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Most patients with diabetes and hypertension should be treated to a
systolic blood pressure goal of 140 mmHg and a diastolic blood pressure
goal of 90 mmHg. Lower systolic and diastolic blood pressure targets,
such as 130/80 mmHg, may be appropriate for individuals at high risk of
cardiovascular disease if they can be achieved without undue treatment
burden.

Hypertension/
Blood
pressure
control

Blood pressure tracking and
monitoring will help the user and
healthcare provider to predict and
understand the risks of
cardiovascular diseases

For adults that do not take statins, it is reasonable to obtain a lipid profile
at the time of diabetes diagnosis, at an initial medical evaluation, and
every 5 years thereafter, or more frequently if necessary. Obtain a lipid
profile at initiation of statin therapy and periodically thereafter as it may
help to monitor the response to therapy and inform of adherence.

Lipid
management

Cholesterol level tracking can assist
in formulating personalised
nutritional therapies

When prescribed as part of a broad educational program, SMBG may
help to guide treatment decisions and/or self-management for patients
taking less frequent insulin injections or noninsulin therapies. When
prescribing SMBG, ensure that patients receive ongoing instruction and
regular evaluation of SMBG technique, SMBG results, and their ability to
use SMBG data to adjust therapy. When prescribing Continuous Glucose
Monitoring (CGM), robust diabetes education, training, and support are
required for optimal CGM implementation and ongoing use.

Self-
monitoring of
Blood
Glucose

Provide information on the
importance of SMBG and ways to
perform SMBG. Monitoring/tracking
of blood glucose levels and insulin
intake will help to guide treatment
decisions and promote = self-
awareness in the control of blood
glucose levels

Table 3.1 Statements relevant to the self-management of Type 2 Diabetes (T2D) were extracted from the 2017 ADA clinical guidelines and grouped
into self-care domains. The potential app functionalities in complementing T2D self-care were described under each self-care domain. A clinically
relevant app should reliably facilitate diabetes self - care through knowledge empowerment, self-awareness promotion, added convenience, and
goal setting. Apps should also cover essential domains such as physical activity, nutrition, weight, medicines management, smoking cessation, foot
and eye care, psychosocial care, and lipids and blood pressure management. A criterion is considered to have been met if the app contains content

or any functionality in the domains listed in the table.
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3.4 Results

Overall, the DM-related search terms identified 3374 Android (inclusive of Mandarin
apps) and 4477 iOS apps from the respective app markets. After screening, 1019
Android and 1303 iOS apps were screened and determined to be relevant to DM self-
management. Of the included apps, 193 apps were duplicated across the Android and
iOS platforms. Although the English language search terms returned the highest
number of results compared to all other languages, approximately half to a third were
reclassified as apps of other languages. Reclassified apps in languages that were not
in the scope of this study were excluded from the analysis.

3.4.1 Proportion of apps by languages

The app description screening classified 27.6% more 10S apps that were relevant to
DM self-management compared with Android apps. English and Mandarin apps
constitute over 80% of apps for DM self-management among the ten languages
spoken by countries with the largest numbers of people with DM on both app
platforms (refer to Figure 3.1). The inclusion of eleven other languages and dialects
prior to screening did not alter the proportion of English and Mandarin apps
significantly. Mandarin apps have the largest proportion of relevant DM self-
management apps on the Android platform, possibly due to the large app user base
and low barriers of entry to the many third-party Android app platforms. English
language DM apps dominate the iOS market.
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Number and proportion of diabetes apps relevant for diabetes self-
management after app description screening

1400

1200

1000

800

600 — 91%

400 — 85%

200

Number of apps for diabetes self-management

Android apps for diabetes self-management i0S apps for diabetes self-management

M English W Chinese M Spanish [Japanese MIndonesian MUrdu M Russian B Arabic EHindi

Figure 3.1 Number and proportion of diabetes apps suitable for diabetes mellitus (DM)
self-management after app description screening

English and Mandarin apps constitute over 80% of apps for DM self-management
among the ten languages spoken by countries with the largest numbers of people with
DM on both app platforms.

3.4.2 Relevance of apps from DM-related search terms to DM self-

management

The proportion of apps relevant to DM self-management was determined by
computing the percentage of apps included after screening the list of apps obtained
from the searches. Overall, the searches conducted using the DM-related search terms
returned with apps that were of low relevance to DM self-management (refer to
Figure 3.2). It was also observed during the apps screening that many apps provided
recommendations or claimed to “cure diabetes” without any supporting evidence.

The iOS apps in Urdu and Hindi were all identified from the English search terms, as
the search terms in these languages did not return any results. There were five or

fewer apps identified for DM self-management in these two languages on each
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platform, and the apps were mainly focused on diet and education. Despite the high
number of apps found using the English search terms, only approximately a quarter
of the apps were determined to be relevant for DM self-management. Mandarin
Android apps have the highest proportion (55.6%) of apps relevant for DM self-
management, possibly due to the additional searches conducted on third-party
platforms that dominate the app market in China, such as Baidu, Wandoujia and 360
Zhushou.

Proportion of apps relevant to diabetes self-management

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%

40.0%

30.0%

20.0%

o ol

0.0% - L

English Chinese Spanish  Portuguese Japanese Indonesian Urdu Russian Arabic Hindi

Proportion of apps for diabetes self-management

App language

B Android ios

Figure 3.2 Proportion of apps relevant to diabetes mellitus (DM) self-management by
language

Overall, the searches conducted using the DM-related search terms returned with
apps that were of low relevance to DM self-management. Mandarin Android apps
have the highest proportion (55.6%) of apps relevant for DM self-management. Only
a quarter of English language apps were determined to be relevant for DM self-
management despite the high number of apps found with the English search terms.

3.4.3 Clinical relevance of DM apps

The profile of apps checked against the list of criteria extracted from the ADA
guidelines is shown in Figure 3.3. The criteria were grouped according to information
provision and app functionality, and apps were colour coded according to language.
Each fulfilled criterion was subsequently coded in the colour corresponding to the
language of the app. The row height of each column shows the logarithm of the

number of Android downloads of the app. The majority of the apps assessed were
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available on both the Android and iOS platforms, but Android apps were assessed
due to the existence of third-party Android platforms in China. Eighteen apps were
assessed across all languages. Except for English, Mandarin and Japanese apps, |
could not find more than two apps with at least information provision or recording
functionality of blood glucose level in other languages. Only one app available in
various Indian vernacular languages (including Hindi and Urdu) met the criteria for

app assessment.

The apps in English and Mandarin had many more users and possessed more
comprehensive DM management functionalities in general, compared with the apps
in other languages. None of the apps assessed met all the criteria for information
provision and app functionalities. Although the English apps were very close to
meeting all of the criteria relating to app functionalities, none of these top
downloaded apps had any form of information provision. Two of the three Mandarin
apps assessed had full information provision, but both apps contained online retail
services and dubious information sources for users. It is also noteworthy that of the
apps with information provision, none of the apps assessed had information cited

from accredited sources.

As blood glucose level information or functionality was set as the basis for selecting
apps for assessment, all of them except for one app had a blood glucose management
functionality. Insulin, food and oral medication logging were found in two thirds of
the apps assessed. Only five out of the eighteen apps allowed the user to set blood

glucose level goals, and only three apps had mood tracking functions.
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Figure 3.3 Profile of apps assessed in ten languages against an American Diabetes Association clinical guideline
derived checklist.

1The app in Hindi and Urdu are the same

The criteria were grouped according to information provision and app functionality, and apps were colour coded according to
language. Each fulfilled criterion was subsequently coded in the colour corresponding to the language of the app. The row height
of each column shows the logarithm of the number of Android downloads of the app.
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3.5 Discussion

The systematic screening identified more than 2000 apps for DM (including T2D)
self-management across ten languages, covering more than half of the world’s
population. These apps are not distributed proportionately across app operating
platforms and the languages assessed. English and Chinese speaking populations
have a greater variety, and more clinically relevant apps to choose from, while other
populations may not have an app of clinical relevance. Despite the large variety of
apps for T2D self-management, none of the apps assessed for clinical relevance
covered all the essential app functionalities and provided information from accredited

sources. Several observations can be derived from our findings.

3.5.1 Perception of health apps influences its adoption

There is potential for mHealth to improve the quality of healthcare in all countries.
However, adoption of this innovation in healthcare lags behind other industries,
which undermines any benefit mHealth can bring to population health. For the
technologically astute smartphone user, health apps can assist in relieving stress from
the demands of managing a newly diagnosed or long-standing chronic disease. A
useful app will enable better collection, organisation, dissemination, and
management of information, which brings convenience and helps in the adjustment
of lifestyle changes. However, the adoption of a health app is dependent on patients’
and clinicians’ perception of its utility. For example, less than a third of the apps
assessed in our study provided information on T2D management, which may imply
either a lack of demand for T2D education or perceived low importance of T2D

education by app developers.

Poor perception of health apps usually arises from a lack of trust in obtaining
information and managing one’s health condition via a piece of software developed
by a third party. Health policymakers should engage the right stakeholders early in

the app development process. For example, involving both patients and clinicians in
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the design of an app can increase the possibility of creating a more clinically relevant,

patient-centred, and user-friendly app.

Improper information dissemination and use of apps can be detrimental to the user.
Miscalculation of insulin doses by an app can potentially be fatal to people with
DM 170 For example, the observation that many apps provided recommendations
or claimed to “cure diabetes” without any supporting evidence could mislead the user
to act inappropriately. Therefore, elements that ensure patients’ and clinicians’ trust
in the use of apps for DM management, such as government support in
implementation, funding, quality assessment, regulation, and interoperability, should

be addressed to improve perceptions of health apps and to drive mHealth adoption.

3.5.2 Health app recommendations should be incorporated into clinical

guidance

The role of the medical professional evolves with technological advancements. With
the easy accessibility of online information, patients are empowered to take a more
active role in healthcare partnership with the physician® 27, For example, patients
can search for medical information online before the consultation and discuss their
newly acquired health knowledge with the physician instead of passively waiting for
the physician to explain the health symptoms. Patients may even ask the doctor for
advice on the use of new technologies (e.g. apps). Therefore, having clinical guidance
would provide physicians with more confidence in recommending relevant

technologies for patients to use outside the clinical setting.

There is a lack of mHealth regulation regardless of the number of apps in a language.
This problem is intensified in countries with a range of health apps for consumers to
choose from. Support from an authoritative body, provision of more guidance on app
selection, and communication between patients and clinicians will enhance the
incorporation of app use into the clinical pathway. Recommendations should
minimally be made based on an available, accredited and clinically relevant app. App

functionalities and content should be assessed to identify potential ‘useful’ attributes
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for the different types of DM self-management, and this information could be used
to create a trusted platform to guide app selection. For example, the US FDA has
issued a consultation on draft guidance for industry and FDA staff°®8, and a digital
innovation action plan to commit to the regulation of digital health products. The
United Kingdom National Health Service launched a beta digital Apps Library in
April 2017 to host approved (from a technical perspective) healthcare apps that can
be trusted by the public?®®. Apps that were listed on the NHS platform were assessed
using a set of tools to ensure its safety and validity.

3.5.3 Populations most in need often do not have access to technology

The inverse care law, which states that “the availability of good medical care tends
to vary inversely with the need for it in the population served” was observed in the
use of mHealth?® 2%, Rural populations, and those living in LMICs, have lower
access to medical resources and have a greater need for alternative solutions such as
health apps. Our study, however, showed that their needs were not catered for. For
example, there were very few DM (and T2D) self-management apps in Hindi, Urdu
and Bahasa Indonesian despite a large number of people with T2D residing in these
countries. The most highly downloaded apps in these languages were also not as
comprehensive as English language and Mandarin apps. Although studies have
demonstrated the ability of technology to improve access to care, inequality is still
high between the young and old, and more and less deprived populations®®. Apps
with elderly-friendly features are needed?’*, as the elderly population is capable of
adopting mHealth. While e- and m-commerce have grown tremendously in China,

mHealth presents more challenges in terms of pricing and regulations?’.

Under-developed app markets can focus on creating high-quality apps through
partnerships, learning from examples, and translation of high-quality apps to context-
specific content and languages for the population of interest. As only 12% of the
Indian population speak English, most of the older and rural Indian population rely

on vernacular language for communication. However, most Indian apps for DM self-
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management only have an English description, which implies that the app user has to
be proficient in English to use an app in a vernacular language. The lack of apps in
vernacular languages presents a significant gap as future internet and smartphone
populations in India will be older, more rural, more gender-balanced and more
vernacular. There were a few apps that were translated into various Indian vernacular
languages, but no single or combination of apps covered the full spectrum of DM
self-management. An example is the ‘Humrahi’ app (identified from the app
screening and app assessment) which educates patients and caregivers on DM care.
Translation of app languages will improve the adoption of apps and enable broader

population coverage.

3.5.4 Future directions

As DM is a complex disease, a stand-alone app is less likely to be effective in helping
the patient achieve good DM treatment outcomes. A good app should be tailored to
users’ requirements and supported by healthcare-affiliated systems. In addition,
governments or insurers can consider reimbursing health apps that have shown to be

effective in disease management to better integrate apps into the overall care path.

With continuous technology advancements, healthcare professionals have to keep
abreast of the latest health technologies to relate to different segments of the
population. Medical schools will also have to continuously update their curriculum
and teaching pedagogies to prepare future healthcare professionals for the digitised
world?™ 274, Medical students should be familiarised with technology use, be taught
to communicate effectively with empowered patients, and be informed of the latest
regulatory updates on the use of these technologies.

Moving forward, mHealth in DM care should focus more on the safety and
effectiveness of apps in DM care. Frameworks should be in place to control the
quality of apps used for chronic disease management. The reliability of the
educational content or advice given by the app is of paramount importance, as such

information can potentially elicit behavioural change!’*. For example, DM apps can
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be checked for the advice given on acute complications surrounding blood glucose
fluctuations, and the prevention and management of complications and
multimorbidities. These frameworks should also be regularly updated according to
accepted DM guidelines to keep up with the evidence base. | have since developed a
tool to systematically assess the content, features and reliability of T2D apps, which

will be discussed in Chapters 4 and 5.

3.5.5 Limitations

There are some limitations to this study. First, description screening enables the
identification of potential apps for DM self-management, but not the utility of the
app, as the usability and content of the apps were not assessed. Second, the number
of apps in the market increases quickly, limiting any precise estimation of app
numbers. Third, apps with multiple language versions may be counted more than
once. Apps intended for the Indian or Pakistani population may also be described in
English, but the screening does not enable the identification of the country of origin
of the developer, thus limiting the classification of the apps by country. Lastly,
relevance to DM self-management is context-specific and dependent on individual

needs, but this study covered a broader range of apps to account for different needs.

3.6 Conclusion

In conclusion, every patient with DM who has a smartphone and speaks one of the
above ten languages can access an app for DM self-management. English and
Mandarin literate people with DM will have more app choices to self-manage DM
but may face challenges in selecting the most suitable app. A larger variety of health
apps can cater to more diverse user needs, but too many unregulated apps that do not
meet user expectations may lead to app fatigue and erosion of trust in this mode of
support for DM care. In low resource settings, one high-quality app for a specific
population may suffice to complement DM care. While there is an app for everyone,
not everyone can have an app. The future of mHealth is rosy with the rise in

smartphone ownership and an increase in positive evidence. The onus is on
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governments and regulators to develop minimum quality standards and quality
assurance processes (e.g. through curation, certification, etc.) to assist the industry,
clinicians and patients alike and drive mHealth adoption.
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Chapters 4 &5

(Two articles comprise Chapters 4 & 5)

Medication management support in diabetes: A
systematic assessment of diabetes self-management

apps
This article has been published as

Huang Z, Lum E, Jimenez G, Semwal M, Sloot P, Car J. Medication management
support in diabetes: a systematic assessment of diabetes self-management apps.
BMC Medicine. 2019;17(1):127. https://doi.org/10.1186/s12916-019-1362-1

The contributions of the co-authors are as follows:

e | (ZH) conceptualised, developed and refined the medication management diagram and
app assessment criteria; screened and assessed apps; cleaned, analysed and interpreted
data; drafted and revised the manuscript.

e Dr Elaine Lum (EL) co-conceptualised the medication management diagram; provided
critical input into the developed app assessment criteria; assessed apps; interpreted data;
revised the manuscript.

e Mr Geronimo Jimenez (GJ) refined the app assessment criteria; assessed apps; obtained
access to restricted apps; interpreted data; revised the manuscript.

e Dr Monika Semwal (MS) contributed to the development of app assessment criteria;
assessed apps; reviewed the draft manuscript.

e Prof Peter Sloot (PS) provided critical input to the study and draft manuscript.

e Assoc Prof Josip Car (JC) conceptualized the overall study; obtained the funding;
supervised the team; provided critical input into all stages of the study; critically
reviewed the draft manuscript.

e | would also like to acknowledge Dr Ming Keat Sng (MKS), Dr Li Li (LL), and Ms My
Linh Thai (MLT) for their input in piloting and refining the app assessment criteria; Ms
Christina Tan (CT) and MLT for their assistance in app assessment.

*Rights to reuse this article in my dissertation was obtained from the publisher
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Medication management apps for diabetes:
Systematic assessment of the transparency and
reliability of health information dissemination

This article has been published as

Huang Z, Lum E, Car J. Medication management apps for diabetes: Systematic
assessment of the transparency and reliability of health information dissemination.
JMIR Mhealth Uhealth 2020;8(2):e15364. https://doi.org/10.2196/15364

The contributions of the co-authors are as follows:

I (ZH) conceptualised, developed and refined the adapted HONcode app assessment
criteria; screened and assessed apps; cleaned, analysed and interpreted data; drafted and
revised the manuscript.

e DrElaine Lum (EL) co-conceptualised and provided critical input into the developed app
assessment criteria; assessed apps; interpreted data and revised the manuscript.

e Assoc Prof Josip Car (JC) conceptualised the overall study; obtained the funding;
supervised the team; provided critical input at all stages of the study; and critically
reviewed the draft manuscript.

e | would also like to acknowledge Mr Geronimo Jimenez (GJ) for his input in piloting

and refining the app assessment criteria; and Ms Christina Tan (CT), Ms My Linh Thai
(MLT) and GJ for their assistance in app assessment.
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Chapter 4

Medication management support in Type 2
diabetes: A systematic assessment of diabetes
self-management apps (Study methods)

This chapter describes the motivation, objectives and method employed for the
systematic assessment of medication management features in T2D self-management
apps. Searches for English language apps were conducted in the Apple and Google
Play stores using diabetes search terms, and those with both medication and blood
glucose management features were downloaded and evaluated against assessment
criteria; (1) derived from international medication management and diabetes
guidelines, and (2) adapted from the Health on the Net code of conduct (HONcode)
principles. Apps were then grouped by platform (i.e. Android, i0S) and profiled

according to each criterion using descriptive statistics.

4.1 Motivation for the study

Medication adherence, broadly understood as the act of taking medicines as
prescribed by the healthcare provider, is paramount for achieving treatment goals”™
for chronic diseases such as T2D. However, studies have shown that approximately
33% of oral medications and 38% of insulin for T2D were not taken prescribed” ™
due to forgetfulness, inconvenience, negative treatment beliefs, fear of injections and

a myriad of other personal and health system factors®!.

Medication management strategies have been developed and implemented to assist
people in adhering to their medications. Successful strategies for T2D include
education on disease management'®’, simplification of dosing regimen®,
counselling, reminders, or a combination of these methods’® 112, Despite having these
strategies in place, success rates vary according to the duration of the disease, ease of
implementing the strategies, and the reason for medication non-adherence’ 2’6, The

appropriate strategy has to be applied to tackle different reasons for medication non-
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adherence. Unintentional non-adherence such as forgetfulness can be tackled by
reminding patients to take their medication, while intentional non-adherence
requiring behavioural change can be tackled with knowledge transfer and effective

communication?’®

. On top of that, the social environment exerts considerable
influences on patients’ medication-taking behaviour®® 277, Being in a supportive
network can improve the motivation, coping, and psychological well-being of a
person with chronic illness, which indirectly translates to better self-management?”’.
For example, a supportive spouse can provide verbal encouragement and help to
facilitate medication adherence. However, social interactions may also influence
negative behaviour in chronic illness management. Friends and family members may
behave in an unsupportive way (e.g. discarding the patient’s medications), offer
advice that conflicts with self-management due to misconceptions, or promotes

unhealthy behaviour (e.g. encouraging excessive alcohol intake)?’’.

Digital solutions have been studied in the past 20 years to assist in medication
adherence. Although research has shown that mobile text messaging can double the
odds of medication adherence in chronic diseases*!, more successful interventions
often involved the use of two-way communication'*® and were tailored to individual
needs!#> 1%, One-way communication in this context refers to the patient receiving
the reminder only, while two-way communication refers to the patient receiving the
reminder and replying to confirm whether the medication was taken. A meta-analysis
found that two-way text messaging were significantly better at improving medication
adherence compared with one-way text messaging“®. These studies suggest the need
for innovation and a combination of measures that go beyond basic reminders to

improve medication adherence.

Smartphone apps have gained popularity in T2D self-management in recent years.
Compared with SMS reminders, smartphone apps have the advantage of performing
more sophisticated medication management functions such as pill organisation,
tracking of medication-taking, information provision, and adherence assessment*!2,
For example, smartphone apps can help the user to access medication information at

the point of care conveniently!'®, track missed and skipped doses, and reduce the cost
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112

of traditional medication adherence interventions*'. These features were not

available with SMS reminders.

With the rise in the number of smartphone users®? 28 and integration of smartphone

apps in daily living*®

, a myriad of apps were developed to assist people in adhering
to their medications. Despite the large number (approximately 400) of accessible and
free apps for medication self-management in the app market in recent years!*, the
majority of these apps lacked useful and desirable features for medication
adherence!*®. According to national digital health consumer surveys, only 11% of
respondents tracking health goals tracked their medications''3. Medication adherence
is also least likely to be tracked in an app (10%) amongst other trackable health-

related metrics like physical activity, heart rate and sleep'*.

Motivation for assessing the medication management features of T2D apps

Currently, the large number of available T2D management apps provides an
opportunity to support medication management but also represents missed
opportunities to improve care for people with T2D with the gaps that fall short of
users’ needs?’®. It is unclear if T2D apps are adequately incorporating medication
management strategies and if app features are aligned with best-practice evidence-
based recommendations®°. Improvements in app quality and utility can only be

realised if gaps in-app features are identified.

Motivation for assessing the reliability and transparency of T2D apps

While conducting the global DM app assessment study, | encountered apps that
claimed to “cure” or “reverse” diabetes. Although the two major app stores (i.e. Apple
and Google Play) review apps prior to publication (refer to Appendix 2 for pre-review
app publication checklists of Apple and Google Play app stores), many apps that do

not conform to the pre-review checklist fall through the net and are published.

The regulation of app stores also falls outside the purview of governmental agencies
such as the U.S. FDA%!, Only a small subset of apps that pose higher risks to patients
and meet the regulatory definition of “device” are regulated by the FDAL"> 180, 181,

Therefore, apps with inaccurate content or inappropriate advertisements may still be
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published and be available to consumers'’® 282 28 For example, a 2019 study
assessing the content of suicide and depression apps found six apps that offered
incorrect crisis helpline numbers, which may pose a serious risk to users?®*. Another
earlier study assessing the content of asthma apps found that 77% of apps with
advertisements advertised products that were unrelated to health?®?. The lack of
transparency regarding an app’s source of content may cast doubt on the reliability
of the information it disseminates'®® 182183 ‘and can potentially mislead or bring harm

to patients who have lower health literacy8.

Concerns over the credibility and reliability of online health information sources
began to surface in the early days of Internet usage?® 2%, The Health On the Net code
of conduct (HONcode), with eight principles (i.e. Authoritative, Complementarity,
Privacy, Attribution, Justifiability, Transparency, Financial disclosure and
Advertising policy) for website certification, was developed to help guide and
standardise the reliability of health and medical information published on the
Internet?®’. As the current reliability and transparency of information disseminated
via these apps are unknown, adapting these principles for app assessment will provide

an overview, and help to identify gaps in this area.

4.2 Objectives

The objectives of this study are (1) to construct a diagram linking good medication
management practice with possible app features; (2) systematically assess and
characterise the medication management features in T2D self-management apps and
their congruence with best-practice evidence-based criteria; and (3) systematically
assess the transparency of information disseminated via these apps against the eight

criteria adapted from the HONcode principles.
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4.3 Methods
4.3.1 Development of app assessment criteria and diagram

Statements from international medication management guidelines and literature were
extracted based on their applicability to chronic disease self-management8®: 101, 288-295
As app use was not recommended in any medication management guidelines, app
features that were deemed to be desirable for a medication management app (e.g.
allowing the medication-taking schedule to sync with the phone calendar), but were
not found in international medication management guidelines were included in the

classification.

Similar concepts (i.e. factors) were grouped, mapped with possible app features and
assigned a group heading for classification purposes. The groups of app features were
then linked by adapting the diagram from Stowasser’s medication management
pathway?%®, which describes consumer-focused cognitive and physical steps involved
in the use of medicines?®. For example, the process “Monitor for response” in
Stowasser’s diagram was termed as “Adherence and Monitoring” in my diagram.
Possible app features that can support medication adherence and monitoring were
listed and classified under this category. The development of this diagram was an
iterative process as new features of medication management apps were identified and
added through the app assessment process. Figure 4.1 illustrates the relationship
between the factors for good medication management practice and possible app

features.
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Medicineis
prescribed
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schedule/ reminder

* Syncs medication schedule with
smartphone’s calendar

= Allows input of multiple medications

= Hasavariety of dosage input options

= Allows medication-taking
instructions to be entered

= Allows purpose of medication tobe

entered

Carer’s involvement
= Supports multiple user profiles
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Allows user to document side effects
App assesses medication adherence
or allows user tocompare planned
medication schedule against actual
medication-taking

Reminders and motivation
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= Reminds user torefill prescription

= Reminds user tocheck medication expiry dates

= Provides encouragement when medications are taken
= Reinforces theimportance of medication adherence

Figure 4.1 Diagram of app features mapped with factors for good medication
management practice

Statements from international medication management guidelines and literature were
grouped according to adaptations from Stowasser’s medicines management pathway.
App features were then mapped with the groupings to link the features into a medication
management pathway. The mapped features were used to develop evidenced-based
criteria for app assessment. Different box colours were used to differentiate layers of the

medication management app pathway.
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The possible app features for T2D self-management (from Figure 4.1) were
developed into app assessment criteria (Table 4.1). Each assessment criterion was
mapped back to medication management guidelines. For example, the assessment
criterion “The app allows users to assess medication adherence by comparing planned
and actual medication-taking”, operationalised through the app’s logging and
tracking features, was mapped to guidelines recommending clinicians to “Routinely
assess adherence during prescribing, dispensing, and reviewing medicines” for

medication adherence.

The eight HONcode principles (i.e. Authoritative, Complementarity, Privacy,
Attribution, Justifiability, Transparency, Financial Disclosure and Advertising
Policy) were adapted and termed the App-HONCcode criteria to suit the context of
health apps and app assessment.

All app assessment criteria had binary responses (Yes/No) for consistency, except for
App-HONCcode criteria “Attribution” and “Justifiability”. The “not applicable” option
was included for these two criteria to account for apps that did not provide health
information within the app.

I developed the initial version of the app assessment criteria and Figure 4.1 with
detailed input from two pharmacists (EL and MS) with extensive research experience
in medication adherence. EL also had more than ten years of experience working as
a hospital and community pharmacist in Singapore and Australia. The earlier versions
of the criteria were subsequently piloted among the app assessment team members
with highly downloaded (>100,000 downloads) apps for T2D management to refine
and improve the clarity of the assessment criteria. The app assessment team
comprises members with medical, pharmacy, psychology, bioethics, health
economics, and public health background. Unclear statements were discussed among
app assessment team members until a consensus was reached (refer to section 4.3.2
on the procedures of app assessment). The refined criteria then received input from
by a range of healthcare professionals and academics from various healthcare

disciplines and nationalities.
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The final assessment criteria are shown in Tables 4.1(Criteria developed from

international diabetes and medication management guidelines and literature) and 4.2

(App-HONCcode criteria).

Table 4.1 App assessment criteria with the corresponding guidance/evidence extracted

from international diabetes and medication management guidelines and literature. This set

of assessment criteria focuses on but is not limited to Type 2 diabetes.

SIN App Assessment Criteria Excerpt of ext_rgcte_d Supporting
guidance/ Justification references
1 Planning and organisation
86, 289, 293, 295
The app has a feature that allows the user to Reduce dosing
11 d_isplay scheduled medications as Qiﬁerent complexity
visual compartments (e.g. visual pillbox in Use blister or
the app) compartmentalised boxes
The app has a feature that allows the user to to reduce qlc_)smg
1.2 | switch between daily and weekly medication complexities
schedule displays
The app has a feature that allows the user to
schedule medication-taking on alternate
1.3 | days (e.g. Pill A on Monday, Wednesday,
Friday; Pil B on Tuesday, Thursday,
Saturday etc.)
. 86, 288, 289, 293,
14 The app has a feature that enables the user Planning and 205
' to enter the purpose of the medication organisation
The app has a feature that allows the user to Develop an individualised,
1.5 | enter special instructions for the medication documented self-
(e.g. to be taken before food) . ma_nagement pllan
including the plan's start
The app has a feature that allows the user to and review date,
16 | organise “take as needed” medications in a conditions being
" | separate section from medicines with a fixed | Managed, description of
regimen the medication (frequency,
dose, strength,
The app has a feature that allows the user to instructions, known
1.7 | enter/log at least 4 different medications at | reactions, allergies, and
any given time length of treatment)
The app has a variety of dosage input
1.8 | options (e.g. subcutaneous insulin for
diabetes, oral medications)
The app has a feature that allows the user to
1.9 | document allergies (i.e. via prompts/greyed
out instructions or a separate tab)
For user convenience,
The app has a feature that allows the user to eliminating the need to
1.10 | sync the medication-taking schedule with | open a separate calendar
their phone calendar to view the medication
schedule.
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2 Adherence and monitoring
Oral tablets may be
prescribed as a fraction of
The app has a feature that allows the user one_t;';\n(;j liquids ari_ d
21 to record the fraction of an actual pill or pr?scrl eA as ?hs??jm Iet
) volume of a liquid medication prescribed VoaLljlrgv?/.thiZR;ill t?e Ié)sgo
i.e. ¥ pill or 5 ml of syrup) to be recorded.
(le.%p yrup) helpful and could
introduce errors.
M . . 86, 288, 289, 293,
onitorin
55 | The app has a feature that allows users to —g 295
' document medication-intake Record medicines taken,
self-monitor the condition
and report all adverse
The app has a feature that allows users to reactions.
23 record notes on any medication event (i.e. a
) “note/comment” section at the logging page
or as a separate tab)
The app has a feature that allows users to
24 document medication side-effects (i.e. via
' prompts/greyed-out instructions or a
separate tab)
86, 289, 292, 293,
The app has a feature that assesses Adherence assessment | g
medication adherence by comparing Routinely assess
2.5 | planned and actual medication-taking (e.g. adherence during
the app generates a weekly percentage of prescribing, dispensing,
adherence or has a visual display). and reviewing medicines.
3 Information provision
. . 288, 292, 293,
The app has a feature that provides users Information provision | 295
3.1 | with _info_rmation about the prescribed Repeatedly offer clear,
medication understandable, and
relevant information about
) the medication prescribed.
The app has a feature that provides users Provide resources to
3.9 | With resources (in-app or external link) to enable information about
access information about the prescribed medication to be obtained.
medication
4 Complementary medicines
288, 292, 293,
Complementary 205
41 | The app has a feature that asks users about medicine
the use of complementary medicines Take into account all
complementary medicines
the person is taking or
The app has a feature that flags possible using, and its purpose.
4.2 | contraindications with the use of

complementary medicines
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5 Reminders
288, 292, 293,
Reminders 295
T h ‘ hat all Reminders have shown to
51 € app ?Sda e:—%\ture tk ata 0;\/_5 users to improve adherence to
set up reminders for taking medications medicines despite
inconclusive evidence.
Refill medication
Prescription refill is an
indirect method for
52 The app has a feature that allows users to measuring medication
' set up reminders to refill prescriptions adherence and could alert
prescribers and
pharmacists to problems
of adherence.
6 Motivation
289, 292
Behavioural change
The app has a feature that motivates users Positive reinforcements
6.1 throggh_statements on the importance of are important in sustaining
medication adherence behavioural change
(Guidelines). Providing
consequences and
benefits of effective
medication adherence
helps the patient to
The app has a feature that provides understand the need and
6.2 | €ncouragement when medication is taken to establish motivation to
"“ | on schedule (i.e. encouraging messages, adhere to medication.
“badges or awards”) Positive reinforcements
are important in sustaining
behavioural change.
7 Caregiver’s involvement
86, 289, 293, 295
The app h_as a feature that allows users to Carer's involvement:
7.1 | sync medication-taking schedule with -
caregiver's phone Keep an up-to-date list of
all medicines the patient is
) taking and take note of
The app _has a feature tha_lt supports multiple any allergic or adverse
7.2 | user profiles (e.g. for family members or reactions to medicines.
carers)
8 Communication with a healthcare provider
. . . 86, 289, 292, 293,
Communication witha | ..
health provider
The app has a feature that allows users to i
8.1 | contact a healthcare provider regarding Establish the most

gueries on medication

effective way of
communicating with each
patient.
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9 Communication with the health system

86, 288, 289, 293,

Communication 205

within/across health
settings

Health and social care
practitioners should share
relevant information about

the person and their
medicines when a person
transfers from one care
setting to another. Use the
most effective and secure
way with one or multiple
approaches, such as
secure electronic
communication.

The app has a feature that supports data
9.1 | export

Legend: CG76: Medicines adherence: involving patients in decisions about prescribed medicines and
supporting adherence®; NG5: Medicines optimisation: the safe and effective use of medicines to
enable the best possible outcomes?®; NCCPC: medicines and supporting adherence [Full guideline
and evidence] %9 King’s fund: Polypharmacy and medicines optimisation: Making it safe and
sound?®3; AHRQ (Evidence Report)???; APAC: Australian Pharmaceutical Advisory Council Guiding
principles for medication management in the community2®®

Table 4.2 Adapted HONcode (App-HONcode) criteria for health app assessment

Attribute HONcode App-HONCcode criteria Options

Does the app indicate the

The qualifications of qualifications of specific
q individuals who

Authoritative the authors are . Yes/No
T developed or contributed
indicated

to the development of the
app?

Is there a disclaimer
stating or which implies
that the information

provided and/or app Yes/No
functions do not replace

Information should
support, not replace,

Complementarity the doctor-patient

relationship the healthcare provider's
advice?
Respect the privacy
and confidentiality of Is there a privacy and
Privacy personal data confidentiality clause in Yes/No
submitted to the site the app?

by the visitor

Cite the source(s) of

published Are information sources in
Attribution information, date the app cited? Yes/No/NA
medical and health ’
pages
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Are the claims relating to
Justifiability: Site benefits and performance
I must back up claims in the app description
Justifiability relating to benefits backed up by evidence? Yes/No/NA
and performance (Answer “NA” if there are
no claims)
Accessible
Transparenc presentation, Are the developers ves/No
P y accurate email contactable by email?
contact
Does the app indicate any
. . . . funding sources? ("Yes" if
dFiISr::?:SCllj?(la Ider;t:)fh/rfcuensdmg the app is managed by a Yes/No
registered commercial
company)
- Clearly distinguish Are adverts
Advarit(l:smg advertising from distinguishable from the :gjg?!{?slmo
policy editorial content content of the app? 9

4.3.2 Apps selection and assessment

The methods in this study were adapted from principles of a systematic review to
minimise bias. A systematic review uses systematic methods to appraise or synthesise
findings. Steps to conduct a systematic review include framing the research question,
devising a search strategy, screening and selecting studies with pre-defined criteria,
extracting data from selected studies and summarising and evaluating the quality of

extracted data®®” 28,

Search strateqy

Diabetes terms were searched to capture apps marketed as DM self-management
apps. The Google Play and Apple app stores were searched in June 2018 via an app
market explorer (https://42matters.com/), which covers both app stores in 55
countries. The search terms used in the English language were “(Diabetes OR
Diabetic OR Diabetics) OR (glucose OR glycaemic OR glycemic OR blood sugar
OR HbA1lc OR Alc) OR insulin”. A list of app titles and descriptions was produced

for screening.
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Screening
The inclusion and exclusion criteria were scoped to fit the aim and objectives of the

study. App titles and descriptions were screened for inclusion and exclusion using
the following process: a random sample of 100 apps were first screened by two
researchers to ensure consistency in the interpretation of the inclusion and exclusion
criteria. Differences in interpretation were resolved via consensus discussions. The
list of 100 apps was re-screened until an inter-rater agreement of above 80% was
achieved. Disagreements that cannot be resolved during between the two reviewers
were discussed with all team members. Unclear titles and descriptions were
conservatively included for downloading and re-screening. Apps available on both
the 1I0S and Android platforms were treated as unique apps due to possible

differences in versions across platforms.

The following inclusion and exclusion criteria were used:

Inclusion criteria:

* Apps with medication self-management features
* Apps with any blood glucose logging features
* Apps in the English language

» Free apps and apps requiring payment

Exclusion criteria:

» Patient health portals linked to patients’ electronic health records

» Apps that were not updated after January 1, 2017

» Apps intended for healthcare professionals

*  Apps including insulin calculators/bolus correctors only

» Apps requiring exclusive blood glucose monitoring device tie-in

* Apps duplicated on the same platform

* Apps with regional restrictions

» Technical problems (e.g. crashes, screen hangs, unable to login, unable to

download)
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App assessments

The medication management features of selected apps were evaluated against the app
assessment criteria. Three apps with extensive features were selected to pilot app
assessment and refine the assessment criteria. Daily hands-on sessions (2 weeks)
together with weekly meetings were used to refine the criteria, to resolve
divergent/different interpretation of criteria when assessing the apps, and to calibrate
app assessment between six team members. The pilot was concluded when at the end
of 2 weeks and team members were highly consistent in the app assessments (over

90% agreement) using the refined criteria.

All apps that were screened to be eligible based on their title and description were
then downloaded for re-screening. This step was split among six team members
(refer to Appendix 3 for the list of smartphones and their OS systems). Reasons for
excluding the re-screened (downloaded) apps were noted by individual team
members and discussed for consensus during team meetings. These discussions were
documented in a codebook to ensure consistency in the app assessment process. App
developers were contacted for access to restricted apps that were free to download.
Apps that could not be accessed within a month of contact were excluded from the
study. Free apps which offered additional features upon payment were evaluated with

the additional features.

4.3.3 Statistical analysis

Screening
Cohen’s Kappa was used to calculate the inter-rater agreement between two

researchers during the screening process. An agreement score between 0.6 — 0.8
represents a reasonably good agreement between the reviewers?®®; a cut-off score of

0.8 was used in this study due to the broad inclusion criteria.

App assessments

Apps were grouped by platform (i.e. Android, iOS) and profiled according to their

features (i.e. reminders, tracking, monitoring) and each App-HONCcode criterion
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using descriptive statistics. Only Android apps were further classified by the number
of downloads (i.e. >100,000 downloads, <100,000 downloads) as information on the
number of downloads were not available for i0OS apps. The cut-off was set at
>100,000 downloads as approximately 5% of Android apps achieved more than
100,000 downloads. Pearson’s Chi-Square test was used for comparisons between
groups, and a two-tailed Fisher’s exact test was used where the expected count is less
than five in a group. Statistical significance was set at P-value < 0.05. All analyses
were performed using SPSS version 222%,
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Chapter 5

Medication management support in Type 2
diabetes: A systematic assessment of diabetes
self-management apps (Results and
Discussion)

Following a description of the motivation, objectives, and methods employed for app
assessment in Chapter 4, this chapter describes the results of app selection,
characteristics of included apps and additional findings (i.e. issues observed) from
the app assessments. The main results are then discussed with prior work
comparisons, followed by discussions about study limitations, implications and
recommendations for future work. Finally, this chapter ends with a conclusion of the

app assessment study detailed in Chapters 4 and 5.

5.1 Results

The search terms yielded 3369 Android and 1799 iOS apps. After title and description
screening, 191 (5.7%) Android and 160 (8.9%) iOS apps remained for downloading.
Apps were further excluded due to their unavailability, exclusive device tie-in
requirement, technical issues, failure to meet the inclusion criteria (i.e. non-English),
and duplication on the same platform. Restricted apps that were inaccessible due to
non-response from the developers were also excluded from the study. Finally, 143
apps (81 Android, 62 iOS) were downloaded and assessed against the app assessment

criteria (Figure 5.1).
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App titles from search terms: 4876
Android: 3369
i0S: 1799

v
After description screening: 351
Android: 191
iO0S: 160

Excluded on 2" screening: 208
Technical issues: Android: 12;i0S: 5
Device tie-in: Android: 7;i0S: 4

Not available at assessment: Android: 10;i0S: 11

\4

Regional restriction: Android: 13;i0S: 10

Do not meet inclusion criteria: Android: 35;i0S: 21

Same platform duplication: Android: 33;i0S: 47

\ 4
Final apps assessed: 143
Android: 81

i0S: 62

Figure 5.1 Flowchart for app selection

The search terms “(Diabetes OR Diabetic OR Diabetics) OR (glucose OR glycaemic OR
glycemic OR blood sugar OR HbA1c OR A1c) OR insulin” yielded 4876 results from the app
market explorer (https://42matters.com). After screening the app descriptions for relevance*,
351 apps were downloaded for assessment; 208 of these apps were excluded due to (i) technical
issues, (ii) device tie-in, (iii) non-availability at time of app assessment, (iv) regional restriction,
(v) failure to meet inclusion criteria on second screening, and (vi) duplication of apps on the
same platform. Finally, 143 apps (81 Android; 62 iOS) were fully assessed against the app
assessment criteria in Table 5.1.

*Relevance refers to meeting the inclusion and exclusion criteria listed in Section 4.3.2 (i.e. apps

intended for T2D medication management, targeted at people with limited healthcare
knowledge.
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5.1.1 Characteristics of included apps (medication management

features)

The frequency of app features grouped by each platform is shown in Table 5.1

below.

Planning and organisation

More than two-thirds of the apps allowed users to input insulin doses (86.0%,
123/143) and record multiple medications (68.5%, 98/143), while less than half of
the apps allowed users to input special instructions (39.9%, 57/143) or the purpose
(29.4%, 42/143) of the medication. A low proportion of the apps supported users in
managing dosing complexities with digital visual compartments (4.9%, 7/143),
toggling between daily and weekly displays (2.8%, 4/143), and pre-setting complex
medication schedules (25.9%, 37/143). Few apps also specifically asked the user to
document allergies (3.5%, 5/143) or allowed the user to sync medication schedules
with the smartphone’s calendar (4.9%, 7/143). No differences in the app features

were observed between the operating platforms.

Monitoring and adherence

A significantly higher proportion of iOS apps had a basic medication tracking feature
(Android: 70.4%, 57/81; iOS: 88.7%, 55/62; p=0.008) compared with Android apps.
Although the note-taking feature of the apps (49.0%, 70/143) allowed free text entry,
very few specifically asked the user to document medication side-effects (3.5%,
5/143). More than half of the apps allowed the recording of dose fractions (58%,
83/143), but 16.8% (24/143) allowed the user to review medication adherence by

comparing planned and actual medication-taking.

Medication information

Few apps provided in-app medication information (8.4%, 12/143) or external
resources to medication information (5.6, 8/143%). Two iOS apps prompted the user
on the use of complementary medicine, but none of these apps was able to flag

possible contraindications with the use of complementary medicines.

96



5. Systematic assessment of Type 2 diabetes self-management apps (Results and Discussion)

Reminders, motivation and caregiver’s involvement

Slightly more than half of the apps (58.0%, 83/143) had a medication reminder
feature. Few apps were able to remind the user to refill their medication (11.1%,
9/143); reinforced the importance of medication adherence (5.6%, 8/143); or
encouraged medication-taking as scheduled with motivational messages (4.2%,
6/143). There were also very few apps that supported caregiver’s involvement, such
as supporting multiple user profiles (15.4%, 22/143) or enabling data syncing with a
caregiver’s phone (6.3%, 9/143).

Communication with provider and health system

Few apps allowed the user to ask a health professional questions about medications
(11.2%, 16/143). For one-way data sharing, a significantly higher proportion of iOS
apps had data export features (Android: 55.0%, 44/81; iOS: 72.6%, 45/62; p=0.036).
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Table 5.1 Frequency of app features grouped by platform

All apps | Android i0Ss i
SIN App features (n=143) | (n=81) | (n=62) vegue
(%) (%) (%)
The app has a feature that allows the
user to display scheduled 3
11 medications as different visual 7 4 1.000"
' compartments (e.g. visual pillbox in (4.9) (4.9) (4.8) '
the app)
The app has a feature that allows the
user to switch between daily and 4 3 1
1.2 | weekly  medication  schedule 0.633"
displays (2.8) (3.7) (1.6)
The app has a feature that allows the
user to schedule medication-taking
on alternate days (e.g. Pill A on 37 24 13
1.3 s 0.241
Monday, Wednesday, Friday; Pill B (25.9) (29.6) (21.0)
on Tuesday, Thursday, Saturday
etc.)
The app has a feature that enables 42 29 20
1.4 | the user to enter the purpose of the 0.507
5 medication (29.4) (27.2) (32.3)
g
2 The app has a feature that allows the
S user to enter special instructions for 57 33 24
® | 1.5 | medication (e.g. to be taken before 0.806
@) (39.9) (40.7) (38.7)
food)
©
c
I
=2 The app has a feature that allows the
= user to organise “take as needed” 12 6 6
S | 1.6 | medications in a separate section 0.628
]
o from medicines with a fixed regimen (8.4) (7.4) 9.7)
The app has a feature that allows the
17 |userto enter/log at least 4 different 98 56 42 0.859
’ medications at any given time (68.5) (69.1) (67.7) ’
The app has a variety of dosage
input options (e.g. subcutaneous 123 66 57
1.8 | insulin for DM, oral medications) 0.074
(86.0) (81.5) (91.9)
The app has a feature that allows the
user to document allergies (i.e. via 5 4 1
1.9 | prompts/greyed out instructions or a 0.389"
separate tab) (3.5) (4.9) (1.6)
The app has a feature that allows
the user to sync the medication- 7 2 S
1.10 . . . 0.239"
taking schedule with their phone (4.9) (2.5) (8.1)
calendar
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The app has a feature that allows
the user to record the fraction of an

g e 83 45 38
2.1 actual pill or volume of a liquid 0.491
medication prescribed (i.e. ¥ pill or (58.0) (65.6) (61.3)
5 ml of a syrup) to be recorded.
The app has a feature that allows 112 57 55
2.2 users to document medication- 0.008*
g intake (78.3) (70.4) (88.7)
c
g The app has a feature that allows
< users to record notes on any
2 23 medication event (i.e. a 70 35 35 0.116
- ' “note/comment” section at the (49.0) (43.2) (56.5) )
IS logging page or a as a separate
g’ tab)
‘% The app has a feature that allows
) 24 users to document medication side- 5 4 1 0.3897
= ' effects (i.e. via prompts/greyed-out (3.5) (4.9) (1.6) '
instructions or a separate tab)
The app has a feature that assesses
medication adherence by comparing
25 planned and actual medication-taking 24 17 7 0.175
’ (e.g. the app generates weekly (16.8) (21.0) (11.3) '
percentage of adherence or has a
visual display).
The app has a feature that provides 12 6 6
c 3.1 users with information about the 0.628
S5 prescribed medication (8.4) (7.4) (9.7)
T 5
€S .
s ° The app has a feature that provides
€ 9 32 users with resources (in-app or 8 4 4 0.7277
' external link) to access information (5.6) (4.9) (6.5) '
about the prescribed medication
- The app has a feature that asks 2 0 2
§ ol 41 users about the use of 0.186"
S 2 complementary medicines (1.4) (0.0) (3.2)
Eo
L5
g' g The app has a feature that flags 0 0 0
o 4.2 possible contraindications with the 1.000"
© use of complementary medicines (0.0) (0.0) (0.0)
The app has a feature that allows 83 47 36
n 5.1 | users to set up reminders for taking 0.996
o medications (58.0) (58.0) (58.1)
g
=
& The app has a feature that allows 9 6 15
5.2 users to set up reminders to refill 0.782
prescriptions (11.1) (9.7) (10.5)
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The app has a feature that
6.1 motivates users through statements 8 3 S 0.2937
- ' on the importance of medication (5.6) (3.7) (8.1) '
o adherence
g
B The app has a feature that provides
= encouragement when medication is 6 3 3
6.2 taken according to schedule (i.e. 1.000"
encouraging messages, “badges or (4.2) (3.7 (4.8)
awards”)
The app has a feature that allows
0 users to sync their medication- 9 S 4
el 7.1 . ; o 1.000"
~ @ taking schedule with a caregiver's (6.3) (6.2) (6.5)
0 IS phone
=2 O
o=
= g The app has a feature that supports 22 11 11
o= 7.2 multiple user profiles (e.g. For 0.494
family members or carers) (15.4) (13.6) 17.7)
£5
23T
c >
S The app has a feature that allows
S o 8.1 users to contact a healthcare 16 7 9 0.269
€ @ provider regarding queries on (11.2) (8.6) (14.5) '
> O dicati ’ ' ’
== medication
E®
[SIR]
O <
=
S o
S
S o)
c c The app has a feature that supports 89 44 45 "
5= 91 0.036
£ 8 data export (62.7) (55.0) (72.6)
e c
o c
ox
S

*Statistical significance P<0.05 in the comparison between Android and iOS app features
ATwo-tailed p-value calculated using Fisher’s-exact test as the expected count is less than 5 in at least
a group

5.1.2 Characteristics of included apps (App-HONcode criteria)

Figure 5.2 shows the number and proportion of the assessed apps meeting the App-
HONCcode criteria. The number of “Yes” responses were summed up for each app to
determine the number of App-HONcode criteria met. “NA” responses for
“Attribution” and “Justifiability” were treated as ‘“not meeting the criteria” for a more

conservative approach, while the “No advertising” response for “Advertising policy”
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was treated as a “Yes” (conforming to this principle). Most of the apps on both the
Android and i0S platforms fulfilled between two to six criteria; one Android app met
all eight criteria while another did not meet any of the criteria. A higher proportion
of apps published on the iOS platform seemed to meet more App-HONCcode criteria
compared with apps on the Android platform. For example, 43.6% of iOS apps met
at least 5 App-HONCcode criteria compared with 28.3% Android apps.

Number and proportion of diabetes apps meeting the adapted
HONCcode criteria

et all criteria
et 7 criteria 3 (4.8%) 0%

100%
1(1.2%) 4 (4.9%)
4 (4.9%) et 6 criteria 4 (6.5%)

9 . .
80% et 5 criteria

60%

Met 4 criteria

40%

26 (32.1%)

——Met 3criteria —____|

19 (30.6%)

20%

Stacked percentage of apps meeting the adapted HONcode criteria

Met 2 criteria

1(1.2%)
0% e
1(1.2%) Android apps o criteria met i0S apps 0%
B No criteria met B Met 1 criteria B Met 2 criteria B Met 3 criteria B Met 4 criteria

B Met 5 criteria W Met 6 criteria W Met 7 criteria W Met all 8 criteria

Figure 5.2 Number and Proportion of diabetes apps meeting the App-HONcode
app criteria.
The number of “Yes” responses were summed up for each app to determine the number of

App-HONcode criteria met. “NA” responses for “Attribution” and “Justifiability” were treated as
“No” while the “No advertising” response for “Advertising policy” was treated as a “Yes”.
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Table 5.2 shows the profile of app attributes grouped by each platform. Few apps
mentioned the qualifications of individuals who contributed to app development
(14.0%, 20/143). Less than half of the apps have a disclaimer stating that the
information provided/app functions do not replace a healthcare provider’s advice
(39.2%, 56/143) and approximately two-thirds of apps have a privacy and
confidentiality clause (65.0%, 93/143). Of the apps providing health or medical
information or made claims on its efficacy, only a third cited their information
sources (35.7%, 15/42) and/or backed up the claims relating to benefits and
performance in the app by evidence (30.4%, 7/23).

There were no significant differences between the Android and iOS platforms in the
proportion of apps fulfilling each criterion except for the principle on
“Transparency”. Android apps have a significantly higher proportion of apps with the
developer’s email listed on the Google play store compared with apps listed on the
Apple store (Android: 97.6%, 75/81; iOS: 83.9%, 52/62; P=0.005). Over half of the
apps disclosed funding sources (61.5%, 88/143). Lastly, most of the assessed apps do
not have advertisements (83.2%, 119/143). Of the apps with advertisements, three-
quarters were distinguishable from the content of the app (75.0%, 18/24).
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Table 5.2 Profile of app attributes grouped by platform

All apps Android i0S
H(r)ir':l((::io?ee App-HONCcode criteria (n=143) | (n=81) | (n=62) v:fll-Je
prineip (%) (%) (%)
Does the app indicate the
qualifications of the
o specific individuals who 20 9 11
Authoritative developed or contributed (14.0) (11.1) 17.7) 0.332
to the development of the
app?
Is there a disclaimer
which states or implies
that the provided 56 27 29
Complementarity information and/or app 0.121
. (39.2) (33.3) (46.8)
functions do not replace
the healthcare provider's
advice?
Is there a privacy and
. : o X 93 48 45
Privacy confidentiality clause in 0.113
the app? (65.0) (59.3) (72.6)
_— Are information sources in 15/44 8122 7122 A
Attribution the app cited? @412 | (364)e | 3187 | 1000
Are the claims relating to
benefits and performance
I in the app description 7124 414 39 "
Justifiability |- ed up by evidence? | (3042 | (28.6)r | (33.3) | 1000
(Answer “NA” if there are
no claims)
Are the developers 131 79 52 .
Transparency contactable by email? (91.6) (97.5) (83.9) 0.005
Does the app indicate the
qualifications of the
Financial specific individuals who 88 46 42 0.225
disclosure developed or contributed (61.5) (56.8) (67.7) ’
to the development of the
app?
Is there a disclaimer
which states or implies
that the provided
information and/or app 119 64 55 0.175
. (83.2) (79.0) (88.7)
o functions do not replace
Advertising he h o
lic the ealthca_re provider's
policy advice?
Is there a privacy and
: o r ; 1824 1217 6/7
confidentiality clause in b b b 0.629
the app? (75.0) (70.6) (85.7)

*Statistical significance P<0.05 in the comparison between Android and iOS app features
"Two-tailed p-value calculated using Fisher's-exact test as the expected count was less than 5 in at
least a group

a“NA” removed before statistical analysis and percentage computation

b Percentage was computed by dividing (1) the number of apps with distinguishable advertisements
with (2) the total number of apps with advertisements
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5.1.3 Android apps by downloads

Assessment of medication management features

Android apps with <100,000 downloads were compared against those with higher
downloads (>100,000) (Table 5.3). Although only a small number (17/81,) of apps
were downloaded >100,000 times, a significantly higher proportion of these apps
have features that allowed the user to separate medications into “take as needed”
sections (>100,000 downloads: 29.4%, 5/17; <100,000 downloads: 1.6%, 1/64;
P=0.001), document medication-intake (>100,000 downloads: 94.1%, 16/17,
<100,000 downloads: 64.1%, 41/64; P=0.016), vary dosage input options (>100,000
downloads: 100.0%, 17/17; <100,000 downloads: 76.6%, 49/64; P=0.032), set up
reminders to refill prescriptions (>100,000 downloads: 35.3%, 6/17; <100,000
downloads: 4.7%, 1364; P=0.002), sync medication-taking schedule with caregiver’s
phone (>100,000 downloads: 23.5%, 4/17; <100,000 downloads: 1.6%, 1/64;
P=0.006), support multiple user profiles (>100,000 downloads: 35.3%, 6/17,
<100,000 downloads: 7.8%, 5/64; P=0.009), support data export (>100,000
downloads: 88.2%, 15/17; <100,000 downloads: 45.3%, 29/64; P=0.002). The
number of downloads were not available from the Apple app store. Hence, i0S apps

were not analysed in the same manner.
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Table 5.3 Profile of medication management app features grouped by downloads (Android

apps only)
<100,000 2100,000
All apps
_ download | download
SIN App features (n=81) s(n=64) | s(n=17) p-value
0,
o (%) (%)
The app has a feature that
allows the user to display
11 scheduled medications as 4 3 1 1,000~
) different visual (4.9%) (4.7%) (5.9%) ’
compartments (e.g. visual
pillbox in the app)
The app has a feature that
allows the user to switch 3 1 2
1.2 between daily and weekly o o o 0.110n
medication schedule (3.7%) (1.6%) (11.8%)
displays
The app has a feature that
allows the user to schedule
medication-taking on
13 | atternate days (e.g. Pill Aon 24 17 7 0.241
) Monday, Wednesday, (29.6%) (26.6%) (41.2%) ’
Friday; Pill B on Tuesday,
c Thursday, and Saturday,
2 etc.)
= .
2
@ The app has a feature that 22 16 6
- YA
5 1.4 | enables the user to enter the (27.2%) (25.0%) (35.3%) 0.540
= purpose of the medication
c
]
(o) The app has a feature that
= allows the user to enter 33 27 6
= S : 607~
3 15 special instructions for (40.7%) (42.29%) (35.3%) 0.60
o medication (e.g. taken
before food)
The app has a feature that
allows the user to organise
16 “take as needed” 6 1 5 0.001°*
’ medications in a separate (7.4%) (1.6%) (29.4%) ’
section from medicines with
a fixed regimen
The app has a feature that
allows the user to enter/log 56 42
. o N
1.7 at least 4 different (69.1%) (65.6%) 14 (82.4%) | 0.184
medications at any given
time
The app has a variety of
18 dosage input options (e.g. 66 49 17 0.032
) subcutaneous insulin for (81.5%) (76.6%) (100.0%) ’
DM, oral medications)
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1.9

The app has a feature that
allows the user to document
allergies (i.e. via
prompts/greyed out
instructions or a separate
tab)

4
(4.9%)

2
(3.1%)

2
(11.8%)

0.192

1.10

The app has a feature that
allows the user to sync the

medication-taking schedule
with their phone calendar

(2.5%)

(3.1%)

(0.0%)

1.000

Monitoring and Adherence

2.1

The app has a feature that
allows the user to record the
fraction of an actual pill or
volume of a liquid
medication prescribed (i.e.
% pill or 5 ml of a syrup) to
be recorded.

45
(55.6%)

35
(54.7%)

10 (58.8%)

0.76

2.2

The app has a feature that
allows users to document
their medication-intake

57
(70.4%)

41
(64.1%)

16 (94.1%)

0.016*

2.3

The app has a feature that
allows users to record notes
on any medication event (i.e.
a “note/comment” section at

the logging page or a as a

separate tab)

35
(43.2%)

25
(39.1%)

10 (58.8%)

0.144

2.4

The app has a feature that
allows users to document
medication side-effects (i.e.
via prompts/greyed-out
instructions or a separate
tab)

4
(4.9%)

2
(3.1%)

2
(11.8%)

0.192~

25

The app has a feature that
assesses medication
adherence by comparing
planned and actual
medication-taking (e.g. the
app generates weekly
percentage of adherence or
has a visual display).

17
(21.0%)

12
(18.8%)

5
(29.4%)

0.334%

Information provision

3.1

The app has a feature that
provides users with
information about the
prescribed medication

(7.4%)

(6.3%)

2
(11.8%)

0.601"

3.2

The app has a feature that
provides users with
resources (in-app or external
link) to access information
about the prescribed
medication

4
(4.9%)

3
(4.7%)

1
(5.9%)

1.000"
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- The app has a feature that 0 0 0 .
S, | esmemonteime | 00w | oo | oo | M
£ 9 y medicines
o <
IS}
% '-g The ap;:o has a fgatlure that
ags possible
g E 4.2 contraindications with the © 8%) © 8%) © 8%) 1.000"
O use of complementary ) ' '
medicines
The app has a feature that 3
allows users to set up 47 7 o
2] 51 reminders for taking (58.0%) (57.8%) 10 (58.8%) 0.94
3 medications
£
GE) The app has a feature that
x 5.2 allows users to set up 9 3 6 0.0027*
' reminders to refill (11.1%) (4.7%) (35.3%) ’
prescriptions
The app has a feature that
provides statements to 3 2 1 05127
6.1 motivate users about the .
- importance of medication (3.7%) (3.1%) (5.9%)
o adherence
IS
2 The app has a feature that
§ provides encouragement
6.2 when medication is taken 3 1 2 0.110°
' according to schedule (i.e. (3.7%) (1.6%) (11.8%) '
encouraging messages,
“badges or awards”)
The app has a feature that
ool 71 allows users to sync their 5 1 4 0.006"*
.5 ' medication-taking schedule (6.2%) (1.6%) (23.5%)
o £ with a caregiver’s phone
=20
o =
o S The app has a feature that
SE 22 supports multiple user 11 5 6 0.0097*
' profiles (e.g. for family (13.6%) (7.8%) (35.3%) '
members or carers)
E —
ER-
S 5 The app has a feature that
= 9 allows users to contact a 7 4 3 0.157
SR ) i .
2§ 0| eameaenone | oo | G0 | arew
ES medication
E®
[S3R]
o<
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The app has a feature that 44 29 15 0.0027*

91 supports data export (54.3%) (45.3%) (88.2%)

Communication
with health system

*Statistical significance P<0.05 in the comparison of app features between Android apps with
<100,000 downloads and =2100,000 downloads.

ATwo-tailed p-value calculated using Fisher’s-exact test as the expected count is less than 5 in at
least one group

Assessment with App-HONCcode criteria

Table 5.4 shows the profile of app attributes for Android apps, grouped by the number
of downloads (<100,000 downloads and >100,000 downloads). There were no
significant differences between the apps with <100,000 downloads and the apps with
>100,000 downloads in terms of the “Authoritative”, “Complementarity”,
“Attribution”, “Justifiability”, “Transparency” and “Advertising policy” principles.
A significantly higher proportion of the apps with >100,000 downloads have a
privacy and confidentiality clause (>100,000 downloads: 88.2%, 15/17; <100,000
downloads: 51.6%, 33/64; P=0.006) and are more likely to discuss their funding
sources (>100,000 downloads: 82.4%, 15/17; <100,000 downloads: 50.0%, 32/64;
P=0.026) compared with less downloaded apps.
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Table 5.4 Profile of App-HONcode criteria grouped by number of downloads (Android apps
only)

All Android <100,000 2100,000
HONcode App-HONcode apps downloads | downloads
principle criteria (n =81) (n =64) (n=17)
(%) (%) (%0)

P-value

Does the app
indicate the
qualifications of
the specific
Authoritative individuals who 0.676"

developed or (11.2) (12.5) (5.9)
contributed to the
development of
the app?

Is there a
disclaimer which
states or implies
that the provided 27 18 o
Complementarity | information and/or 0081
app functions do (33.3) (28.1) (52.9)

not replace the
healthcare
provider's advice?

Is there a privacy
Privacy and confidentiality
clause in the app?

48 33 15

(59.3) (51.6) (88.2) 0.006*

Are information
Attribution sources in the app
cited?

822 Tne 13 A
(36.3) (36.8) 333 | 1000

Are the claims
relating to benefits
and performance
in the app
Justifiability description backed
up by evidence?
(Answer “NA” if
there are no
claims)

dp4 310 Lia

(28.6)2 (30.0)° @250 | 10007

Are the
developers 79 63
contactable by (97.5) (98.4)

email?

Transparency 16 (94.1) 0.378

Does the app
indicate the
qualifications of

the specific
individuals who 46 32 14 0.026*

developed or (56.8) (50.0) (82.4)
contributed to the
development of
the app?

Financial
disclosure
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Is there a
disclaimer which
states or implies
that the provided 64 50 14

information and/or 1.000"
app functions do (79.0) (78.1) (82.4)
not replace the
healthcare
provider's advice?

Advertising
policy

Is there a privacy
and confidentiality
clause in the app?

1217 1114 113

(70.6)° (78.6)° @33p | 019"

*Statistical significance P<0.05 in the comparison between apps with 2100,000 and <100,000
downloads

"Two-tailed p-value calculated using Fisher's-exact test as the expected count is less than 5 in at
least one group

a“NA” removed before statistical analysis and percentage computation

b Percentage is computed by dividing (1) the number of apps with distinguishable advertisements by
(2) the total number of apps with advertisements

5.1.4 Additional findings

Several issues were observed during the app assessments. First, the medication
logging features of some apps were limited by the absence of features such as
timestamp, dosage, measurement unit and medication label. For example, one app
restricted oral medications input to a maximum dosage of 99.9 mg despite the much
higher dosage of some T2D oral medications. Another app limited medication labels
to “Medication 1” and “Medication 2”. A few other apps did not allow medication
logging to be retrospective, nor allowed the tagging of an event (i.e. physical activity

or a meal) to the medication.

Second, some apps had reminder features that did not allow the user to set a recurring
alarm or pre-set a medication-taking schedule. In addition, a few apps had hard-to-
find reminder features, faulty alarms that did not work or could not be stopped, and
delayed notifications. Lastly, one app with inaccurate adherence tracking was
observed. The app divided the percentage of medication “taken” and “skipped” in a
pie chart without differentiating the type of medication nor the time period of the
entry. Other issues include visually distracting advertisements (subjective to
assessor’s judgement), inability to set up a personal account, poor user interface and

functional errors during usage (i.e. crashes).
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5.2 Discussion

One hundred and forty-three apps were identified, downloaded and systematically
evaluated against criteria derived from international T2D and medication
management guidelines, and App-HONcode criteria adapted from the eight
HONcode principles. All identified apps were intended for a layperson, had at least
one feature that can assist the user in managing his/her medications, and had blood
glucose logging features to assist people with T2D in managing their medications.
As the descriptions of all apps on the app market explorer were scanned for the
existence of the search terms, more than 90% of the results returned from the app
store did not fit into the inclusion criteria described in Section 4.3.2. Having a
conservative search strategy broadens the search and enabled more accurate

identification of the apps of interest.

Strengths of this study include the development of app assessment criteria with
reference to evidence-based guidelines and the coverage of a broader scope of
medication management compared with other studies'? 14° 170 For example, Dayer
et al. did not employ a systematic search and evaluation process in the app
assessment!2, Santo et al. covered only the Australian app market'®? and Martinez et
al. focused only on the iOS market!’®. All three studies did not refer to any
medication adherence guidelines in formulating the app assessment criteria. Free and
paid apps which were not limited to one country’s app store, were assessed in my

study.

Assessment of medication management features

There were few differences in the app features between Android and iOS apps, except
for a higher proportion of i0OS apps with medication-intake documentation and data
export features. Most of the assessed apps, including apps with higher downloads
(>100,000), have basic logging and tracking features for T2D medication, but lacked
features that could enhance medication adherence and safety. The following gaps

were identified from the app assessment.
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First, approximately half (46.7%) of the apps for T2D self-management lacked any
form of medication management features. This finding concurs with a 2017 study
that found only 50% of the highest-rated iI0OS DM management apps to have
medication adherence features'’®. The study used a single “diabetes” search term to
identify DM management apps on an iPad. Selected apps were assessed on attributes
such as rating, number of reviews, price and DM management features. Although the
method of identifying apps was different, the proportion of apps with medication
adherence (part of medication management) features differed only slightly from my
study. A separate study by our team, which employed a similar search strategy, also
found that only 43% of the accessible T2D self-management apps had medication
management features®®. The lack of medication management features in T2D apps
may be attributed to a lack of emphasis given to medication adherence in T2D
management. Among the assessed apps with medication management features, a
large proportion did not have essential features such as a basic reminder feature, the
capability to enter medication-taking instructions and medication adherence review.
Apps devoid of essential features for enhancing medication adherence are less likely

to be useful in helping users adhere to their medications.

Second, less than 10% of the apps provided any information on T2D medication or
allowed the user to communicate with a healthcare professional. Although this feature
IS more important for users adjusting to new medication therapy, the provision of
information on medication will be beneficial as T2D is likely to progress over time.
This feature was not assessed in other studies, as many medication adherence studies

did not specifically focus on any chronic disease!!? 152 170,301

Third, only two iOS apps prompted the user about the use of complementary
medicine. The use of complementary medicine is common in many cultures and can
lead to contraindications®®?. Stopping conventional medication in favour of
complementary medicine can also lead to ineffective or adverse treatment outcomes.
It is important for app developers to include a cautionary message or features to alert

users to potential contraindications. Documentation of allergies is also necessary to
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flag possible medication or food-related contraindication, but only 3.5% of the

assessed apps had this capability.

Fourth, less than 5% of the apps had features that provided any form of motivation to
the user. A few apps that encouraged medication adherence had interactive features
that could possibly increase time spent on the app. Sustained app use may increase
medication-taking awareness of users who may otherwise fail to remember to take
their medications. Fifth, about 40% of the apps do not allow data export, which can

assist the individual or a healthcare provider in reviewing treatment plans and goals.

Lastly, less than a fifth of the apps had features that could facilitate carers’
involvement in medication management. Although T2D can largely be self-managed,
the support of an informal carer (often a family member) plays an important role in
promoting medication adherence in people with T2D8! 3%, The relationship between
the carer and the patient can be complicated due to dilemmas regarding the sharing
of information and decision making, disputes over the control of medication, and
differing motivation in disease management3%4. A balance that respects the autonomy
of the patient while providing support for the carer needs to be sought for partnership
in medication management. This balance is dynamic and has to be continuously
renegotiated with every change in disease stage, treatment plans, and introduction of
new technologies!'®. Apps have the capability to digitise the process of medication-
taking and facilitate remote monitoring, but the utility of these capabilities depends
on patients’ intentions regarding medication management. Enhanced support in
medication management may be well-received®® or considered as an interference to
patients who have other reasons to be intentionally non-adherent to their
medications®%. Therefore, it is important to negotiate an agreement based on the

circumstances of each individual.

External monitoring is a strategy that enables users to send collected personal app
data to third parties (such as family, friends, or health care providers)*. This strategy
is important for increasing the involvement of family members and health care
providers in the care of patients with chronic conditions, but has been poorly utilised

in medication adherence apps; only 5.2% of medication adherence apps employed
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this strategy in Ahmed et al.’s study*®. Although my study did not assess this feature,
the lack of data export capabilities limits external monitoring in apps.

The absence of involvement from health care providers in the development of the app
may be an explanation for the lack of evidence-based features in health apps?°. Only
13.6% of the apps for medication adherence were developed with the involvement of
a health care provider, and only 1% of the apps were evidence-based according to
another study which reviewed the evidence base, medical professional involvement
in development, and strategies used to facilitate behaviour change in medication
adherence apps'*. Intermittent app use or app intervention failure may sometimes be
caused by a lack of useful app features rather than apps being ineffective per se. Many
studies on medication adherence app intervention focused on reminding the user to
take their medications, but the quality of reminder features and alignment with
evidence-based recommendations were unclear'® 3%, Assessing the app against a
medication management checklist (as illustrated in Figure 4) before the intervention

will better align the app for its purpose.

While this study focused on users with T2D, 86% of the assessed apps allow users to
log and track insulin doses and can hence also be used by people with T1D. However,
adherence to insulin is more challenging than oral medications due to barriers such
as fear of injections, embarrassment of administering injections in public, concerns
over cost, and side effects such as hypoglycaemia’® 3% 307 These barriers cannot be
overcome by solely using a medication management app, although apps could

potentially support adherence to insulin therapy by incorporating patient education.

Assessment with App-HONCcode criteria

Most apps fulfilled between two to five assessment criteria, and only one Android
app fulfilled all eight criteria. Overall, a higher proportion of i0S apps fulfilled more
App-HONCcode criteria compared with Android apps, although the differences were

not significant.
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Many apps were not transparent with the content source of the app. More than half
of the assessed apps do not fulfil essential criteria, such as indicating the
qualifications of individuals involved in the app development and disclaiming that
the app does not replace healthcare provider advice. This result concurs with a study
assessing eczema apps, where only 15% of the app developers indicated their
qualifications and 46% disclaimed that the app does not replace the advice of the
healthcare provider®®, Although it may be challenging to indicate the qualifications
of all individuals involved in the development of a complex app, the qualifications of
the main content contributors and a representation of their collaborators should

minimally be quoted to account for the content source of the app.

Approximately three-quarters of the assessed apps did not provide any health
information. This was not surprising as disease management apps tend to emphasise
management aspects rather than educating the patient'®’, which presents a missed
opportunity for patient education, which can be incorporated into apps. Of the apps
that provided health information, only a third cited the source of information. Few of
the assessed apps had claims relating to the benefits and performance of the app.
However, only a third of these apps backed the claims with evidence. Apps or any
consumer products with unsubstantiated claims have the potential to mislead and
bring harm to the undiscerning consumer® 30°_ Therefore, it is imperative for app
stores to check the veracity of the app description prior to its publication on the app

stores.

Most apps displayed the email address of the developer, but the email address did not
guarantee access to the app developer. App developers of apps that had access
restrictions were contacted, and only 10% responded to the emails (two emails sent a
week apart). This percentage should be higher for apps that are accessible, but there
is a possibility that inoperative email addresses were displayed on the app stores. App
stores should ensure the inclusion of a valid email address for all health apps for

consumer enquiries.

Privacy breaches can erode consumer trust in the app. Two-thirds of the apps assessed

had a privacy and confidentiality clause. This result was an improvement from a study
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published six years ago assessing the availability, scope, and transparency of mHealth
app privacy policies on 600 commonly used mHealth iOS and Android apps!®. One
explanation for this improvement could be the changes made to the app store policies
to improve the quality of apps over the years®® 31, However, stricter scrutiny is
required on the part of the app stores given the absence of privacy policies in many
of the assessed apps. Although there is an improvement with the inclusion of a
privacy policy for the assessed English language apps, those published on other
platforms and in other languages may yield different assessment results.

Approximately 40% of the assessed apps did not have their funding sources indicated.
The funding source of an app will affect its development, quality and the services
provided. The lack of funding source disclosure represents a gap in which app stores
can play a role to improve the quality assurance of health apps. Advertisements were
not present in 80% of the assessed apps. This proportion may be lower as the best
version of apps requiring in-app payments for feature upgrades were assessed.
Studies have shown that paid apps were not of higher quality compared with free
apps®2 313, Approximately one third of the in-app advertisements were judged as
being non-distinguishable from the content of the app. | did not scrutinize
appropriateness of the advertising content, which may present an additional gap in

the quality and reliability of information disseminated via these apps.

The originators of the HONcode recently published an extension for apps—
mHONcode—to cover the certification of health information disseminated on
apps®“. This new certification was only available after the app assessments were
completed, but there are minimal conceptual differences between the App-HONcode
and mHONcode. The App-HONCcode criteria were worded in a manner that

minimised subjectivity of assessment by different researchers.

5.2.1 Study limitations

Despite attempts to minimise bias, there were limitations to the study. First, the entire
spectrum of medication management apps cannot be covered. Type 2 diabetes was
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chosen as the disease focus due to its prevalence and the need for long-term
medication management. Second, the assessment also may not reflect the current
state of the apps due to constant updates. However, attempts were made to cover all
apps at a particular time point. Hence, the findings should remain unchanged as a
previous study showed that the quality of apps in terms of alignment with evidence-

based guidelines did not improve within a two-year period'®.

Third, confirmation bias may exist in the app assessment®!e. The app assessment
criteria list for this study were selected based on their perceived usefulness to people
with T2D that require long-term medication management. Other criteria, such as
shared decision-making when medications were not taken as intended, the app’s
ability to flag medication contraindications, and the content of the medication
information provided in these apps were not covered and could be considered for
future assessments. Although steps were taken to minimise confirmation bias by
getting inputs from academics and health professional experts, confirmation bias was
inevitable as our past experiences and our environment shape our opinions.
Additionally, the issues surrounding data management and the content of privacy and
confidentiality clauses were not assessed. There is a possibility that apps may not

accurately disclose details about the sharing of some personal information?®.

Fourth, apps that do not provide health information (e.g. medication logging apps)
may be underrated. Even so, many apps were not transparent in data privacy and in
clearly distinguishing the complementarity of the app (i.e. not replacing the advice of

healthcare providers).

Fifth, there was a lack of user input in the development of the app assessment criteria.
The regular app user may not fully appreciate an app that fulfils app assessment
criteria developed from the perspective of academics and health professional experts.
Nevertheless, the development of the app assessment criteria is an essential step in
providing a set of standards that benefits the interest of app users. Lastly, app
assessments were subjective to researcher interpretation, although attempts were
made to reduce researcher bias by piloting the assessment and using a standardised

patient profile when interacting with apps.
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5.2.2 Implications and future work

A minimum standard (i.e. certification or selection of apps using an evidence-based
checklist) could be one way to raise the standard of medication management features
of apps. The implementation of the NHS digital library and the FDA
“precertification” program for mobile apps are precedents of tools used to objectively
evaluate apps, although gaps still exist in the app marketplace in meeting patients’

and clinicians’ needs®®!,

In addition to certification, health app developers should take active steps to ensure
that their apps meet minimum standards by co-designing apps with potential users
and continuing to upgrade their apps. Experience-based co-design can provide
insights and direction for the design of technologies with useful features®'’-32°, These
techniques have been used for the design of apps in various healthcare disciplines
such as dementia care®?°, health failure®'® and rheumatoid arthritis®*8, although the
health outcomes resulting from the use of such apps are yet to be assessed. Health
care providers can take a more active role through participating in app co-design and
work with their patients to effectively use an app to manage chronic conditions.

This study showed the immaturity of most apps in assisting a user with T2D to self-
manage his/her medications. Therefore, researchers planning for studies involving
medication adherence app intervention should also be aware of the shortcomings of
current apps when evaluating the effectiveness of these apps in improving medication

adherence.

The fulfilment of the eight App-HONcode criteria is actionable, but not many
developers may be aware of the need to indicate background information nor check
the content of advertisements, as their main aim is to get the app published. App
developers and consumers would benefit from the availability of a standardised
checklist to assess the information quality of health apps. It would be challenging for
governments to regulate all health apps due to their ubiquity, pace of development,
and ambiguity in their definition. Therefore, app stores should play a greater role in

the quality assurance of health/medical apps. For example, app stores could make the
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transparency and reliability of information dissemination a basic requirement for app
publication. As observed from the app assessments, a larger proportion of apps that
fulfilled more of the App-HONCcode criteria were from the Apple app store, which

was likely due to the higher barriers of entry currently set by the store (refer to

Appendix 2).

The list of assessment criteria is non-exhaustive and should be tailored to patient
needs and advancements in technology. Since T2D self-management requires
additional self-care activities such as blood glucose monitoring, physical activity and
diet modifications, other features of the app should be considered in assessing the

overall quality of the app.

Given that these assessment criteria may apply to medication management of other
chronic diseases, future studies can explore apps specific to other chronic diseases to
determine if similar gaps exist. Studies can also explore the usability of these apps
for better patient experience, as well as the efficacy of the medication management

features in improving medication adherence in different settings.

As health apps collect a lot more user data than the internet, the consent-seeking
process for data collection and data management policies of these apps should be
evaluated in future. The appropriateness of advertising content and the clarity of
privacy clauses for T2D management and other chronic disease management apps in
other languages and on other platforms should also be checked, to provide a complete
landscape of the transparency and reliability of information disseminated and

collected through these apps.

5.3 Conclusion

The systematic app assessments provide an overview of the medication management
features of T2D self-management apps and discovered gaps in the disclosure of the
developer’s qualification, funding source and the complementary role of the app in

these apps. A large proportion of the apps lacked features that were useful for
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enhancing medication adherence and safety, such as the capability to enter
information on allergies and medication-taking instructions, working reminders,
information provision, and prompts for the usage of complementary medicine. These
gaps represent missed opportunities for better app quality, which can potentially

enhance the utility and usage of digital medication management for people with T2D.

More emphasis should also be given to the inclusion and design of medication
management features in apps for T2D self-management. Healthcare providers, app
developers and researchers should be involved in the co-design of health apps to
improve their quality and be aware of the shortcomings of current apps when making
recommendations about their effectiveness. App stores should also play a larger role
in scrutinising app publication, as higher barriers of app entry will enable the
publication of apps with better disclosure of the app’s content source. As the
development of the App-HONcode criteria is preliminary, future work can further
examine the consent seeking process for data collection, data management policies,

and the appropriateness of advertising and clarity of privacy clauses.
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Chapters 6 & 7
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Chapter 6

Smartphone app for medication adherence: A
feasibility trial (Study methods)

The systematic app assessments described in the previous chapters helped me to
familiarise with the smartphone app landscape and select a suitable app for a
feasibility study. It is essential to understand the acceptance, usage patterns and
effectiveness of a smartphone app on people with T2D to improve app adoption. |
conducted a pilot study to determine the feasibility, acceptability and clinical
outcomes of using a smartphone app to improve medication adherence in a multi-
ethnic T2D Asian population. A feasibility study meets the objectives of my PhD
research and will likely improve the success rate of future smartphone app studies in
the same context. This chapter describes the methods employed for the feasibility
trial, including the study motivation, objectives, study design, study procedures, and

statistical analyses.

6.1 Motivation for the study

Medication non-adherence is a complex, costly and multi-dimensional problem that
involves the patient, their healthcare providers, and the process of taking/using the
medication’. Patient education, medication management, reminders and incentives
to promote adherence are interventions that have been shown to improve medication
adherence successfully 8. However, approximately a third to half of people with T2D
worldwide are still not adherent to their medications’ 7. People with T2D have
poorer medication adherence if they do not believe in the safety and efficacy of the
medication, which is common in asymptomatic diseases®. Poor adherence to T2D
medication results in suboptimal glycaemic control® 32! which increases the risk of
T2D -related complications® %22 leading to higher hospitalisation rates and emergency

department visits®* 322,

122



6. Smartphone app for medication adherence: A feasibility trial (Study methods)

Smartphone apps are increasingly used as a complementary tool for T2D self-
management (including medication management) in recent years. According to
estimates from the IQVIA Institute for Human Data Science, the global number of
health apps has almost doubled from 165,000 in 2015 to 318,000 in 201752 17, A
pooled analysis on the effect of smartphone apps for T2D self-management found an
overall 0.5% reduction in HbA1c levels®. Despite having emerging positive evidence
on the efficacy of apps in T2D self-management®> 32 gaps still exist in the utility of
app features in meeting user needs!®”: 2% 279 There is a paucity of studies on the
efficacy and implementation of smartphone apps in supporting medication-taking®*’;
with only a small number of randomised controlled trials investigating medication

adherence in people with high blood pressure'®* 32°,

Furthermore, T2D and medication adherence app interventions are not well studied
in Asian populations. Asians constitute 60% of people with T2D globally and are
likely to have different cultural beliefs towards disease and medication management?
326 This represents missed opportunities to benefit up to 250 million people with T2D
327_Given the acceleration of mobile connectivity in the Asia Pacific region in recent

years®?®

, it is timely to investigate the receptivity and usage of apps for T2D
medication management in Asian populations with high mobile penetration. As
Singapore progresses towards a smart nation, the integration of technology (including

health apps) with daily living and T2D management is anticipated.

Population-based interventions involving smartphone apps are often complex and
multifaceted due to challenges in controlling the environment®®’. In view of the
challenges associated with evaluating complex health interventions, a feasibility and
piloting phase to optimise study design and evaluation is warranted*!® 2%

6.2 Aim and Objectives

This study aimed to determine the feasibility, effectiveness, acceptability, and clinical

outcomes of using a smartphone app to improve medication adherence in a multi-
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ethnic T2D Asian population (Singapore) through a pilot. The objectives were to

assess the:

1. Recruitment rate to determine the feasibility of implementing the study

2. Profile of randomised patients to determine the feasibility of the study design

3. Participants’ interaction with the app to determine the feasibility and
effectiveness of the intervention

4. Changes in self-reported barriers to medication adherence to determine the
effectiveness of the intervention

5. T2D health outcomes (i.e. HbAlc, Lipid profile) to determine the short-term
clinical outcomes of the intervention

6. Perception, attitudes and satisfaction with using an app for medication

management to determine the acceptability of the intervention

6.3 Methods

The CONSORT checklist for feasibility trials®*® and the mERA checklist for
mHealth®° were used to report the study methods and findings (refer to Appendix 4
for the checklists).

6.3.1 Study design

A randomised two-arm pre-test post-test control group design with a 12-week follow-
up period was used. All participants received usual care, while the participants from
the intervention group additionally downloaded and used the Medisafe® app on their

personal smartphones during the study.
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6.3.2 Study setting

Participants were recruited over ten weeks from September to November 2018 at a
tertiary diabetes specialist outpatient centre (part of a 1,000-bed public hospital) in
the Eastern region of Singapore. The centre serves both subsidised and private
patients, as well as non-residents of Singapore. Patients were either self-referred or
referred from primary care general practitioners, other departments in the same
hospital or other hospitals. Usual care provided by the centre comprises 3-6 monthly
clinic appointments. At each clinic appointment, patients have their blood pressure
and body weight taken, undergo blood tests to monitor their blood glucose and lipid
levels, review T2D management with their endocrinologist, and collect their
prescribed medications from the hospital pharmacy. Consultations with the podiatrist,
dietitian or other specialists (i.e. ophthalmologist, cardiologist, renal specialist) were
arranged on an ad hoc basis (i.e. usually once a year for foot and eye examination).
Patients are expected to self-manage their T2D (following their treatment plan)

outside the hospital setting between these scheduled clinic appointments.

6.3.3 Participant recruitment and eligibility criteria

Potential participants were referred by four endocrinologists using a recruitment
pamphlet (refer to Appendix 5 for a sample of the pamphlet). To be referred by the

endocrinologist, participants were:

1) At or above the age of 21 (the legal age for study consent in Singapore)

2) Diagnosed with T2D according to American Diabetes Association guidelines
3) On insulin or Oral Hypoglycaemic Agents

4) English speaking

Participants were excluded from the study if they were:

1) Pregnant

2) Cognitively impaired and/or diagnosed with psychological issues
3) Prisoners

4) Diagnosed with T1D

5) Bedbound and undergoing tube feeding

125



6. Smartphone app for medication adherence: A feasibility trial (Study methods)

6) Prescribed medication for the first time

Referred patients who consented to participate in the study were asked to complete a
baseline questionnaire, which also served as a screening tool to identify eligible
patients for randomisation. To prevent the “ceiling effect”, participants who were
adherent to their medications were screened out of the study. Participants were
considered non-adherent to their medication if they answered “Strongly Agree” or

“Agree” to the question “I forget to take my medicines some of the time” (ASK-12-

Q1)

ASK-12 Q1: | forget to take my medicines some of the time

Options Meets inclusion criteria?
Strongly Agree Yes
Agree Yes
Neutral No
Disagree No
Strongly Disagree No

or if they answered “In the last week/month/3 months” to the question “Have you
taken a medicine more or less often than prescribed?”(ask-12-Q8) in the Adherence

Starts with Knowledge-12 (ASK-12) questionnaire®3!,

ASK-12 Q8: Have you taken a medicine more or less often than prescribed?

Options Meets inclusion criteria?
In the last week Yes
In the last month Yes
In the last 3 months Yes
More than 3 months No
Never No
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To screen out participants who were not digitally literate, participants must respond
“Yes” to the question “Have you used any phone apps in the past two weeks?”. Lastly,
to screen out participants who were already using an app to manage their medication,
participants must respond “No” to the question “Have you used any smartphone app

to manage your medications in the past two weeks?”.

Hence, secondary inclusion criteria for randomisation into the study were:

1) Self-reported medication non-adherence
2) Digitally literate
3) Not using a medication management app in the past two weeks

6.3.4 Study procedures

T2D patients identified to have met the referral inclusion criteria while attending their
scheduled clinic appointments were referred to the researchers by their
endocrinologist. Interested patients proceeded to provide informed consent for the
study. The patient was termed a research participant once the informed consent
document was signed. At the point of consent seeking, researchers explained to
potential participants that they may or may not be selected for the study, depending
on their eligibility which could only be determined after they responded to the

baseline questionnaire.

Study data were collected and managed using REDCap electronic data capture tools
hosted at Nanyang Technological University®3> 333, REDCap (Research Electronic
Data Capture) is a secure, web-based software platform designed to support data
capture for research studies, providing (1) an intuitive interface for validated data
capture; (2) audit trails for tracking data manipulation and export procedures; (3)
automated export procedures for seamless data downloads to common statistical
packages; and (4) procedures for data integration and interoperability with external
sources. Upon receiving informed consent, REDCap generates a unique survey

code linked to each participant's pre-defined email for the baseline and subsequent
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follow-up surveys. All data in REDCap were de-identified apart from participants’
email address. Baseline data were collected using an iPad on the day of recruitment

before randomisation.

6.3.5 Intervention

Intervention group participants were asked to download and use the Medisafe® app
to help them to manage their medications for 12 weeks. The researchers assisted the
participants with downloading the Medisafe® app on their personal smartphone,
setting their medication schedule and reminders on the app, and learning how to use
the app. Participants were asked to use the app freely outside the healthcare setting
and add the research group as a “Medfriend” for their medication-taking patterns to

be observed.

Rationale for selecting Medisafe® app

The Medisafe® app a commercial, free to download medication management app
available on both the Android and 10S platforms. Its features include medication
scheduling, reminders, tracking, data sharing and medication adherence assessments.
The medication schedule can be shared with a “Medfriend”, who can help to monitor
and encourage better medication-taking behaviour. For the purpose of the research,
this feature will only be used by the researcher to track participants’ medication-
taking patterns. Participants were not called up by the researcher if they missed a dose
due to feasibility concerns. A more intrusive intervention may also deter participants

from taking part in the study.

The Medisafe® app fulfilled the highest number (19/27, 70.4%) of medication
management criteria in the app assessment described in Chapters 4 and 5. This app
also fulfilled 6/8 app-HONcode criteria. One criterion—Attribution—was not
fulfilled as the medication information in the app were not cited. There was an “NA”

response in terms of justifiability as the app did not make any claims.
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Another app—Care Zone—also fulfilled as many criteria in the app assessment but
was not selected, as the app was created mainly for the U.S. population. Although the
app can be downloaded in Singapore, users were encouraged to link their insurance
number for free medication refill delivery. This may confuse the Singapore study
participants. Another medication management app—Mango Health—had features
that were not commonly found in other apps (i.e. drug interaction warning, a reward
system for medication adherence), but was not available for the Singapore
population.

Therefore, the Medisafe® app was selected based on the app assessment outcomes
(detailed in Chapter 5), its applicability (free to download, available on both Android
and iOS platforms) to the study, and evidence supporting its effectiveness®? 14°. A
study which systematically assessed the features and quality of medication adherence
apps ranked the Medisafe® app as the best advanced medication reminder app, as it
had the highest engagement, functionality, aesthetics, and subjective quality score®°.
Figures 6.1(a) — (d) show four screenshots of Medisafe® app features used by

participants.
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Participation follow-up

Intervention group participants were reminded via email to complete two
intermediate surveys and one final online survey at 4-week intervals during the 12-
week follow-up period. Control group participants were instructed to complete only
one online survey at the end of the 12-week follow-up period. All follow-up surveys
were conducted online via a unique link sent to the participants’ email address. Each
unique survey link was accessible for a maximum of 14 days or until the participant
completed the survey. Calls were made to participants in both groups through their
mobile phones to remind them to complete the final survey if no response was
received a week after the survey was sent out. Participants were given grocery
vouchers upon completion of each online survey. Voucher rewards were consolidated
and collected by the participants from the diabetes centre at the end of the study.
Feedback was collected from a small number of participants through the online
satisfaction survey and while handing out vouchers to participants who completed

the online survey(s).

6.3.6 Study outcomes

The primary outcomes were to determine the feasibility, effectiveness and
acceptability of using a smartphone app to improve medication adherence in a
multi-ethnic T2D Asian population (see Figure 6.2 for the schedule of data
collection). Feasibility was determined based on the recruitment/enrolment rate (i.e.
the percentage of people who declined participation in the study; the number of
patients who consented to the study divided by the total number of clinic sessions).
Another measure of feasibility is adherence to trial participation, which was
assessed by observing the interaction of the intervention group participants with the
app throughout the intervention using the “Medfriend” feature of the app. The
research team, as a “Medfriend” of the participant, did not interact with the
participant during the follow-up period. Reports on the medication-taking status of

participants were generated at the end of the intervention (T3) through the app.
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Effectiveness was measured with self-reported barriers to medication adherence,
assessed at baseline (TO) and post-study (T3) in both groups with the ASK-12
questionnaire®!. The Appraisal of Diabetes Scale (ADS)*** was administered
concurrently with ASK-12 to account for changes (if any) in the self-appraisal of T2D
(refer to Appendix 6 for the questionnaires).

Acceptability of app use intervention was determined through the self-reported
perceptions, attitudes and satisfaction levels with using the app. Perception towards
medication adherence and app usage were assessed at all three time points (T1, T2,
T3), while attitude and satisfaction were only assessed post-study (T3). Control group
participants were asked for the app that they used to manage their medication(s) (if

any) in the past three months to assess the level of contamination in the control arm.

Secondary outcomes were T2D-related health outcomes. Data for assessing
secondary outcomes such as anthropometric, blood glucose level, and lipids
measurements were extracted from clinical records. The following data were also
collected for participant profiling and baseline adjustments: data on medications and
history of T2D-related complications from clinical records; socio-demographic data;
and responses from a 16-item Diabetes Self-Management Questionnaire (DSMQ)?*°

collected at baseline (TO0).
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No
Week 1 (TO) Consent to the study? [ » No action required
l Yes
Baseline survey screeining (iPad)
ASK-12, ADS, DSMQ, Socio-
demographic questions
Randomisation
v \4
Intervention Control
Week 5 (T1) Intermedlatg Survey 1 (Online)
Perceptions on app use
Week 9 (T2) Intermedlatg Survey 2 (Online)
Perceptions on app use
l v
End of Follow-up
Week 13 (T3) l l
Final survey (Online) Final survey (Online)
ASK-12, ADS, ASK-12, ADS,
perceptions on app use,  Question on whether
attitudes and any app was used
satisfaction

Figure 6.2 Schedule of outcome measurements

Questionnaire abbreviations

ASK-12: Adherence Starts with Knowledge-12
ADS: Appraisal of Diabetes Scale

DSMQ: Diabetes Self-Management Questionnaire
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6.3.7 Sample size

Power considerations are not necessary for a pilot or feasibility trial as the objectives
are to test the trial procedures to obtain parameter estimates for a full trial rather than
to prove the superiority of the intervention3®. Since a formal assessment of the study
efficacy is not required in a trial, rules of thumb are the simplest method to apply to
a pilot or feasibility trial**®. As a rule of thumb, a minimum of 12 participants per
treatment arm is necessary to assess the objectives of the study in a two-arm trial33.
Teare et al. recommended an overall pilot sample size of 70 to reduce the imprecision
around standard deviation estimates®3®. Twenty-five to 35 participants per arm are
sufficient to account for a dropout rate of about 40% as reported for email and internet

response questionnaires®¥’. An analysis of the sample size for a full trial is presented

in Appendix 7.

In summary, a minimum of 12 participants per treatment arm is necessary to assess
the objectives of the study in a two-arm trial®*® and 25 participants per arm is
sufficient to account for a dropout rate of about 40%%’. Therefore, a minimum of 25
participants per arm was targeted for ten weeks of recruitment.

6.3.8 Randomisation

Block randomisation (blocks of 4) was conducted to ensure a balanced allocation
since the final sample size could not be anticipated. Eligible participants were asked
to draw a card from a box with two “intervention” and two “control” cards which

were reset after all four cards were drawn.
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6.3.9 Blinding

The clinical care team was blinded from the study. Participants were only partially
blinded as they had to be explained the purpose of before randomisation. The name
of the app was only disclosed to participants who were randomised into the

intervention group or screened out of the study (if participants request for it).

6.3.10 Data analyses

The intention-to-treat approach was used to analyse the data. Participants who did
not complete the final survey due to the lack of post-study data for pre-post
comparison were excluded. Intervention group participants who stopped using the
app during the study and control group participants who used an app to manage their
medications during the study follow-up period were included in the analysis. Scores
for the ASK-12, ADS and DSMQ surveys were computed in accordance with the
method suggested by the original authors?®® 331334 Descriptive analyses were used
for baseline comparisons; linear regressions, controlled for baseline imbalances, were
used to compare the pre-test and post-test change scores. All statistical assumptions
were checked to ensure the accuracy of the analyses. Statistical significance was set

at p<0.05. SPSS version 22 was used for all statistical analyses?®°.

6.3.11 Ethics approval

This study was approved by the SingHealth Centralised Institutional Review Board
(Reference: 2018/2563) and the Nanyang Technological University Institutional
Review Board (Reference: IRB-2018-09-029) in Singapore. Licenses and permission
to use published questionnaires were obtained from the original authors and relevant

institutions prior to data collection (refer to Appendix 8 for the IRB approval letters).
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Chapter 7

Smartphone app for medication adherence: A
feasibility trial (Results and Discussion)

Following a description of the study methods in the previous chapter, this chapter
continues with the results and discussion. The chapter begins with a description of
the recruitment outcome, followed by baseline characteristics and intervention
outcomes of participants included in the analysis. | then discuss the results, strengths,
limitations and observations of the recruitment before concluding this chapter with

recommendations for future research.

7.1 Results
7.1.1 Recruitment

One hundred and seventy-six patients were referred and approached for recruitment
over 48 three-hour clinic sessions. Fifteen patients (8.5%) declined to participate in
the study, resulting in an enrolment rate of approximately three (161/48) patients per
clinic session. The reasons given for rejecting study participation include concerns
over the collection of personal data, pressed for time to leave the clinic, and refusal
to complete the baseline survey. Of the 161 enrolled participants, 110 were not
eligible for randomisation: 82 (50.9%) reported that they were adherent to their
medications; 18 (11.2%) were not smartphone astute; seven (4.3%) refused
participation, did not have an email address or were not confident with completing
the online surveys; two (1.2%) were already using a smartphone app to complement

T2D management, and one (0.6%) could not install the app.

Fifty-one (31.7%) participants met the inclusion criteria and were randomised to the
intervention (n = 25) or control (n = 26) group. Twenty-two (88.0%) participants
from the intervention group and 19 (73.1%) participants from the control group
completed the post-intervention survey (see Figure 2). Three intervention group

participants (3/22) indicated that they stopped using the app and two control group
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participants (2/19) indicated that they had used an app for T2D self-management

during the follow-up period (see Figure 7.1 for a diagram of participant flow).

255 T2D patients aged 21 - 75
5 attended the clinic
© (n = 255)
= . | Patient rejected participation or
% v v endocrinologist did not refer
k= (n=67)
w Referred by endocrinologist
(n=188)
— Patient left clinic before being
v > approached by researchers
(n=12)
Approached by researchers
(n=176)
= > Patient rejected the study
g v (n=15)
g Enrolled for screening
w (n=161)
Excluded (n = 110)
82 was adherent to medication*
.| 18 was not smartphone astute**
"1 2using an app for T2D
3 rejected any follow-up
— v 2 did not have email address
) 2 not confident with online
Randomized
c (n=51) surveys
o 1 could not install app
g
E ¥
‘% VL Y
e Allocated to Intervention group Allocated to Control group
(n=25) (n=26)
o
?
% \ 4 \ 4
3 Did not respond to final survey* Did not respond to final survey*
= (n=3) (n=6)
5
: !
a Assessed for outcomes* Assessed for outcomes*
< (n=22) (n=19)

Figure 7.1 Diagram of participant flow

*Participants were considered adherent if they answered “disagree/neutral” to the question ‘I
forget to take my medicines some of the time” or any option within 3 months to the question
“Have you taken a medicine more or less often than prescribed?” in the Adherence Starts with
Knowledge-12 questionnaire.

**Patients who were not confident of using a new app.

#Three intervention group participants stopped using the app; two control group participants
started using an app to manage T2D during the follow-up period.
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7.1.2 Randomisation

Table 7.1 shows the baseline characteristics of the patients included in the analysis.
Randomisation was successful as there are no statistically significant differences at
baseline between groups for socio-demographic, clinical characteristics (e.g. blood
test results, T2D-related complications, anthropometric measurements) and baseline
questionnaires (e.g. DSMQ, ADS), apart from the number of years with T2D and the
pre-test total ASK-12 score. Control group participants lived, on average, seven more
years with T2D (p=0.005) and had a lower total ASK-12 score (I: 28.6; C: 25.5;
p=0.044) compared with the intervention group. Higher ASK-12 scores represent

higher barriers to medication adherence.

Table 7.1 Baseline characteristics of patients included in the analyses

Socio-demographics Intervention (n =22)  Control (n =19) p-value
Age, median (min, max)
Age 51.5 (22, 69) 52 (28, 67) 0.848*
Sex, n (%)
Male 9 (40.9) 11 (57.9)
0.278
Female 13 (59.1) 8 (42.1)
Ethnicity, n (%)
Chinese 10 (45.5) 12 (63.2)
0.257
Non-Chinese 12 (54.5) 7 (36.8)
Highest Education, n (%)
Secondary school and below 11 (50.0%) 6 (31.6%)
Junior college/Diploma 4 (18.2%) 5 (26.3%) 0.488
University 7 (31.8%) 8 (42.1%)
Housing, n (%)
3-room and below 2 (9.1%) 4 (21.1%)
4 and 5-room 12 (54.5%) 10 (52.6%) 0.515
Above 5-room 8 (36.4%) 5 (26.3%)
Household income, n (%) (n =20) (n=19)
<$4000 6 (30.0%) 9 (47.4%)
$4000 - $6999 4 (20.0%) 6 (31.6%) 0.170
2$7000 10 (50.0%) 4 (21.1%)
Clinical characteristics Intervention (n = 22) Control (n =19) p-value
No. of years with Type 2 diabetes, mean (SD)
Years with Type 2 diabetes 11.1(7.1) 18.3 (8.4) 0.005*
No. of different types of medications, median (min, max)
No. of medications 4(1,9) 4(1,13) 0.471%
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Type of medications, n (%)

Insulin 7 (31.8) 9 (47.4) 0.309

Anti-hypertensive medication 11 (50.0) 5 (26.3) 0.121

Cholesterol lowering medication 8 (36.4) 5 (26.3) 0.491
Medication intensity, n (%)

Oral medications only 7 (31.8%) 9 (47.4%)

Insulin only 0 (0.0%) 3 (15.8%) 0.051

Oral and insulin 15 (68.2%) 7 (36.8%)
Anthropometric data, median (min, max)

BMI 28.7 (20.2, 49.2) 28.3(21.1, 35.6) 0.657%
Type 2 diabetes-related complications, n (%)

Proliferative Diabetic Retinopathy 4(18.2) 3(15.8) 1.000"

Peripheral Vascular Disease 2(9.1) 3 (15.8) 0.649"

Chronic Kidney Disease (=Stage 3) 3(13.6) 4(21.1) 0.703"

:\I/Setr?trg of major cardiovascular 5 (22.7) 3(15.8) 0.685"
Blood glucose level, median (min, max)

HbAlc (%) (Pre-intervention) 8.2 (5.9, 14.8) 8.5(6.4,11.8) 0.574°
Lipid profile, median (min, max)

LDL (mmol/L) 2.7 (2.0, 6.6) 24(1.3,43) 0.296*

HDL (mmol/L) 1.1(0.9,1.7) 1.0 (0.7, 2.0) 0.091%

Total cholesterol (mmol/L) 4.1(3.2,8.2) 4.1(25,6.9) 0.555*
Baseline questionnaires Intervention (n = 22) Control (n =19) p-value
Appraisal of Diabetes Scale, mean (SD)?

Total score (baseline) 19.7 (3.7) 19.0 (3.8) 0.565
Diabetes Self-Management Scale score, mean (SD)°

Total score (baseline) 2.0 (0.4) 2.0(0.3) 0.693
ASK-12 medication adherence barrier survey, mean (SD)°¢

Total score (baseline) 28.6 (5.2) 25.5 (4.4) 0.044*

*p<0.05

#Mann-Whitney U test for continuous variables, median is presented
"Fisher’s exact test for categorical variables with small sample sizes

aScores (Min = 7, Max =35) are summed up (g2 & g6 reverse scored). Lower scores signify more

positive appraisal of diabetes.

bScale scores are computed (Min = 0, Max = 4) as there are responses that cannot be scored (e.g.
"Not part of my treatment”). Items 5, 7, 10, 11, 12, 13, 14, 15, 16 are reverse scored. Scale scores
can be computed with Total_Sum(All)/(16-missing). Higher scores signify better diabetes self-

management.

¢ Scores are summed up with reverse scoring for Inconvenience (gl - q3) and Behaviour (g8 - q12).

Higher scores signify higher barriers to adherence.
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7.1.3 Outcomes

The mean ASK-12 (adherence barrier) score decreased in the intervention group but
increased in the control group. Higher ASK-12 scores signify higher barriers to
medication adherence. After baseline adjustment of “years with T2D” and “baseline
ASK-12 score”, the ASK-12 pre-post “change score” is statistically significant
(p=0.01), with the intervention group having a 4.7 (1.2, 8.2) lower mean score
compared with the control group (Table 7.2).

There are no statistically significant mean differences between the groups for baseline
adjusted regression in ADS Score, HbAlc, lipids and BMI (Table 7.2). Although the
mean HbALc level increased slightly in both groups, intervention group participants

had, on average, 0.5% lower increment compared with the control group.

140



7. Smartphone app for medication adherence: A feasibility trial (Results and Discussion)

Table 7.2 Adjusted mean differences between treatment groups

Outcome Intervention Control Ad(jjl_lfsfg?gn”g:a” p-
measure Post- Post- (:95% cie value
Baseline study Baseline study
Self-reported questionnaires, mean (SD)
(n=22) (n=22) (n=19) (n=19)
Adherence Starts
with Knowledge- 28.6 (5.2) 27.2(5.8) 255(4.4) 285(7.0) -4.73(-8.26,-1.21) 0.01*
12 score 2
Appraisal of
Diabetes scale 19.7 (3.7) 19.4 (3.5) 19.0(3.8) 19.4(4.3)" -0.48(-1.82,2.78) 0.425*
score ®
Clinical measurements, mean (SD)
(n=22) (n=19) (n=19) (n=15)
Blood glucose level
HbAlc (%) 87(24) 9.0(1.6) 86(15) 9424  .042(189 1.06) 0567
(n=21) (n=17) (n=19) (n=12)
Lipids
LDL (mmol/L) 3.1(1.2) 3.1(0.7) 2.7 (1.0) 2.7 (0.8) 0.11 (-0.20, 0.06)  0.746"
HDL (mmol/L) 1.2(0.3) 1.2(0.3) 1.1(0.3) 1.2(0.3) -0.09 (-0.56, 0.77)  0.135
Total cholesterol "
(mmollL) 45(1.2) 4.6 (0.8) 4.2 (1.0) 4.1(1.1) -0.02 (-0.69, 0.72)  0.052
(n=22) (n=18) (n=19) (n=13)
Anthropometric data
BMI 29.4 (7.3) (ig'g) 28.0 (4.0) 275(42) 002(-113,110) 0.977*
*p<0.05

#Normality assumption is violated due to a small number of outliers and small sample sizes per group
"One missing value, n = 18

aScores are summed up with reverse scoring for Inconvenience (gl - g3) and Behavior (g8 - q12).
Higher scores signify higher barriers to adherence.

b Scores (Min = 7, Max =35) are summed up (q2 & g6 reverse scored). Lower scores signify more
positive appraisal of diabetes.

¢ Adjusted variables for linear regressions: mean baseline ASK-12 score, Years with T2D, baseline of
outcome variable
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7.1.4 Adherence to trial participation

Three intervention group participants did not complete the final survey. Of the three
participants, two of them had intermittent app usage while the last one did not use the
app from the start. Another three participants who completed the final survey
indicated that they stopped using the app after a period of two weeks to two months
into the study, as they found the app to be either not useful or distracting. Two
participants who indicated that they were still using the app at the end of the study
did not have their medication-taking status tracked, as they were unfamiliar with app-
based medication-logging. The average individual 12-week medication adherence
rate tracked by the app was 38.3-100% for the remaining 17 participants. Eight
participants had 100% adherence for the first two weeks of the intervention, but this
number decreased to four participants by the third week of the intervention.

The medication adherence rates tracked by the app also reflects the app usage patterns
of the participant. Despite differences in the app usage patterns between participants,
the aggregated weekly medication adherence tracked by the app did not fall below
50% over the 12 weeks (Figure 7.2 (a)). Figures 7.2 (b)—(d) show actual examples of
three typical app usage patterns observed from the participants. Medication
adherence and health outcomes improved for participant W, who was still non-
adherent to the medication but highly adherent to app usage. Participant X had
waning app usage as her perception of the app became less positive over time.
Medication adherence and health outcomes did not improve for Participant X, as this
participant ran out of medication in week 7. Several participants exhibited similar
cyclical app usage behaviour to Participant Y, in which medication adherence
increases when they receive survey reminders through email. This cyclical pattern

was also observed in the aggregated weekly medication adherence tracked by the app.
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Aggregated average medication adherence
tracked by an app (n=17)
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Figure 7.2 (a) Aggregated weekly medication adherence over 12 weeks, extracted from
participants’ “Medisafe®” reports

Participant W: Used app but non-adherent
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Figure 7.2 (b) Weekly medication adherence of a participant who used an app over a period
of 12 weeks but was medication non-adherent
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Participant X: Intermittent app usage
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Figure 7.2 (c) Weekly medication adherence of a participant who had intermittent
app usage over a period of 12 weeks

Participant Y: Responsive to researcher's prompts
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Figure 7.2 (d) Weekly medication adherence of a participant whose app usage
was responsive to the research team’s prompts over a period of 12 weeks
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7.1.5 Acceptability of the medication management smartphone app

Table 7.3 shows the perception, attitude and satisfaction of app use. These surveys
measure the acceptability of a smartphone app in supporting medication management

in the feasibility trial and were only administered in the intervention group.

Perception of app usage

The perception on app usage was generally positive among respondents, with the
majority (>80%) agreeing that the app made them more aware of the importance of
medication adherence, more confident in managing their medication, and more
adherent to their medication. For 90.9% of respondents, the app was easy to use.
However, the use of the app did not reduce medication management stress in 34% of
respondents, and 80% of respondents found the reminder notification annoying.

Attitude towards app use

The attitude towards app use was generally positive, with 95.5% of the respondents
answering “Yes” when asked if they would recommend the app to another person
with the same condition and if they would trust their doctor to recommend an app for
them to manage T2D. The majority of respondents (86.4%) indicated that they would

continue to use the app after the study.

Satisfaction
General satisfaction was high, with a median score of 8 on a scale of 1 to 10.
Participants who stopped using the app rated the app lower on satisfaction. For

example, one participant who stopped using the app gave a score of 1/10.

Participant feedback

Two participants expressed their desire to add their spouses as a “Medfriend” but
were unable to, as the free version only allowed the addition of one “Medfriend”
(i.e. the study team). Other feedback included suggestions to incorporate doctor’s
appointment scheduling and other T2D self-management features, simplify the app
interface, educate participants on manipulating the settings, and integrate some of

the hospital’s services with the app. Although Medisafe® is a third-party app,
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patients would prefer the integration of all health services into a one-stop reliable

and personalised platform.

Table 7.3 Perception, attitude and satisfaction of app use in the intervention group

Perception on app usage® n (%)

Thinking about the past few days, how far do you agree that the app:

Made you more aware of your adherence to medication? [Agree] (n = 21) 19 (90.5)
Made you more adherent to your medication? [Agree] (n = 21) 17 (81.0)
Made you more confident in managing your medication? [Agree] (n = 21) 17 (81.0)
Reduces the stress in managing your medication? [Agree] (n = 21) 14 (66.7)
Is easy to use? [Agree] (n = 22) 20 (90.9)
Annoys you when the notification goes off? [Agree/Neutral] (n = 20) 16 (80.0)
Attitude towards app use n (%)

Would you recommend Medisafe® to another person with the same condition?

[Yes] 21 (95.5)
Would you trust your doctor to recommend an app for you to manage your
o 21 (95.5)

condition? [Yes]
Will you continue to use the Medisafe® app after today? [Yes] 19 (86.4)

. . Median
Satisfaction (Min, Max)
On a scale of 1 to 10, with 10 being very satisfied, how would you rate your 8 (1, 10)

experience in using an app for managing your medication?

#There is a "Not applicable" option for “Perception on app usage” questions, which caused the
denominator, n to differ.
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7.2 Discussion

The use of a smartphone app to improve medication adherence in T2D patients
managed at a public diabetes specialist outpatient centre in Singapore was feasible as
a pilot study. Recruitment was slow, as only 31.7% of participants who consented to
the study met the inclusion criteria. The medication non-adherence rate determined
by the study (49.1%) falls within the range of rates reported by other studies in
Singapore and internationally using a variety of measurement tools® 2%
Significantly lower self-reported barriers to medication adherence were observed in
the intervention group compared with the control group, but there was no
improvement in the HbAlc level. This result concurs with the findings of a similar
U.S. study, which observed improvement in self-reported medication adherence but

no change in blood pressure over 12-weeks!®,

The control group had a slightly lower HbAlc level, lower barriers to medication
adherence, and a more positive appraisal of T2D at baseline compared with the
intervention group. This observation was reversed 12-weeks later when the
intervention group had slightly better outcomes in all three measurements.
Improvement in barriers to medication adherence in the intervention group is likely
attributed to medication-taking reinforcements by the app and monthly email
reminders to complete the online surveys. Adherence reinforcements will likely lead

to short-term improvement in medication adherence’”.

The slight increase in HbAlc levels in both groups may be attributed to the follow-
up period falling within a few holiday seasons (i.e. Diwali, Christmas, Chinese New

338 The social

Year) where festive feasting in Asian cultures (i.e. Singapore) is likely
environment exerts a strong influence on the behaviour of people managing chronic
diseases®. For example, a person with T2D may be tempted or pressured to consume
a larger amount of food during festive gatherings?’’. Participants may also have to
consume sweetened drinks offered by their hosts out of courtesy. As mentioned by
Vassilev et al., “self-management support requires awareness of and the ability to
deal with network relationships™®3. These influences from the social environment

affect a person’s resolution in maintaining the care regime, which makes the control
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of HbAlc challenging®3®

. A different intervention period may change study
outcomes, although it was acknowledged that the degree of medication non-
adherence, personal motivation and response to treatment could affect HbAlc levels

and add complexity to the interpretation of outcomes.

The Medisafe® app fulfilled at least one criterion in eight of the nine categories
important for medication management in Table 4.1. Medication reminders and
planning were the main features used by all participants. The app supported
caregiver's involvement, but the free version only allowed the participant to have one
“Medfriend”, which was used by the researcher to track their medication adherence
status (e.g. via the “Medfriend” function, refer to Section 7.2.2 on participant’s
feedback).

As discussed in Section 5.2, the use of complementary medicine is common in many
cultures, but almost all the assessed apps did not have a cautionary message to warn
the users of contraindications. The use of Traditional Chinese Medicine (TCM) is
common among Singaporeans with T2D, but none of the participants mentioned the
use of TCM during the study. One endocrinologist at the study site shared that they

were often unaware of the use of TCM in patients until an adverse event occurs.

The app could track and export up to a year's medication adherence data, but none of
the participants exported their adherence report and discussed with their
endocrinologist. There were a few reasons why app adherence data from the app were
not discussed with the doctor. First, the discussion on medication adherence tracked
by the app was unlikely to happen if participants did not deem the app to be useful.
Second, healthcare providers often do not discuss medication non-adherence with
their patients®®. In a study assessing the content of 350 electronic medical records on
medication communication, 42% of the conversations did not end with a conclusion,
and only 9% of the conversations included discussions on medication non-adherence.
Third, the reason for medication non-adherence extends beyond remembering to take
the medication. The social environment in which T2D self-management takes place

is important'®’. For example, T2D self-care activities may be hindered by work
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pressure and the desire for people with T2D to keep their condition confidential at

the workplace.

None of the participants who consented to the study expressed concern about data
privacy, although they had to provide an email address to register for an account.
Only one patient refused to sign the consent form due to concerns about the collection
of his personal data. During the app installation, none of the participants requested to
read the privacy policy of the app. There was probably higher trust in the use of the
Medisafe® app for this study as the participants were referred to the study team from

their healthcare providers.

As discussed by Glenn et al., many consumers do not read the online private policies
to understand how third-party organisations use the collected data. Many people also
mistakenly believe that the presence of a privacy policy means that their personal
information will not be shared®® 31, These and other examples (Refer to Section
1.4.3) 173 2% gyggest that consumers often overlook privacy issues when sharing

personal health information on digital platforms.

The above discussions show that despite possessing many comprehensive features
(70.4%) important for medication management, app use largely depends on
participants” motivation to improve medication adherence and their digital literacy
level. The observations and participants’ feedback of the study will be discussed in

the next two sub-sections.

7.2.1 Observations of the study

Various factors which influenced study feasibility were observed during recruitment,

data collection and data analysis.

Importance of physician advocacy

Physician advocacy is important in encouraging the uptake of new health
interventions. The majority (>85%) of patients referred by their endocrinologists

were willing to provide informed consent and complete the baseline questionnaire.
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Most of the intervention group participants also indicated that they would trust their

doctor to recommend an app to manage their condition.

Use of electronic data collection tools

The use of digital data collection tools (i.e. REDCap) minimised data entry errors and
human resource required for data collection. The follow-up time frame differed for
each participant as they were recruited for over ten weeks. REDCap enabled me to
pre-set time intervals for emailing participants the online surveys (i.e. counting from
the day the participant was recruited), which significantly reduced administrative

work for participant follow-up.

Participants’ ability to use an app for T2D self- management

The participants’ digital literacy and the app’s usability influenced adherence to
intervention and satisfaction. Many older participants had difficulty adjusting the app

settings, which caused the reminders to become a distraction instead.

Health-seeking behaviour of participants

The health-seeking behaviour of participants influenced study outcomes. For
example, one motivated participant in the control group started using an app for T2D
management during study follow-up and achieved >0.5% HbA1c improvement in 12
weeks. The study piqued some participants’ interest in using an app to manage their
medication. For example, one participant requested to use the app even though he

was screened out of the study.

Two participants who self-reported that they were adherent to their medications were
already using an app to self-manage their T2D (including medication adherence) at
the point of data collection. Although these participants were screened out of the
study, these examples showed that smartphone apps could be useful for T2D self-

management.

Reasons for declining participation

Patients declined study participation due to several reasons. One patient was
concerned about the collection of personal data despite the reassurances of data

confidentiality. Several patients did not wish to be followed-up for 12 weeks. Some
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patients were in a rush or were not keen on spending time to complete the survey. For
example, Muslim patients with Friday late morning appointments did not have time
to complete the recruitment process due to the need to be on time for Friday prayers.
Patients who had waited a long time for consultation also may not want to stay to
complete the baseline survey. Although it would have been ideal to approach patients
while they were waiting for their consultation, 1 was not able to do so due to

stipulations set by the Institutional Review Boards.

7.2.2 Participants’ feedback

Unstructured participant feedback was collected during recruitment, data collection
and issuance of grocery vouchers. A few participants commented that the questions
in the validated questionnaires were not suited to the local context (e.g. the way the
questions were phrased); hence, they had difficulty interpreting the questions.
Questionnaires with reverse scoring (i.e. DSMQ) garnered much feedback. In
general, participants felt that the questions were too repetitive; many had difficulty
interpreting the reverse-scored items. The language used in questionnaires needs to
be further simplified and re-validated with the local population to ensure accurate

interpretation of survey guestions.

| asked the participants how they felt about the app while issuing grocery vouchers
to them for completing the online surveys. Two participants would have preferred to
be able to add their spouses as a “Medfriend” but could not as the free app (i.e. paid
features were available) only allowed the addition of one “Medfriend” (i.e. the study
team). The interest in this feature only surfaced from the participants’ feedback.
Therefore, this feature was not assessed in the research. Studies have demonstrated
the effectiveness of social support in improving medication adherence in people with
T2D52 109,342,343 Gy et al. found that social support (measured by a validated, 14-
item scale) was significantly (p=0.003) higher in the high medication adherence
group compared with the low adherence group®2. Another Mexican study also found

social support to be associated with adherence to diet (p=0.007) and medication
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(p=0.002) in people with non-insulin dependent DM%, Consistent results were also

observed in studies on adherence to HIV treatments3+2 343,

Other feedback included suggestions to incorporate doctor’s appointment scheduling
and other T2D self-management features, simplify the app interface, educate
participants on manipulating the settings, and integrate some of the hospital’s services
with the app. Although Medisafe® is a third-party app, patients would prefer the
integration of all the health services into a one-stop reliable and personalised
platform.

One participant said that she was still using the app but mentioned that she had
stopped using the app in the online survey. Online surveys could have removed some
degree of social desirability, as participants do not feel pressured to provide positive
feedback. Another participant deleted the app a few days after recruitment as she
would remember to take her medication after drinking a glass of tea during the day if
she forgot to take her medication in the morning. This participant was included in the
study as she agreed that she “sometimes forgot to take her medication” (i.e. took the
medication in the afternoon instead of morning). An app would not be useful in this

case, as the degree of medication non-adherence was not high at baseline.

7.2.3 Study limitations
Limitations of the study are discussed below.

Self-reported medication adherence rates

Self-reported tools are subjective to the patient’s self-judgement, recall bias, and
social desirability bias; hence, actual medication adherence may not be accurately
reflected. | observed patients who over- or under-reported their medication adherence
status. There were a few participants who claimed that they took all their medications.
When such cases occur, the data collector will prompt the participant: “100% means
you did not miss a single pill, which is unlikely. Are you sure you took all your
medications? Have you ever taken a pill at night when it is supposed to be taken in
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the morning?” After further prompting, some participants revealed their tendency to
unintentionally miss a few doses or skip medications which they think may not work.
For example, a participant mentioned that he took all his important medications for

T2D but skipped his water retention medication without informing his doctor.

A few other participants mentioned that they skipped or stopped taking their
medications because they ran out, or because the medications made them felt terrible
in the past few months. The inclusion of these participants into the study depended
on whether the problems were discussed and resolved with the doctor before

recruitment.

Problems with digital literacy

A few participants were screened out of the study due to the lack of an email address
for follow-up. Older participants who used their relative’s email address or hardly

checked their email inbox were less responsive to the follow-up surveys.

Many older participants who were less technologically astute did not know how to
use/had limited knowledge on smartphone app usage. For example, an older
participant used the medication reminder feature of the app but did not tap on the
“taken” button to log medication-taking. Hence, the study team could not track this
participant’s medication-taking status. Similarly, the full medication-taking status of

participants who changed smartphones during study follow-up could not be tracked.

Problems with validated guestionnaires and literacy

Participants with lower educational levels may have lower English and survey
literacy. These participants could not be followed-up unless a caregiver or relative
could translate the online surveys for them. This may improve survey interpretation,

but the caregiver’s influence may bias responses to the questionnaire.

It is unknown if the participants correctly interpreted the survey questionnaires; as
the validated questionnaires were not tested in the local context. There were also
questions that some participants could not answer. For example, physical activity
may be challenging for participants with leg amputations or participants who have

undergone heart by-pass surgery.
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Some participants were confused with questions assessing medication adherence. A
few participants perceived missing a few medication doses as “reducing” instead of

“skipping” their medication.

The question “How many types of medications (e.g. pills, injections, eye drops, etc.)
are you currently taking?” was misinterpreted by a few participants as categories of
medications. For example, one participant answered “two” for “pills and injections”,
but she had a few different kinds of pills to take. This problem was rectified in the
survey questionnaire after clarifying with the participant.

Older participants had difficulty answering Likert-scale questions and had to be
prompted extensively by the researcher to complete the questionnaire. For example,
when the researchers verbally asked (at baseline), “How likely do you think your
diabetes will worsen in the next few years?”, a few participants answered “I hope it

will not worsen” instead of choosing a Likert scale response.

Problems with the Medisafe® app

Two participants in the intervention group returned for a follow-up with their
endocrinologist while the data collection was ongoing. Both had problems with the
Medisafe® app; one went overseas and had problems reconfiguring the app to the
local time zone; another changed his smartphone and did not know how to reinstall
the app on his new phone. These problems were resolved face-to-face with the
participants, but problems faced by other participants were not addressed unless they
contacted the principal investigator. In addition, there were also several update
problems with the “Medfriend” function, which was eventually resolved with

Medisafe Inc.

Other limitations

The study may not be generalisable to all people with T2D, as tertiary specialist
outpatient clinics are likely to manage more complex cases that cannot be managed
in the primary care setting. Eligible patients might be lost to recruitment if their
attending endocrinologist forgot to refer them to the study team. Lastly,
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contamination may have occurred when control group participants were exposed to

the idea of using an app for T2D medication management.

7.2.4 Implications and future work

This study allowed me to better understand the impact of a health app on T2D patients
and identify potential problems that could arise before scaling up the study. One
registered trial that sought to use a self-developed smartphone app to improve the 6-
month medication adherence among T2D patients in Singapore was withdrawn due
to poor patient recruitment®®, Therefore, | chose to conduct a pilot with a commercial
app to evaluate factors that are important in the implementation of a full trial. The
recruitment outcome of this study suggests that a fivefold scale-up is needed to
achieve full trial power under the same conditions. A scale-up is achievable with the
involvement of more physicians, more study sites or a longer recruitment period.
Validated questionnaires should also be tested in the local context prior to a full RCT.
Future studies should assess factors that could enhance the usability of apps in older
adults who are less technologically astute. The app usage behaviour of different
patient subgroups and interaction between various T2D app features can also be

explored.

7.3 Conclusion

In conclusion, a pilot smartphone app intervention for medication non-adherent T2D
patients in a developed Asian setting is feasible, acceptable, improves awareness of
medication adherence, and reduces self-reported barriers to medication adherence.
Digital literacy, health-seeking behaviour, app usability, and the time period of the
intervention are factors that influence feasibility. A full trial with a fivefold study
scale-up and a refined study design should be conducted to assess the effectiveness

of a smartphone app in improving medication adherence in people with T2D.
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Chapter 8

Discussion and concluding remarks

This chapter discusses the main findings and their implications for healthcare
providers, patients, app developers, policymakers and researchers. The chapter
consists of seven sections. First, | present a summary of the key findings, followed
by a discussion of these findings. Second, I discuss the strengths and limitations of
the overall methodological approach. Third, | describe the contributions of my
research to the field of mHealth. Fourth, I discuss the implications of the findings for
the various stakeholders and make recommendations on how to take this field
forward. Fifth, | suggest aspects of the research that can be further explored in the
future. Finally, I reflect on the influence of the research work on my PhD study and

end with concluding remarks.

8.1 Discussion of key findings
8.1.1 Summary of key findings

Study 1: Assessment of DM apps in multiple languages

The key findings from Study 1, which was designed and conducted to assess the (1)
number and proportion of DM self-management apps in major languages spoken in
ten countries with the largest number of people with DM; and (2) clinical relevance

of selected apps in each language are summarised in point form below:

i. Access to high quality DM self-management apps is unequal across
populations. Among the national languages of ten countries with the highest
numbers of people with DM (i.e. China, India, USA, Brazil, Russian
Federation, Mexico, Indonesia, Egypt, Japan and Pakistan), English and
Mandarin apps constitute more than 80% of apps for DM self-management.
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English language apps were the most highly downloaded. Among the top
three most downloaded English language apps, all had very comprehensive

DM management features, but none had any form of information provision.

Two of the three most downloaded Mandarin apps had both comprehensive
information provision and app features but contained online retail services

and health advice from sources that were not cited.

Study 2: Assessment of English language T2D apps (focus on medication

management features)

The key findings from Study 2, which aimed to (1) construct a diagram linking good

medication management practice with possible app features; (2) systematically assess

and characterise the medication management features in T2D self-management apps,

and their congruence with best-practice evidence-based criteria; and (3)

systematically assess the transparency of information disseminated via these apps

against eight criteria adapted from the Health On the Net (HONcode) principles, are

summarised in point form below:

Many apps for the self-management pf T2D lacked any form of medication
management features despite the importance of medication adherence in T2D
self-care activity. Our systematic app assessment of T2D self-management

apps found that only 43% had medication management features.

Of the T2D self-management apps with medication management features, a
large proportion of the apps lacked features that were useful for enhancing
medication adherence and safety, such as the capability to enter allergy-
related information and medication-taking instructions, working reminders,
information provision, and prompts for the usage of complementary

medicine.

Less than 5% of apps with medication management features provided any

form of motivation to the user.
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Approximately three-quarters of the assessed apps did not provide any health

information.

Two-thirds of the assessed T2D self-management apps were not transparent

in indicating its content source.

More than half of the assessed apps did not fulfil essential criteria, such as
indicating the qualifications of individuals involved in the app development

or disclaiming that the app does not replace the healthcare provider’s advice.

Approximately a third of the apps did not have a privacy and confidentiality

clause nor indicated any funding source.

A higher proportion of i0S apps fulfilled more HONcode criteria compared
with Android apps, although the differences were not significant.

Among the assessed Android apps, those with higher downloads (>100,000)
were more likely to have features that allowed the user to separate
medications into “take as needed” sections, document medication-intake,
vary dosage input options, set up reminders to refill prescriptions, sync
medication-taking schedule with a caregiver’s phone, support multiple user
profiles, and support data export. These apps were also more likely to have a
privacy and confidentiality clause and more likely to discuss their funding

sources.

Study 3: Medication adherence feasibility trial

The key findings from Study 3, which aimed to determine the feasibility,

acceptability and clinical outcomes of using a smartphone app to improve medication

adherence in a multi-ethnic T2D Asian population (Singapore) through a pilot are

summarised in point form below:
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i.  The feasibility trial showed that the use of a medication management app
significantly lowered self-reported barriers to medication adherence in the
intervention group compared with the control group but did not improve
HbALc levels.

ii.  Our study suggested various factors which influenced study feasibility: (1)
physician advocacy; (2) use of digital data collection tools; (3) participants’
digital literacy; (4) the app’s usability; and (5) the health-seeking behaviour

of participants.

iii.  Our findings suggest that a fivefold scale-up is needed to achieve full trial
power under the same conditions, which can be achieved with the
involvement of more physicians, more study sites or a longer recruitment

period.

8.1.2 Systematic assessment of apps

The systematic app assessment studies provided both a broad and throughout
overview of the features of DM self-management apps. High quality-apps were
disproportionately distributed across populations. English language apps have more
comprehensive DM management features and higher downloads compared with apps
in other languages, despite a disproportionately smaller population of native English
speakers worldwide. In low resource settings, smartphone users would benefit from

using a translated high-quality app rather than a low-quality app.

A few apps claiming to cure or reverse diabetes were discovered during app screening
despite the presence of app store review policies. These apps provided herbal or
nutritional advice to users without any evidence backing the claims, which may
potentially mislead users who are eager to seek a cure for DM or cause those with
lower health literacy to act inappropriately.

The global app assessments, however, provided a glimpse of the top three most highly

downloaded DM apps available on China’s most popular Android app platform at the
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point of app assessment. Two of these apps had very comprehensive information
provision and app features but also contained online retail services and information
sources that were inadequately cited. In addition, the data management and privacy
policies of Mandarin apps were not assessed amidst the changing data privacy

protection laws regarding Mandarin apps on China’s app platforms3#,

Subsequent studies focused on English language apps as they were more
comprehensive, highly downloaded and widely available on both the Android and
10S platforms. The app assessments did not cover Mandarin apps, although there
were approximately 400 Mandarin apps in the Android market. China’s ban on
Google led to the emergence of many third-party app platforms exclusive to users

residing in China. Therefore, collaborations are required to access and assess these

apps.

The app assessment findings concurred with other published studies in terms of the
lack of essential medication management features. A 2017 study found that only 50%
of the highest-rated iIOS T2D management apps had medication adherence
features'’®, while 1 found that only 43% of T2D management apps had any form of

medication management features.

A prior study which systematically reviewed the medication reminder apps available
in the Australian app stores found that only a small number of apps have at least half
the desired features considered to be essential in a high-quality medication adherence
app**. 1 did not consolidate the app assessment features available in each app, as the
comprehensive assessment criteria covered aspects of medication management of
varying importance for different users. Both app assessment studies (mine and Santo
et al.’s) identified gaps in the medication management features of apps, but the
proportions were different due to differences in app categorisation and nuances in
assessment criteria. For example, the study by Santo et al. reported that 54.8% of
apps allowed medication history tracking, while my study found that 78.3% of apps
allowed medication logging, but only 16.8% of the apps reviewed medication
adherence with the user. The other study did not report the length of history tracking;

hence, the proportions were not comparable.
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Systematic app assessments are resource-intensive amidst a fast-moving app market,
but it is currently the most comprehensive way to gain an overview of the app
landscape. Therefore, human resources have to be allocated until the automation of
app assessment (including downloading and interacting with the app) becomes a

possibility.

8.1.3 Effectiveness of apps in T2D self-management

Health or disease management apps are marketed to help consumers to manage their
health better. As yet, no apps were recommended by any T2D or medication
management guidelines due to immaturity of evidence on the effectiveness of apps.
The lack of evidence-based features in apps was assumed to reduce the effectiveness
of an app in achieving its intended purpose and improving health outcomes.

Evidence-based features are essential for an app to effectively target disease
management, which can potentially improve health outcomes. However, an app that
merely conforms to international T2D or medication management guidelines is not
sufficient to achieve effectiveness in T2D self-management on a broader scale. The
effectiveness of an app in complementing T2D self-management depends on the
personal motivation and coping skills of the person with T2D, the social context
(social environment and social network) of the person, the app’s usability, and its
ability to protect the privacy of data and disseminate accurate and high-quality

content.

To date, there is only one randomised controlled study assessing an mHealth
adherence app as a standalone for medication adherence and blood pressure
control*®. The team recruited 411 participants and instructed half the participants to
use the Medisafe® app for 12 weeks. While the choice of app and follow-up period
of my study was similar to this study, the study design, population, medication
adherence questionnaires and clinical outcome measurements of my study were
different. Despite the differences in study population, the study outcomes were

similar. Self-reported (barriers to) medication adherence improved slightly, but there
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was no change in clinical outcomes (HbALc in my case). The research team of both
studies nudged participants to complete actions during the follow-ups (e.g. email
survey reminders for my study; submitting periodic blood pressure measurements for
Morawski’s study), which possibly influenced the improvement in medication
adherence. These results suggest that apps may not be an efficient stand-alone tool to
improve medication adherence. Incorporating medication management features into
disease-specific apps may be more useful towards helping patients to manage all
important aspects of the disease. App features that can be integrated with the wider

mobile media ecosystem also need to be considered to facilitate app adoption.

Highly motivated individuals will seek ways to effectively self-manage T2D. For
individuals who are motivated and technologically astute, an app with evidence-
based features will more effectively help them to manage the demands of a lifestyle
with T2D more effectively. Physicians’ advocacy will also elevate the importance of
an app (i.e. for decision support) in helping the patient to self-manage T2D. For
example, a patient may feel good about showing his/her physician the metrics tracked
by the app as a measure of effort placed on T2D self-management, which in turn

helps to build rapport with the physician.

Apps may not be the preferred tool to complement T2D self-management for some
people. Older users may struggle with adapting to app use on top of the demands of
coping with T2D. Usability and ease of navigation are of particular importance to this
group of patients. The utility of the app is diminished if the user is not able to adjust
the settings as required, log daily readings appropriately, or interpret data tracked by
the app for decision support. Support from younger family members by assisting and
engaging older adults in technology use can also facilitate app adoption in older

adults.

The transparency, reliability and stability of the app are all important facilitators of
app adoption. Data privacy and confidentiality are top concerns of disease
management app users, as data breaches in a few apps will erode consumers’ trust in
these apps. The operational stability of the app is also important as the user may

render the app ineffective after experiencing multiple app glitches.
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Using an app alone will not tackle all problems associated with poor T2D or poor
medication management. For example, medication non-adherence associated with
cost, fear of needles, or medication side-effects can only be solved by addressing
financial and treatment-related problems. Nevertheless, an app should be safe and
evidence-based to benefit people who choose to use an app for the management of

all types of DM.

Many digital devices are now linked with apps for more comprehensive disease
management. Perhaps platform-agnostic technologies—products that run equally
well on various platforms—will provide users with more choices and seamless

experiences in personal health management.

8.2 Strengths and limitations

This section discusses the strengths and limitations of the overall methodological
approach. The strengths and limitations of each study have been discussed in
Chapters 3, 5 and 7.

8.2.1 Systematic app assessments

Assessment of DM apps in multiple languages

This study provided a good overview of the advancements and shortcomings of the
global DM app landscape. The study covered app markets beyond the Apple and
Google Play app stores. All top downloaded apps were assessed by native speakers

to ensure the accuracy of language interpretation.

One limitation of this study is the assumption of population needs based on
international guidelines of professional societies. In low resource settings, the
demand for DM apps may be low, hence receiving and even lower emphasis on DM
app development. The study also did not evaluate popular apps in major languages

used in some developed countries, such as German and French, as Germany and
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France were not amongst the top ten countries with the highest numbers of people
with DM?®. Therefore, a few high-quality apps were possibly excluded from the

global assessment.

Assessments of medication management features of T2D apps

This study provided a more thorough evaluation of one aspect of self-management
important to T2D care. The method, framework and criteria developed for the
assessment of apps can also apply to apps for other chronic diseases or medication
management apps. Various stakeholders (discussed in section 8.4) can develop
checklists from the framework to assess apps based on needs (e.g. making app

recommendations).

The limitations are as follows. While the framework was validated with a range of
health professionals in our team, there was a lack of input from international
medication management experts, which would further strengthen the validity of the
framework. In addition to the assessed transparency and reliability of information
dissemination, data management policies (i.e. consent to data collection, storage etc.)
should also be assessed as they are vital for the protection of consumer interests.

The app market explorer (https://42matters.com) is a convenient and comprehensive
database for retrieving app titles. However, the newest apps may not be captured at
the point of app retrieval due to possible time lapses between the release of new apps

and market explorer updates.

8.2.2 Feasibility trial

There are several advantages of recruiting participants during their routine clinical
follow-up. First, the attempt to cover all patients who meet the inclusion criteria
reduces selection bias from a self-selected group of patients highly motivated to
improve their health. Second, approaching patients after being referred to the study
team by their endocrinologist, while they waited for the next station (e.g. payment,

collection of medication) was convenient for patients and allowed researchers time
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to explain the study. Third, the face-to-face interaction with patients helped the
researchers to understand the nuances of the recruitment process and to probe them
on their interpretation of medication non-adherence. At the end of data collection, |
informally asked the patients about their experience with the Medisafe® app during

the face-to-face issuance of vouchers to make better sense of the collected data.

There were several limitations to the study design and data collection. First, one of
the requirements by the Institutional Review Boards was that the attending doctor
had to make the first contact with the study participants. This arrangement potentially
introduced a small degree of selection bias as patients that met the inclusion criteria
but were deemed unsuitable by the attending doctor were not referred. Second,
patients attending the DM specialist outpatient clinic were referred from primary care
and often had conditions that were more complex than cases that can be managed in
the primary care setting. The focus of makes it the study less generalisable to all

people with T2D in Singapore.

Third, | was not able to monitor the participants’ app use behaviour closely as I did
not own or develop the app. For example, I could not distinguish between medication
non-adherence or a lack of interaction with the app when the patients did not log their
readings. Observing the “number of times the user visits the app” would more

accurately reflect participants’ app use behaviour.

Fourth, self-reported questionnaires can be subjected to social desirability and recall
biases. Medication non-adherence is a sensitive issue, and some patients may not
wish to disclose this detail to the researcher. Biological testing (i.e. mass
spectrometry from urine samples) would be a more objective measure of medication
non-adherence, but this is currently not offered as a routine diagnostic test and may
change the outcome of recruitment (e.g. patients may reject the intervention due to
the inconvenience of providing their urine samples). Although HbA1c is routinely
monitored, it is not a good measure of medication adherence as it is collectively

influenced by diet, physical activity and other self-care activities.
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Fifth, it is less unlikely for improvement in health outcomes to be observed for an
intervention eliciting behavioural change in chronic disease management within a
short follow-up period (i.e. 12 weeks). Improvement in health outcomes will more
likely be observed for patients who adhere strictly to the intervention and are highly
non-adherent at baseline. Such cases are rare given the myriad of factors for

medication non-adherence and the complexity of management.

Sixth, participants who encounter technical issues will not fully benefit from all the
app features. For example, the time zone of the app automatically adjusted when one
participant travelled overseas but did not automatically adjust back when the
participant returned to Singapore. The reminder alarm became a nuisance as the
participant did not know how to adjust the settings. Providing participants with an
instruction manual on adjusting the app settings would increase patients’ confidence

in using the app.

Seventh, the quality of self-reported data was affected by patients with poor
questionnaire literacy. Validated questionnaires with Likert scale options were
difficult to interpret as many patients could not distinguish the slight differences
between the options (e.g. slight vs moderate, large vs extremely large). Many patients
also tended to avoid thinking about their health status. Therefore, the responses to the
question “How likely do you think your diabetes will worsen?”” were often ambiguous
or “Not likely”. Semi-structured mini interviews would have captured patients’

thoughts more accurately in these instances.

Eighth, it was challenging to define medication adherence for the intervention. The
widely validated Morisky Medication Adherence Scale was too costly for a feasibility
study, while the Visual Analogue Scale (VAS) was subject to the ceiling effect. Many
patients encountered difficulties in approximating the proportion of medication non-
adherence. Patients who admitted that they forgot to take their medications
sometimes indicated that they took 100% of their medications on the VAS scale. The
VAS scale was, therefore, not included in the analysis due to its inaccuracy.
Medication non-adherence was determined by an “agree” response to the ASK-12

question “Have you taken your medication more or less often than prescribed?”. This
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inclusion criterion was insensitive to an 80% cut-off value for medication non-
adherence as patients with higher adherence may still feel that they are non-adherent
to their medications. Nevertheless, this question provided an opportunity for the
patient to receive an intervention to improve their medication adherence and provided

the research team sufficient flexibility to recruit patients.

Lastly, research in the health services setting is complex due to difficulty in
controlling the environment. Compromises were made to the study design due to the
existence of confounding factors. For example, recruitment was affected by the need
for a member of the healthcare team to approach the patient first, patients’ self-
perception of medication adherence, and their willingness to take part in a research
study. The effectiveness of the app intervention also depends on whether there are
other underlying issues for medication non-adherence. Therefore, a pragmatic
approach (i.e. considering the contextual factors that shaped the setting instead of the
ideal environment)®* is often used in these studies. Although limitations exist in the
study design, the necessary rigour of patient recruitment (described in Sections 6.3.3
and 6.3.4) were still maintained. As medication non-adherence is a multi-factorial
problem, the purpose of the feasibility study was to assess if the app can help
medication non-adherent patients who were willing to change their behaviour rather

than to improve the medication adherence of all patients at the clinic.

8.3 Contributions of the research

By developing app assessment criteria, assessing apps and implementing app use for
people with T2D, this thesis contributed to evidence onthe capabilities and
effectiveness of apps in supporting T2D medication management. To the best of my
knowledge, the work presented in this thesis was the first to provide a comprehensive
overview of the DM app landscape and highlight the shortcomings of apps (as a tool)

in T2D medication management via a series of linked studies.

The methodological innovations discussed in Sections 3.3 and 4.3 demonstrate the

significance and novelty of the app assessment research. Unlike other studies that
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developed app assessment criteria based on researchers’ and healthcare providers’
consensust!? 149 the app assessment criteria used in this thesis were developed with
reference to evidence-based practices and input from multidisciplinary health
professionals. The method of app search was adapted from the principles of
conducting systematic reviews. Instead of assessing apps based on the researchers’
perception of “high quality” or random internet searches® 112 149170 the app
assessment work described in this thesis employed a systematic search process that
covered a broader range of apps.

The global app assessments demonstrated a digital divide in disease management
apps between global populations, with far-reaching implications for policymakers.
Section 8.4 discusses the recommendations to bridge the digital gap between high
and low resource settings. The findings of this study provided a comparative glimpse
of DM apps for different populations, which was essential for determining the

direction of future research that assess apps outside the English language market.

The in-depth app assessment work in this thesis contributed to the creation of an
evidence-based framework for the assessment of medication management apps.
Although the study focused on T2D as the context of management, the app
assessment criteria are applicable to other chronic disease management apps. This
study is also timely and applicable to global agencies seeking to develop or update
policies on disease management app regulation. Researchers can build on the
evidence generated from this study to include other digital devices for medication
management to advance the field. The implications for policy and practice together
with the recommendations (Section 8.4) show the significance and importance of this

research.

The feasibility study filled a gap by addressing the lack of studies on smartphone
apps for medication adherence, particularly in an Asian setting. While previous
smartphone app studies mainly focused on Minority World Countries!®® 14, this
study was focused on a multi-ethnic Asian population in Singapore. Although this is
a feasibility study, the method employed had the rigour of a full randomised

controlled trial. The findings established a baseline reference for future research and
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identified challenges associated with patient recruitment for improvement, which is

crucial for the success of future trials.

Instead of inviting participants via email, which may introduce selection bias, the
researchers of this study (including myself) had face-to-face contact with patients
during recruitment. This interaction allowed a better understanding of the
participants’ experiences and perceptions of the intervention, which were both rarely
discussed in published studies. Problems with questionnaire comprehension and
denial/reluctance to envisage the possibility of T2D worsening were unexpected.
These observed delicate nuances in participant behaviour demonstrated the novelty

and importance of this research for the design of future studies.

8.4 Research implications and recommendations

The research implications and recommendations for healthcare providers, people
with T2D, app developers, policymakers and researchers are described below. These
recommendations are not standalone actions but often require a collaborative effort

among stakeholders to actualise.

8.4.1 Perspective of healthcare providers

The perspectives of healthcare providers are important as they play a vital role in
advising and supporting their patients’ health management. As patients’ health
advisers, healthcare providers can recommend apps based on patient needs. The app
assessment checklist provides a quick and objective way for healthcare providers to
assess, compare and select apps for recommending. Flexibility can also be exercised

to tailor the criteria for more personalised care.

Currently, no clinical guideline recommends an app for DM management due to the
immaturity of app features and paucity of evidence in influencing positive health

outcomes. Healthcare providers should be more involved in co-designing DM apps
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due to their familiarity with clinical practice and guidelines. They can also encourage

their patients to take part in app intervention studies to advance research in this field.

Digital health technologies should be incorporated into medical education to
familiarise younger healthcare professionals with digital health. Incorporating
digital technologies in medical education will help future healthcare professionals

keep pace with the rapid technological developments in healthcare.

8.4.2 Perspective of people with T2D

People with T2D (and their families) are the targeted users of T2D management apps.
However, the extent of T2D self-care or medication adherence is a personal decision
influenced by factors beyond app use. App adoption depends on its perceived
usefulness, which differs across individuals and populations. For example, younger
app users may be interested in apps with more sophisticated functions, while older
users may prefer easy to navigate apps with larger screens. Therefore, the

personalisation or customisation of apps is important to suit different users.

While the app assessment studies were conducted from the patients’ perspective, the
recommendations were mostly directed at app developers and policymakers. When
improvements in the identified gaps take effect, the overall standard of apps will be
raised, and patients will benefit from better quality apps for disease management.
Patients can also make more informed choices by being aware of the benefits and

shortcomings of these apps.

Although an app may not be useful for everyone, people with T2D should be
encouraged to try to use an app or a digital device for self-management (within their
capacity) to keep pace with technological developments. More user feedback from
the patients’ perspective will help app developers to design apps that are closer to
users’ needs. For patients who are interested in attempting innovative solutions to
tackle their health problems, participation in research projects may motivate them to

perform a new action to improve their health34®,
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8.4.3 Perspective of app developers

App developers play a fundamental role in the creation of apps used by their target
audience (i.e. people with T2D in this context). App developers are assumed to want
to raise the quality of their apps to achieve a high number of downloads and a large
user base. Very often, a misalignment exists between the users’ needs and the app
developer’s awareness of these needs. Therefore, app developers should attempt to
blend user feedback and research literature to ensure that their apps are evidence-

based and meet users’ needs.

The app assessments identified gaps in (1) the transparency and reliability of
information disseminated by the apps; and (2) the conformance of app features with
evidence-based T2D and medication management guidelines. These findings,
together with the developed app assessment criteria, can be used as a checklist to
cross-check and improve the app development process. Although new regulations are
emerging to protect users’ interests, app developers should attempt to have their apps
certified by established entities to increase user confidence. Collaborations, such as
with personnel that possess medical domain expertise, in the app development
process and testing the effectiveness of the app will also greatly improve the clinical

relevance and applicability of these apps.

The transparency and reliability of information disseminated by the apps are as yet
immature to gain users’ trust. App developers or app stores could play a more
significant role in ensuring the disclosure of the background and information sources
of apps. For example, developers with fewer resources should be transparent in
declaring the lack of app support, and be upfront about the presence and type of

advertisements in the app.

In addition to ensuring user privacy and evidence-based app features, a good app
should also possess excellence in usability, user interface, app support and
performance reliability, which require substantial investments. App developers could
consider cross collaborations to improve the quality of their apps or translate their
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app to other languages to cover a more extensive user base. These measures will

allow users of lower resource settings to access higher quality apps.

The standard of apps is expected to increase in the future as research continues to
emerge. Big app players will need to conform to higher standards to keep their
business viable, to the benefit of app users. Therefore, keeping abreast of the latest

research findings in the field is essential for app developers.

8.4.4 Perspective of policymakers

Policymakers and regulatory agencies carry the responsibility of safeguarding
consumers’ health. Unlike medications or medical devices, apps are challenging to
regulate due to its proliferation, ubiquity and ambiguity in classification. The FDA
currently regulates apps that are classified as medical devices, and exercise
enforcement discretion on health apps that pose a low risk to consumers (i.e. apps
that facilitate or supplement clinical care by behavioural change or coaching)®'. In
Europe, apps classified as pieces of software with “medical purpose” (i.e. apps that
perform medical tasks) or deemed to pose a risk to patient health (i.e. apps that
provide information for decision support, or tools combining medical knowledge with
patient-specific physiological parameters) are regulated under the European Union
regulatory framework on medical devices®*. These regulations, however, only cover
app markets in Europe and the United States. Health apps that do not meet regulatory
standards may still fall through the regulatory net in other global app markets.

Policymakers must be knowledgeable in interpreting research findings to make well-
founded policy decisions. The findings from the app assessments and feasibility trial
provide added evidence for policymakers to consider when drafting app-related
policies. For example, the medication management framework for apps can be used
as a reference when updating medication management guidelines. Understanding the
app landscape can also help policymakers to position themselves in the regulatory

pathway accurately.
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The FDA is considering certifying app companies and institutions instead of
individual apps in view of the challenges in regulating the app market. However, not
every country will have an app regulatory body. FDA approved apps may also not be
available in other markets. Therefore, government agencies in other countries can
facilitate app developers in getting their apps certified by a recognised entity to
increase user confidence in the app. Lastly, app adoption can be encouraged, with
appropriate incentives, by incorporating app use in health services (e.g. appointment
booking, bill payment etc.) to familiarise patients with using an app to manage their
health.

8.4.5 Perspective of health app researchers

Researchers play a vital role in advancing the field of digital health. Despite the
growing literature on the quality and efficacy of apps on disease management,
research translation from “bench to bedside” has not kept pace with technological
advances in app utilisation. Therefore, researchers should consider ways that can
advance the field to reach the level of disruption similar to the use of apps in the

banking and e-commerce industries.

Researchers can use or improve on the developed checklist to build or select apps for
future intervention studies. The app that is used for intervention should be fit for
purpose (i.e. contain evidence-based features) to appropriately assess its effectiveness

in disease management.

Collaborative health system level studies are required to bring about large-scale
implementations. Incentives can be used to encourage behavioural change, such as in
the form of app usage, to support these implementations. Research should be targeted
at patients who will more likely benefit from using an app for disease management,
aimed at longer study follow-ups, and designed to emulate patients’ daily living to

obtain more accurate study outcomes.
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8.5 Recommendations for future research

Future research can include populations, aspects of T2D self-management, and app
attributes that were not included in the scope of this thesis. After the assessment of
the features of English language apps, international collaborations can be established
to assess and validate the app assessment criteria in other languages for broader
population coverage. For example, Mandarin app assessments alone will cover a fifth
of the global population with DM?. Creating a universal guideline with context
flexibility provides opportunities to reduce global inequality in the evaluation and
development of high-quality apps. The app assessment criteria can also be used to
evaluate apps for other chronic diseases such as hypertension, mental illness and

asthma.

While the medication management app assessment framework was developed with
input from a multi-disciplinary team of health professionals, it has yet to be validated
by international medication management experts. Contributions from international
medication management experts will strengthen the framework, enabling its
development to an international standard. This framework can also be expanded to
cover other digital devices for chronic disease medication management beyond

smartphone apps.

The assessment of the transparency and reliability of health information
dissemination in DM apps is at its preliminary stage. It could be further expanded to
include accuracy of disclosures, data consent processes and data management

policies, especially in non-English language apps.

The medication management feasibility trial helped to identify problems that can be
rectified prior to a full trial. First, the questionnaires should be adapted to the local
context for better comprehension. Older participants were generally hesitant in
responding to questions that required them to predict the prognosis of their condition.
Such cultural sensitivities should be considered during the selection of

guestionnaires.
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Second, future studies should consider more convenient and accurate ways to
measure medication adherence. Mass spectrometry with urine samples can be used
as an objective measure of medication adherence, although it may increase the cost
of research and be subjected to additional ethical justification. Triangulation of
various methods would also increase the accuracy of measuring medication

adherence.

Third, cross-institution collaboration is required to scale up the study as it was
challenging to identify medication non-adherent patients who were willing to change
their behaviour. It is possible to be less selective about the medication adherence
status of participants and instead conduct sub-group analyses from the overall dataset.
Healthcare professionals will also need to be involved in utilising data captured by

the app for decision support.

Fourth, a longer follow-up period (i.e. a minimum of six months) is required to
observe changes in glycated haemoglobin levels (if any). Lastly, more resources
should be allocated towards training or supporting patients to facilitate their
adjustments to app use. For example, pamphlets, explanatory videos or a support

platform can be provided during recruitment and follow-up.

Future research can also explore patient app use behaviour in greater detail, such as
observing the period and number of times a participant logs into the app or provide
diminishing incentives over time to assess participants’ behavioural change over
time. However, close behavioural monitoring poses ethical challenges and requires
access to back end app data, which most likely means that researchers need to develop
or own the app. The app should preferably be co-designed with patients, healthcare
providers and researchers to be able to meet the needs of all parties.

Recent studies have moved on to more sophisticated technology classed under the
“Internet of Things”, which include wireless sensors and wearables such as app
linked smartwatches®® 34°3%0_ platform agnostic devices (a device which runs equally
well across different platforms) will provide patients with a more seamless

experience in digital disease management. Future digital health research can consider
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evaluating patient experiences and health outcomes with integrated digital
technologies. Instead of focusing on individual digital devices, the entire patient care
process should be evaluated to determine the value of digital disease health

management in improving health outcomes.

8.6 Reflections of the researcher on the research

The PhD journey began with many uncertainties. Having worked as a junior health
services researcher prior to the PhD, | was familiar with projects that sought solutions
to problems confined within a health service region. In order to broaden my thinking
and expand my perspectives in problem-solving, | embarked on the PhD study with
an open mind, exploring a topic that | had limited knowledge of at the beginning.

During my PhD study, | encountered unexpected problems that challenged me to
think out of the box. | also met people who taught me different approaches to
problem-solving. The multi-method approach trained me to consider solutions from
different perspectives and focus on finding solutions that could best answer the

questions of interest.

Working in a research team diverse in nationalities and capabilities have helped to
facilitate global health projects. For example, native speakers were quickly sought
for small scale language translations and app assessments. The networks brought in
by international colleagues were also valuable in expanding the capabilities of the

team.

There were challenging moments in the search for solutions to problems and the
execution of projects. More often, the difficulty of an amateur researcher lies in
gauging the feasibility of research plans and the level of persistence in problem-

solving.

The app assessment project was a resource-intensive project that required team effort
to realise. As smartphone app technology is a fast-moving field, quick and robust

methods must be devised to keep pace with its developments. Tackling a large and
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multi-dimensional problem offers ample opportunities to contribute to the research
field, but also means the solution presented is based on investigating just one angle
of the problem. Much more work is required to piece the puzzle together.

There were unforeseen circumstances during the data collection of the feasibility trial
despite extensive planning. For example, the REDCap data collection platform was
suddenly blocked by the university midway through data collection. | was fortunate
to have prepared hardcopy versions of the data collection forms, but that created
additional inconvenience in the data collection process. The data collectors (including
myself) encountered non-accommodating patients when attempting to explain the
study to potential participants. These encounters were unsurprising in the health
services setting, but also reiterated the challenges in collecting data within the health

services setting.

On reflection, there were steps of the research that could have been done differently.
For example, | would have sought more expert opinions before embarking on
problem-solving. | would also register the trial even though it was meant as a
feasibility study to prevent publication bias, and include more endocrinologists in the
project for ethical clearance from the start to prevent delays in recruitment. A better

data collection period could have been chosen to avoid holidays and festive seasons.

8.7 Concluding remarks

Smartphone apps present a novel and interesting way to complement T2D self-
management. The quality, utility, (clinical and data) safety, and user experience of
these apps are important factors to app adoption. While a few studies assessed the
features of top DM apps, the overall clinical relevance, utility, and user experience

of these apps were not well understood to transform care.

The development of evidence-based criteria and systematic app assessments against
these criteria provided an overview of the global DM app landscape, helped to

identify gaps where the safety and utility of these apps were compromised, and
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enabled the selection of a suitable app to assess the feasibility of an app in supporting
medication management in people withT2D. The medication management feasibility
trial addressed the lack of studies on smartphone apps for medication adherence in

an Asian setting.

To increase DM app adoption, governments and app developers should bridge the
digital gap between high and low resource settings by fostering more collaborations.
Research on app assessments should also be collaborative to include apps beyond the
English language. App developers, healthcare providers and policymakers can
benefit from more evidence and guidance for decision making. People with DM will
also benefit from higher quality apps for medication management support. Although
the use of a medication management app did not improve health outcomes in people
with T2D, the intervention was acceptable and improved self-reported medication

adherence. Future studies can improve from the lessons learnt from this pilot study.

A good app should not only possess essential evidence-based features, but also
safeguard data privacy and security, disseminate accurate and high-quality content,
be tailored to users’ needs, and be easy to use. Moving forward, disease management
apps should be co-designed with healthcare providers and patients and checked
against evidence-based checklists. Disease management app studies should also be
aware of cultural sensitivities and focus on aspects of the app (or a combination of
digital support) that have the potential to improve health outcomes.
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Appendices

Appendix 1 Additional information on Singapore’s health system

Al.1 Population demographics

Population demographics have changed drastically since post-World War 1l. The
total fertility rate has declined from 3.07 births per woman in 1970 to 1.83 in 1990
and 1.16 in 2017, which is well below the replacement rate5!. While fertility rates
have declined, the post -World War Il baby boomers have aged and transited to the
above 65 age group. The median age has also increased tremendously from 18.1 years
in 1965 at Singapore’s independence to 41.7 years today?'* 352, A surge in the cases
of long-term illnesses, usually developed later in life, is expected as the population
ages. The notion of the family as the first line of support for healthcare needs and
reliance on children for old age security can no longer hold as family structures
change with the changing demographics. The healthcare system must also adapt to

the changing population demographics to meet changing needs.

A1.2 Political philosophy of Singapore’s health system

The way healthcare is financed and delivered rests largely on the political philosophy
of the elite ruling party during the period of nation building?'. Political ideologies
were largely guided by pragmatism, which borrows ideas across various political
spectrums. When NHS was founded in 1948, Singapore was still a British colony.
NHS was created with the ideal that healthcare should meet the needs of everyone,
be free at the point of delivery, and based on clinical aid rather than the ability to
pay®>. Singapore chose to turn away from that healthcare model at that time when
the idea of welfarism was popular in Europe. The move away from a welfare state
was influenced by the then first prime minister, Mr Lee Kwan Yew, based on his
personal experiences of the challenges faced by a welfare state in the 1960s and
1970s?Y.
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A cradle-to-grave welfare system was not acceptable by the government. A welfare
state was believed to lead to moral hazards and eroded work ethics. The individual
would maximise his benefits from the system rather than taking responsibility for his
personal health, which can inflict a high cost on the government. Subsidies that are
given out will be difficult to withhold without political implications. However, high
economic growth can never be guaranteed given the uncertainty and Singapore’s
vulnerability. High healthcare spending will expose the economy to greater
uncertainty without guaranteed good health outcomes. Therefore, it was better to err

on the side of caution and provide state assistance in smaller amounts?'® 353,

The ruling leaders of Singapore have always believed in market-driven efficiency.
While preferring to allow the market to guide efficiency, a completely free market
that rewarded only winners is unacceptable. The government has to intervene to
prevent cherry-picking from private insurers and ensure the provision of sufficient
assistance to individuals faced with financial difficulties when seeking health aid.
Therefore, it was determined that the state has the responsibility to make decisions
and be the overall orchestrator for the good of Singapore?'’. This power enables the
government to transfer some responsibilities to individuals to keep fit and healthy.
The orientation towards a strong government and maintaining a strong financial

position greatly influenced the way the health system is shaped in Singapore.

A1.3 Costs and access to healthcare

Healthcare financing ties closely with Singapore’s political philosophy. Public health
services remained free of charge, but the government started charging for outpatient
and inpatient services to prevent abuse of the health system?'®, Co-payments were
introduced in the 1960s to ensure responsible use of resources. Patients had to pay 50
cents for each visit to the outpatient dispensary and one dollar per day for a stay in

the subsidised ward?*6. Hardship cases were exempted from payment.

One challenge afflicting many healthcare systems relates to ensuring good quality

and affordable healthcare sustainable to the country. The 3M framework: Medisave,
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MediShield and Medifund, was rolled out successively in 1984, 1990 and 1993 to
ensure affordability of care. Universal health care is achieved through a multi-payer
approach where a single healthcare episode is covered by multiple schemes 216 3%,
Medisave constitutes a component of the compulsory savings scheme for all working
Singapore citizens and permanent residents. The savings from Medisave can be used
to offset hospitalisation and selected outpatient treatment bills to reduce out-of-
pocket payments of the patient and his family. MediShield is a form of co-insurance
that complements Medisave by covering larger subsidised hospital and outpatient
treatment bills. MediShield premiums can be paid for by Medisave funds. Medifund
is used to safeguard patients who cannot afford their bills. Assistance will be given

to needy patients after a thorough assessment by medical social workers®®®.

The quality of healthcare services has increased with the push for efficiency and
innovation. As the differences between the quality of subsidised and private services
started to narrow, more people who could afford private services were opting for
subsidised services. The increase in demand for subsidised services has caused
overcrowding in public hospitals. To ensure a fairer distribution of resources, means
testing was implemented to control the amount of subsidy that a person can get when
he/she chooses a ward. For example, a person with higher socioeconomic status
would receive a 65% subsidy at a C class ward instead of the 80% subsidy that was

previously available to all**®.

Many changes were implemented to adapt to the ageing population. Medisave
coverage was expanded to include more outpatient claims for chronic diseases, and
MediShield Life was rolled out to include all citizens (the opt-out option was
available previously) from birth till death (up to 90 years of age previously)3® 37
Episodic cash vouchers were given out to all citizens to cope with the rising
healthcare costs. The pioneer generation package was also introduced to cover the
medical needs of the elderly (born before 1949) who did not have enough time to
amass sufficient savings in their Medisave account®®. With the changing
demographics, long-term care has to be considered for the long duration of the disease

and longevity of the population

213



Appendices

Al.4 Development of the regional health system (RHS)

A sound health system is essential to achieve good population outcomes. The demand
for better health services increased with economic progression and rising
expectations in the late 1970s. Private sector costs were unregulated, and its services
were catered to patients who were privately insured or could pay more?!’. Many
healthcare professionals were attracted to the private sector due to the higher salaries,
and there was a need to retain talent through competitive wages as the public sector
was the training ground for healthcare professionals. The corporatisation of public
hospitals in 1984 was a bold move to increase its efficiency and competitiveness®°.
This gave the hospital some leeway in deciding its administration and management,
which was a success as decentralisation from the ministry led to more informed

decision making, improved service levels, and better efficiency?!’.

The corporatisation of hospitals drove greater competition and efficiency, but also
drove up costs. Competition for talent between healthcare institutions caused the
salaries of doctors to rise, and new services were introduced even if the demands were
not met?'’. In addition, Singapore’s healthcare model had always been reactive to
episodic events, which were primarily managed by tertiary care hospitals. The lack
of continuity of care made long-term chronic disease management challenging.
Patients sometimes had to see multiple providers for the same condition due to
fragmentation in care?!®. Episodic healthcare was not sustainable, given the increase
in chronic disease cases. There was a need for better-coordinated care.

In the year 2000, the government restructured healthcare to provide vertically
integrated care. Restructuring allowed public healthcare institutions to create a
balance between competition and cooperation. Polyclinics, specialist centres and
hospitals were grouped into two clusters—National Healthcare Group (NHG) and
SingHealth. The Integrated Health Information System (IHIS) was later set up in
2008 to digitise Singapore’s health system. IHIS currently serves all restructured
hospitals, polyclinics, national speciality centres in Singapore, the Ministry of Health
and the Agency of Integrated Care. Collaborations with the inclusion of private GPs

and community hospitals were needed for better chronic disease management.
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Therefore, in 2012, the two clusters were further broken down into six regional health
clusters, as the two clusters were geographically too dispersed to deal with the many
stakeholders.

The public and private sector were better integrated with the formation of the RHSs,
but healthcare became increasingly fragmented with many health clusters in a small
country. The problem of fragmentation will worsen with the addition of two more
hospitals and five more polyclinics, built to manage the growing demand for health
services®®. In 2017, the government re-clustered the six RHSs into three clusters?:8,
Each cluster has an academic medical centre linked with a medical school to facilitate
teaching and research. The clusters share the speciality centres as Singapore is not
big enough to have multiple centres for the same condition. The current three RHS
clusters are SingHealth, NHG and NUHS.

A1.5 Increased emphasis on primary care

The government has built more tertiary hospitals, community hospitals and
polyclinics in recent years to cope with the increased demand for health services.
Although it is necessary to expand the bed and service capacity to cope with
population growth, the building of more institutions is not a sustainable long-term
solution as it is costly and the training of manpower required to fill these new

institutions takes time. Family physicians should care for seniors with

The Primary Care Masterplan was launched in 2011 to ease the increasing burden of
chronic disease and to relief polyclinics. Private GPs were provided with more
support to help patients manage long-term chronic diseases. Community Health
Centres were built to support solo GPs with ancillary services such as counselling
diabetic screening services for people with T2D. The family medicine clinic (FMC)
model was also piloted to promote collaborative effort between the public and private
sector. Each FMC is run by a group of GPs and has its own pharmacy and laboratory

to support chronic disease management?:®,

With the expansion of GP services, the Community Health Assistance Scheme

(CHAS) was introduced to subsidise means-tested patients for primary care to relieve
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the load from polyclinics®*®. The scope of family medicine practice was expanded
from polyclinics and GPs to tertiary and community hospitals. Family Medicine was
also recognised as a speciality to attract more talent to this field.

In addition to the restructuring of healthcare services in Singapore, the Ministry of
Health launched the Healthy Living Master Plan to make healthy living the default
choice for Singaporeans by 2020, as it is everyone’s responsibility to live well and

healthily.
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Appendix 2 Pre-review app publication checklist

This sections covers the selected pre-review app publication checklist of Apple and
Google Play app stores relevant to the manuscript “Medication management apps for
diabetes: A systematic assessment of the transparency and reliability of health
information dissemination”

A2.1 Apple app store

The pre-review checklist serves as a guidance for developers who wish to publish
apps on the Apple app store and can be found at: https://developer.apple.com/app-
store/review/qguidelines/. Apps do not have to meet all criteria to be published on the
app store. The checklist covers the following categories:

1. Safety
(Includes: Objectionable Content, User Generated Content, Kids Category, Physical
Harm, Developer Information and Data Security).

Checklist items intended to safeguard health and safety include:

e Rejection of prank apps with false information and features

e Requiring disclosure on the validation of methodology to support accuracy
claims relating to health measurements

e Requiring the user to check with a doctor in addition to using the app and
before making medical decisions

¢ Rejection of medical apps that are not from an approved entity or did not pass
regulatory clearance (Including drug dose calculators)

e Rejection of apps that encourage consumption of tobacco and vape products,
illegal drugs, or excessive amounts of alcohol, or that encourages minors to
consume any of these substances

e Requiring apps to have valid contact information

e Requiring apps to implement appropriate security measures to ensure proper
handling of user information collected and prevent its unauthorized use,
disclosure, or access by third parties

2. Business
(Includes: In-app purchases, Subscriptions, Hardware-Specific Content, Goods and
Services Outside of the App, Apple Pay, Advertising)

Checklist items intended to safeguard consumers’ interest in health apps include:

e Disallowing the creation of an interface for displaying third-party apps,
extensions, or plug-ins similar to the App Store or as a general-interest
collection

e Disallowing artificial manipulation of a user’s visibility, status, or rank on
other services unless permitted by that service’s Terms and Conditions
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e Disallowing coercing users to rate the app, review the app, download other
apps, or perform other similar actions in order to access functionality, content,
or use of the app

e Requiring to display all information used to target advertisements (ads) to
users without requiring the user to leave the app. Interstitial ads or ads that
interrupt or block the user experience must clearly indicate that they are an
ad, must not manipulate or trick users into clicking the ad, and must provide
easily accessible and visible close/skip buttons large enough for people to
easily dismiss the ad

3. Design
(Includes: Copycats, Minimum Functionality, Spam, Extensions, Apple Sites and
Services, Alternate App Icons, HTML5 Games, Bots, etc.)

Checklist item intended to safeguard consumers’ interest in health apps include:

e Discouraging the creation of multiple bundle IDs of the same app and piling
on to a category that is already saturated

4. Legal
(Includes: Privacy, Intellectual Property, Gaming, Gambling, and Lotteries, VPN
Apps, Mobile Device Management, Developer Code of Conduct)

Checklist items intended to safeguard consumers’ privacy in health apps include:

e Requiring all apps to link their privacy policy in the App Store and within the
app in an easily accessible manner

e Requiring apps to clearly and explicitly identify the type of data to be
collected, method of data collection, purpose of data usage

¢ Disallowing apps to use or disclose to third parties data gathered in the health,
fitness, and medical research context for advertising, marketing, or other use-
based data mining purposes other than improving health management, for the
purpose of health research (with permissions) or a direct benefit to that user
(such as a reduced insurance premium). App developers must disclose the
specific health data that will be collected from the device

e Requiring apps conducting health-related human subject research to obtain
appropriate consent from participants and research to secure and provide
proof of approval from an independent ethics review board

e Requiring apps to disclose any third parties the app wishes to share data with
and how a user can revoke consent and/or request deletion of their data

e Asking for permission to collect user data even if the data is considered to be
anonymous and providing an easily accessible and understandable way to
withdraw consent
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o Disallowing developers to use information from Contacts, Photos, or other
APIs that access user data to build a contact database for personal use or for
sale/distribution to third parties

*The app Performance checklist categories not listed in this document include: App
Completeness, Beta Testing, Accurate Metadata, Hardware Compatibility, and
Software Requirements

A2.2 Google Play Store

The pre-review checklist serves as a guidance for developers who wish to publish
apps on the Google Play store and can be found at:
https://play.google.com/about/developer-content-policy/#!?modal_active=none.
Apps do not have to meet all criteria to be published on the app store.

The checklist covers the following categories:

1. Restricted content
(Includes: Child Endangerment, Inappropriate Content, Financial instruments,
Gambling, Illegal activities, User Generated Content, Unapproved Substances)

Checklist items intended to safeguard health and safety include:

e Disallowing apps that promote illegal activities such as the sale and purchase
of illegal drugs or prescription drugs without prescription, encouraging the
use or sale of drugs, alcohol, or tobacco by minors or providing instructions
for growing or manufacturing illegal drugs

e Prohibiting the sales of prohibited pharmaceuticals and supplements. The list
of products monitored by google can be found here: www.legitscript.com

e Prohibiting the publication of apps with false or misleading health claims,
including claims implying that a product is as effective as prescription drugs
or controlled substances

e Prohibiting the sales of non-government approved products that are marketed
to be safe or effective for use in preventing, curing, or treating a particular
disease or ailment. Products that have been subject to any government or
regulatory action or warning are also prohibited

e Prohibiting the sales of products containing human chorionic gonadotropin
(hCG) in relation to weight loss or weight control, or when promoted in
conjunction with anabolic steroids

2. Impersonation and Intellectual property
(Includes: Impersonation, Intellectual Property)

Checklist item intended to safeguard impersonation and intellectual property include:

o Developers are not allowed to falsely suggest an affiliation with another entity
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3. Privacy, security and deception
(Includes: User Data, Permissions, Device and Network Abuse, Malicious
Behaviour, Deceptive Behaviour, Misrepresentation)

Checklist items intended to safeguard consumers’ privacy and security include:

Requiring developer to be transparent in data handling (by posting a privacy
policy) by disclosing the collection, use, and sharing of the data, and limiting
the use of the data to the purposes disclosed, and the consent provided by the
user. In cases where users may not expect that their personal or sensitive user
data will be required to provide or improve the features of the app, these
disclosures must be within the app as a separate clause

Limiting the collection and use of sensitive data such as personally
identifiable information, financial and payment information, authentication
information, phonebook, contacts SMS and call related data, microphone and
camera sensor data, and sensitive device or usage data

By handling all personal or sensitive user data securely, including
transmitting it using modern cryptography

Requiring the developer to request permissions to access data and use the data
only for purposes that the user has consented to. Apps must be actively
registered as the default SMS, Phone, or Assistant handler before prompting
users to accept any of the above permissions and must immediately stop the
use of the permission when it is no longer the default handler

Disallowing developers to sell collected data or use alternative methods
(including other permissions, APIs, or third-party sources) to derive data
attributed to the above permissions

Disallowing apps to contain false or misleading information or claims,
including in the description, title, icon, and screenshots. For example, Apps
that feature medical or health-related functionalities that are misleading or
potentially harmful

Requiring developers to present the consent dialog in a clear and
unambiguous way (e.g. Affirmative user action to accept)

4. Monetization and Ads
(Includes: Payments, Subscriptions and Cancellations, Ads, Ad Network
Certification)

Checklist items intended to safeguard consumers’ interests include:

Disallowing apps that contain deceptive or disruptive ads
Disallowing ads that simulate or impersonate the user interface of any app,
notification, or warning elements of an operating system
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Prohibiting coercing the user to click an ad or submit personal information
for advertising purposes before they can fully use an app

Ensuring that the ads within the app does not interfere with the operation of
the device, and is easily dismissible without penalty

Ensuring that the ads shown within the app is appropriate for the intended
audience, even if the content is compliant with Google Play’s policies

5. Store listings and promotions
(Includes: App Promotion, Metadata, User Ratings, Reviews and Installs, Content
Ratings)

Checklist items intended to safeguard consumers’ interests include:

Disallowing apps that directly or indirectly engage in or benefit from
promotion practices that are deceptive or harmful to users or the developer
ecosystem, such as using deceptive ads on websites, apps, or other properties,
including notifications that are similar to system notifications and alerts,
promotion or installation tactics that redirect users to Google Play or
download apps without informed user action, and unsolicited promotion via
SMS services

Disallowing developers to manipulate the placement of any apps in Google
Play by inflating product ratings, review, or install counts by illegitimate
means, such as fraudulent or incentivized installs, reviews and ratings

6. Spam and Minimum Functionality
(Includes: Spam, Minimum Functionality)

Checklist item intended to safeguard impersonation and intellectual property include:

Developers are not allowed to publish apps that spam users or Google Play,
such as apps that send users unsolicited messages or apps that are repetitive
or low-quality

*Other checklist categories not listed in this document include: Other Programs,
Designing Apps for Children and Families, Ads and Monetization, Policy coverage,
Enforcement Process, Managing and Reporting Policy, Violations, Updates, and
Other Resources.
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Appendix 3 Smartphones and operating systems for app

assessments

Supplementary material 1

Table A3: List of smartphones and their operating systems used for app assessment

Phone model

Original Operating system

Operating system version*

iPhone 5¢ i0S i0S 10.3.3
iPhone 6 i0S 8.0 i0S 11.1
iPhone7 i0S 10.0.1 i0S 11.1

Samsung Galaxy A5

Android 6.0.1 "Marshmallow"

Android 7.0 (Nougat)

Samsung Galaxy A7

Android 6.0.1 "Marshmallow"

Android 7.0 (Nougat)

Samsung J7 Pro

Android 7.0 (Nougat)

Android 7.0 (Nougat)

Samsung Galaxy Note 4

Android 4.4.4 “KitKat”

Android 6.0.1 "Marshmallow"

OnePlus 3T

OxygenOS

OxygenOS

*Listed above are the phones and OS versions used for our app assessment. The earliest OS version
at the start of the app assessment exercise was listed; minor OS version updates may occur during
the few months of app assessment but did not affect the apps.
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A4.1 Consort 2010 checklist for pilot or feasibility trial reporting

Table A4.1 Consort 2010 checklist of information to include when reporting a pilot or

feasibility trial

Yes/
Section/ Item o
Topic No Checklist item No/
P ' N.A.
Title and abstract
1a Identification as a pilot or feasibility randomised trial in the
title
Structured summary of pilot trial design, methods, results,
1b and conclusions (for specific guidance see CONSORT Y
abstract extension for pilot trials)
Introduction
’a Scientific background and explanation of rationale for future v
Background definitive trial, and reasons for randomised pilot trial
and objectives o o . . .
J 2b Specific objectives or research questions for the pilot trial Y
Methods
3a Description of pilot trial design (such as parallel, factorial) v
. . including allocation ratio
Trial design - -
3b Important changes to methods after pilot trial NA
commencement (such as eligibility criteria), with reasons o
- 4a Eligibility criteria for participants Y
Participants - g y P P
4b Settings and locations where the data were collected Y
4c How participants were identified and consented Y
The interventions for each group with sufficient details to
Interventions 5 allow replication, including how and when they were Y
actually administered
Completely defined prespecified assessments or
6a measurements to address each pilot trial objective specified Y
Outcomes in 2b, including how and when they were assessed
6b Any changes to pilot trial assessments or measurements NA
after the pilot trial commenced, with reasons o
6e If applicable, prespecified criteria used to judge whether, or
how, to proceed with future definitive trial
7a Rationale for numbers in the pilot trial Y
Sample size 7b When applicable, explanation of any interim analyses and v
stopping guidelines
Randomisation:
8a Method used to generate the random allocation sequence Y
Sequence —— - —
. Type of randomisation(s); details of any restriction (such as
generation 8b . .
blocking and block size)
. Mechanism used to implement the random allocation
Allocation . .
sequence (such as sequentially numbered containers),
concealment 9 . . Y
) describing any steps taken to conceal the sequence until
mechanism . . .
interventions were assigned
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Who generated the random allocation sequence, who
Implementation | 10 enrolled participants, and who assigned participants to Y
interventions
If done, who was blinded after assignment to interventions
- 1lla (for example, participants, care providers, those assessing Y
Blinding
outcomes) and how
11b If relevant, description of the similarity of interventions N.A.
Statistical 12 Methods used to address each pilot trial objective whether
methods qualitative or quantitative
Results
For each group, the numbers of participants who were
Participant flow 13a approached and/or assessed for eligibility, randomly v
(a diagram is assigned, received intended treatment, and were assessed
strongly for each objective
recommended) 13b For each group, losses and exclusions after randomisation,
together with reasons
. 1l4a Dates defining the periods of recruitment and follow-up Y
Recruitment - -
14b Why the pilot trial ended or was stopped N.A.
Baseline data 15 A table . s.howing baseline demographic and clinical
characteristics for each group
For each objective, number of participants (denominator)
Numbers . . .
analysed 16 included in each analy5|s. If relevant, these numbers Y
should be by randomised group
For each objective, results including expressions of
Outcomes and 17 uncertainty (such as 95% confidence interval) for any v
estimation estimates. If relevant, these results should be by randomised
group
Ancillary 18 Results of any other analyses performed that could be used v
analyses to inform the future definitive trial
Harms 19 All important harms or unintended effects in each group (for NA.
specific guidance see CONSORT for harms)
19a If relevant, other important unintended consequences N.A.
Discussion
Limitations 20 Pilot trlalillmltatlons, gddressmg soqrggs of potential bias v
and remaining uncertainty about feasibility
L Generalisability (applicability) of pilot trial methods and
Generalisability | 21 findings to future definitive trial and other studies Y
Interpretation consistent with pilot trial objectives and
Interpretation 22 findings, balancing potential benefits and harms, and Y
considering other relevant evidence
Implications for progression from pilot to future definitive
22a o . Y
trial, including any proposed amendments
Other information
Registration 23 Registration number for pilot trial and name of trial registry N.A.
Protocol 24 Where the pilot trial protocol can be accessed, if available N.A.
Funding o5 Sources of funding and other support (such as supply of v
drugs), role of funders
26 Ethical approval or approval by research review committee, v
confirmed with reference number

Reference: Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT
2010 statement: extension to randomised pilot and feasibility trials. Pilot and feasibility studies.

2016;2(1):64.
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Table A4.2 Authors’ checklist of the study with the assessment of mHealth evidence

reporting and assessment (mERA) guidelines

the mHealth intervention in lieu of a full
economic analysis. If a formal economic
evaluation has been undertaken, it should be

oo Item Comments from
Criteria Notes
no authors
_Clearly presents the availability of The smartphone
infrastructure  to  support  technology .
o ; ) penetration rate of
operations in the study location. This refers to :
Infrastructure . . i Singapore was presented
. physical infrastructure such as electricity, | : .
(population 1 - in the local | I the Methods section to
level) access to power, connectivity etc. in the loca show Singapore as a
context. Reporting X% network coverage rate .
. L SR - relevant study setting for
in the country is insufficient if the study is not - )
: digital health studies.
being conducted at the country level
Describes and provides justification for the | The digital data collection
technology architecture. This includes a | platform — REDCap and
Technology d o P d hard alith ial
latform 2 escription o softw”are. and hardware and | the ~ commercia app-
p details of any modifications made to publicly | Medisafe® was described
available software in the Methods section.
Describes how mHealth intervention can
. integrate into existing health information | This criterion is relevant but
Interoperability f hether th ial of f i
/Health systems. Refers to whether the potential of | premature for a pi Qt.:.study
information 3 technical and structural integration into | assessing the feasibility of
existing HIS or programme has been | introducing an app to
systems (HIS) : ; X o
described irrespective of whether such | support medication
context . - . S
integration has been achieved by the existing | management.
system
The delivery of the mHealth intervention is
clearly described. This should include . .
. h . Intervention delivery was
Intervention frequency of mobile communication, mode of . .
. 4 : . ' . described in the methods
delivery delivery of intervention (that is, SMS, face to ;
. X . . section.
face, interactive voice response), timing and
duration over which delivery occurred
Intervention content was
described in the methods
Intervention Details of the content of the intervention are | section; the recruitment
5 described. Source and any modifications of | process was tailored to the
content ) ’ ; . ]
the intervention content is described local context; there were no
modifications to the app or
questionnaires.
iy | B e e oun | IS sy constues
testing . ity 9 | target group formative research.
clearly identified, as appropriate
Describes user feedback about the
intervention or user satisfaction with the | User satisfaction was
User feedback 7 intervention. User feedback coulq include | assessed as one of the
user opinions about content or user interface, | study  outcomes  and
their perceptions about usability, access, | reported in the manuscript.
connectivity, etc
Mentions barriers or facilitators to the
adoption of the intervention among study . .
e A Barriers and facilitators to
Access of participants. Relates to individual-level ; )
e . . X the intervention  were
individual 8 structural, economic and social barriers or . . . ;
I -~ I described in the discussion
participants facilitators to access such as affordability, section
and other factors that may limit a user’s ability ’
to adopt the intervention
Presents basic costs assessment of the | Costs were not assessed in
mHealth intervention from varying | this feasibility study. Apart
perspectives. This criterion broadly refers to | from the costs of data
Cost . . ;
assessment 9 the reporting of some cost considerations for | collectors, vouchers (token

of appreciation for
participants) and  app
subscription (for
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mentioned with appropriate references.
Separate reporting criterion is available to
guide economic reporting

researchers), we worked
with existing infrastructure
within ~ the  healthcare
institute.

Describes how people are informed about the

intervention

engagement, use of backend data to track
message delivery and other technological
challenges in the delivery of the intervention

Adoption programme including training, if relevant. | It was described in the
inputs/ 10 Includes description of promotional activities | methods  section  that
programme and/or training required to implement the | participants were referred
entry mHealth solution among the user population | by their doctor to the study.
of interest
Iagﬂ\'/t::;?;ts for 11 Clearl)_/ presents mHealth solution limitations \I;Vlg]rgat'z?siug;eéheinsniﬁg
for delivery at scale ; ; -
scale discussion section.
The recruitment process
Describes the adaptation, or not, of the | was tailored to the local
solution to a different language, different | context, but the app and
Contextual 12 population or context. Any tailoring or | surveys were not as this is
adaptability modification of the intervention that resulted | a feasibility study to assess
from pilot testing/usability assessment is | the acceptability of
described introducing an app to
patients.
A commercial app and
Detailed intervention to support replicability. | digital data  collection
Clearly presents the source | platform which was easily
Replicabili code/screenshots/  flowcharts  of  the | accessible was used.
eplicability 13 :
algorithms or examples of messages to | Flowcharts were presented
support replicability of the mHealth solution in | in the methods and results
another setting section to explain the
recruitment process.
The study content was
checked and approved by
. Describes the data security procedures/ two InSt'tUtr'](.)nt? | Review
Data security 14 confidentiality protocols Soards, which covered
ata security and
confidentiality ~ protocols
prior to commencement.
Compliance Mechanism used to assure that content or | The study content was
with national other guidance/information provided by the | checked and approved by
guidelines or 15 intervention is in alignment with existing | two Institutional Review
regulatory national/regulatory  guidelines and is | Boards prior to
statutes described commencement.
Was the intervention delivered as planned?
Descrlbe_ the strategl_es emplgyed to 8SSess |\ iberence to the stu dy,
Fidelity of the _the fidelity of the intervention. Thls. may including usage of the app
16 include assessment of participant

was described in the
results section.

Reference: Agarwal S, LeFevre AE, Lee J, L’'Engle K, Mehl G, Sinha C, et al. Guidelines for reporting
of health interventions using mobile phones: mobile health (mHealth) evidence reporting and

assessment (MERA) checklist. BMJ. 2016;352:i1174.
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I*‘ 82?12?; Hospital m
Help us to improve
your diabetes care!

\

Who ch

Aged bet [0 7 .
participate? e Uses a smartphone app daily
(Other conditions apply)
* You will need to answer a few online questionnaires

Wharidoes tha on how you feel about and manage your diabetes.
study involve?

e You may be asked to use an app for 3 months
What you need | ® Your usual care will not be affected
to know e Your information will be kept confidential

Eligible participants will receive participant incentive (NTUC voucher)

If you are interested to participate and would like to know more
about this research study, please inform your doctor.
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Appendix 6 Feasibility trial questionnaires

A6.1 ASK-12 questionnaire

Changi
K General Hospital

el Coboge SingHealth

Lovbon

Research ID:

Adherence starts with knowledge - 12 (ASK-12) questionnaire

You will be asked to rate 12 statements on your medication taking behaviour. To complete this survey,
please mark the response that best reflect your current medication taking status

INCONVENIENCE/FORGETFULNESS

Strongly Strongly
Agree Neutral | Disagree Disagree
Q1 | I forget to take my medicines some of the time
o | run out of my medicines because | don't get refills on
time
a3 Taking medicines more than once a day is
inconvenient
TREATMENT BELIEFS
Strongly Strongly
Agree Agree | Neutral | Disagree Disagree
a4 | feel confident that each one of my medicines will
help me
QS5 | | know if I am reaching my health goals
a6 | have someone whom | can call with questions about
my medicines
a7 My doctor/nurse and | work together to make
decisions
BEHAVIOUR
Inthe | Inthe | Inthe thl-':l:;z
last last last 3 months Never
week | month | months
ago
Have you taken a medicine more or less often than
Q8
prescribed?
Q9 Have you skipped or stop taking a medicine because
you didn't think it was working?
Q10 Have you skipped or stop taking a medicine because it
made you feel bad?
a1 Have you skipped, stopped, not refilled, or taken less
medicine because of the cost?
Q12 Have you not had medicine with you when it was time
to take it?

©GlaxoSmithKline
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A6.2 Appraisal of diabetes scale

Changi
General Hospital

SingHealth

Research 1D:
Appraisal of Diabetes Scale (ADS)

People differ in their thoughts and feelings about having diabetes, We would like to know how you feel about having
diabetes. Therefore, please mark the answer to each question which is closest to the way you feel. Please give your
honest feelings - we are interested in how you feel, not what your doctor or family may think.

1. How upsetting is having diabetes for you?

1 2 3 4 5
Moderatel Ext |
Not at all Slightly upsetting oderately Very upsetting xiremely
upsetting upsetting
2. How much control over your diabetes do you have?
1 2 3 4 5
Moaerate
None at all Slight amount Large amount Total amount
amniint
3. How much uncertainty do you currently experience in your life as a result of being diabetic?
1 2 3 4 5
. Moderate Extremely large
None at all slight amount Large amount
amount amount

How likely is your diabetes to worsen over the next several years? (Try to give an estimate based on your

& personal feeling rather than based on a rational judgement.)
1 2 3 4 5
Not likely at all slightly likely Moderately likely very likely Extremely likely
5 Do you believe that achieving good diabetic control is due to your efforts as compared to factors which are
" beyond your control?
1 2 3 4 5
Partly because of
Totally because of Mostly because me and partly Mostly because Totally because of
me of me because of other of other factors other factors
factors

6. How effective are you in coping with your diabetes?

1 2 3 4 5
Moderately Extremely
Not at all slightly effective effective very effective effective
7. Towhat degree does your diabetes get in the way of your developing life goals?
1 2 3 4 5
Moderati Ext Iy |
Mot at all Slight amount oderate Large amount xiremely large
amount amount

©Maichael P. Carey, Professor, Behavioral and Soclal Sciences (Public Health), Brown University
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Changi
l*‘ General Hospital
SingHealth
Diabetes Self-Management Questionnaire (DSMQ)
applies to
The following statements describe self-care aclivities related to applies | metoa | applies | does
your diabetes. Thinking about your self-care over the last 8 weeks, | to me | consider- | to me not
please specify the extent to which each statement applies to you. very able |tosome| apply
much | degree | degree | to me
1. | check my blood sugar levels with care and attention.
[ Biood sugar measurement is not required as a part of my treatment. 0s L2 [ Clo
2. The food | choose to eat makes it easy to achieve optimal
blood sugar levels. mE L2 [y Lo
3. I keep all doctors’ appointments recommended for my diabetes
treatment. O3 02 my Oo
4. | take my diabetes medication (e. g. insulin, tablets) as
prescribed. 3 2 mk o
D Diabetes medicationdnsulin is not required as a part of my treatment.
5. Occasionally | eat lots of sweets or other foods rich in
carbohydrates. mE L2 Y 0o
6. | record my blood sugar levels regularly (or analyse the value
chart with my blood glucose meter). O3 2 O Clo
[ Biood sugar measurement is not required as a part of my treatment,
7. I tend to avoid diabetes-related doctors’ appointments. 3 2 (] o
8. llecic; ||;\:a.gular physical activity to achieve optimal blood sugar s (2 ml o
9. | strictly follow the dietary recommendations given by my
doctor or diabetes specialist. s 02 y 0o
10. 1 do not check my blood sugar levels frequently enough as
would be required for achieving good blood glucose control. 3 M2 M o
[ Blood sugar measurement is not required as a part of my treatment,
11. I avoid physical activity, although it would improve my
diabetes. 03 02 th Clo
12. |1 tend to forget to take or skip my diabetes medication (e. g.
insulin, tablets). 3 2 (g o
|:| Diabetes medicationfinsulin is not required as a part of my treatment.
13. Sometimes | have real ‘food binges’ (not triggered by
hypoglycaemia). 0s 02 h Clo
14. Regarding my diabetes care, | should see my medical
practitioner(s) more often. s L2 Ch Clo
15. | tend to skip planned physical activity. 13 ]2 il o
16. My diabetes self-care is poor. (] 2 [ o
© Dr Andreas Schmitt, Research Institute of the Diabetes Academy Mergentheim, Germany, 2012
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A6.4 Intermediate survey (Intervention group only)

Appendices

Research ID:

management app. Please mark the response that most reflect your preference level.

1a) Are you still using the app?

D Yes D No

When was the last time you log into the app? (e.g. logged a medication taken or skipped/looked at

1b) the medication report)

D Today/Yesterday [:I 3-5days ago |:| A week ago l:l More than a week ago

2) Thinking of the past few days, how far did you agree that the app:

a) Made you more aware of your adherence to medication?
agree

b) Made you more adherent to your medication?
agree

¢) Made you more confident in managing your medication?

e) Iseasyto use

Changi
+ General Hospital
SingHealth

You will be asked to rate your level of agreement on a few statements regarding your use of the medicines

Strongl " Strongl
Bly D Agree D Neutral D Disagree O disagfez

D Strongly D Agree D Neutral D Disagree D Strongly

disagree

D Shonsly D Agree D Neutral D Disagree D Strongly

agree disagree
d) Reduces the stress of managing your medication
Strongly = Strongly
Neutral D
ciiee D Agree [ Neutra D isagree D i

O Strongly [0 Agree O Neutral [ oisagree O Strongly

agree disagree
f)  Annoys you when the notification goes off?
Strongly _ Strongly
Neutral D
e [] Agree [ Neutra [ pisagree O S
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A6.5 Intervention group final survey

Page 1 of 1

Finally...

1) Onascaleof 1to 10, with 10 being very satisfied, how would you rate your experience in using an app for managing
your medication?

O1 02 O3 O4 O5 06 O71 O8 O9 O

2)  Would you recommend Medisafe to another person with the same condition?

OYes O No

3)  Would you trust your doctor to recommend an app to manage your condition?
O Yes (O No

4)  Will you continue to use the Medisafe app after today?
OYes ONo

5) Was the length of the study
O Tooshort O Justnice (O Too long

6) How do you think the app can be improved?
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A6.6 Control group final survey

- Page T of 1
Finally...

Did you use any apps to manage your medications in Q Yes

the past three months? O No

If yes, what app did you use?
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Appendix 7 Sample size estimation for a full trial

The sample size calculations for comparing two continuous means were based on
80% power, 5% significance and a two-sided test. A pre-test post-test control study
design was used for sample size estimation. Usually, a pilot trial is required to find

the variance or standard deviation to the sample for better estimation.

Medication adherence as outcome

Two-sided test

Mean difference 3% 5% 7% 10% 12%
Standard deviation 15 15 15 15 15
Sample size per arm 883 221 99 44 30

Variance estimation: The standard deviation reported in other studies are about 12 —
14%'*, Hence, a 15% deviation is used as an estimation. The average baseline
medication adherence estimation is approximately 74% while medication adherence
is defined to be >90% for the instruments that tend to achieve ceiling effects 3.
Medication adherence may improve or worsen, so a two-sided estimation is used in

this case.

One-sided test

Mean difference 3% 5% 7% 10% 12%
Standard deviation 15 15 15 15 15
Sample size per arm 696 174 78 35 23

Due to over-estimation at baseline, there is a risk of a ceiling effect, so a 5%
difference in improvement between groups should be estimated to be more
conservative. Therefore, a crude estimate would be to assume a sample size of 221
should a full trial be conducted. However, an improvement in medication adherence

does not necessarily lead to better health outcomes, which should be considered.
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HbAlc as outcome

The sample size required to detect a 0.62% reduction in HbA1c®® with 80% power at
a 5% significance is 151 per group, assuming equal group ratio. The effect size was
estimated as a short term(<émonths) improvement from a meta-analysis of studies
looking at mobile phone applications to improve glycaemic control (HbALc) in the
Self-management of T2D. The sample size was computed from a mean HbAlc of
8.688% £1.915%, of 6177 patients recruited for a T2D lifestyle intervention managed
by Changi General Hospital.
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Appendix 8 Institutional Research Board approval letters

A8.1 SingHealth CIRB approval letter

Tel:(65) 6225 0488

Fax: (65) 6557 2138

Singapore Health Services Pte Ltd
31 Third Hospital Avenue

. #03-03 Bowyer Block C
Slng Health Singapore 168753
www.singhealth.com.sg

Defining Tomorrow’s Medicine UEN No. 2000026982

CIRB Ref: 2018/2563
4 September 2018

Dr Tan Eberta Jun Hui
Department of Endocrinology
Changi General Hospital

Dear Dr Tan

SINGHEALTH CENTRALISED INSTITUTIONAL REVIEW BOARD (CIRB) APPROVAL

Protocol Title: Smartphone apps for medication adherence in people with type 2
diabetes: A feasibility trial

We are pleased to inform you that the SingHealth CIRB C has approved the above research
project to be conducted in Changi General Hospital.

The documents reviewed are:

) CIRB Application Form dated 1 Sep 2018

)  Protocol: Version 2

)  Participant Information Sheet and Consent Form

) Recruitment Pamphlet

)  Features of Medisafe

) Adherence Starts with Knowledge - 12 (ASK-12) Questionnaire
7) Diabetes Self-Management Questionnaire (DSMQ)

8) The Summary of Diabetes Self-Care Activities (SDSCA)
9)  Visual Analogue Scale

10) Process Indicator Questionnaire

11) Intervention Satisfaction Survey

12) Control Group Final Questions

13) Appraisal of Diabetes Scale

14) Visual Explanation of Data Collection on Redcap

15) Sociodemographic Questionnaire

The SingHealth CIRB operates in accordance with the ICH Guideline for Good Clinical
Practice, and with the applicable regulatory requirement(s).

The approval period is from 4 September 2018 to 14 August 2019. The reference number for
this study is CIRB Ref: 2018/2563. Please use this reference number for all future
correspondence.

PATIENTS. AT THE HE™ RT OF ALL WE DO.°

SingHealth Duke-NUS Academic Medical Centre

Singapore General Hospital « Changi General Hospital - Sengkang General Hospital - KK Women's and Children’s Hospital
National Cancer Centre Singapore - National Dental Centre Singapore « National Heart Centre Singapore

National Neuroscience Institute - Singapore National Eye Centre - SingHealth Community Hospitals - SingHealth Polyclinics
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CIRB Ref 2018/2563

The following are to be observed upon SingHealth CIRB Approval:

1. No participant should be admitted to the trial before the Health Sciences Authority
notification/ authorisation/ approval has been obtained (for studies involving
therapeutic or medicinal products).

2. The Principal Investigator should ensure that this study is conducted in compliance
with the ICH Guideline for Good Clinical Practice, the ethical guidelines of which are
applicable to all studies to be carried out, and to ensure that the study is carried out in
accordance to the guidelines and the submitted protocol. The Principal Investigator
should meet with the study team regularly to assess the progress of the study, and be
familiar and comply with all applicable research policies in the Institution.

3. No deviation from, or changes of, the protocol should be initiated without prior written
SingHealth CIRB approval of an appropriate amendment, except when necessary to
eliminate immediate hazards to the subjects or when the change(s) involve(s) only
logistical or administrative aspects of the trial (e.g. change of monitor(s), telephone
number(s).

4. Only the approved Participant Information Sheet and Consent Form should be used. It
must be signed by each participant prior to enrolling in the study and initiation of any
protocol procedures. Two copies of the Informed Consent Form should be signed and
dated. Each participant or the participant's legal representative should be given a
copy of the signed consent form. The remaining copy should be kept by the Pl /
medical record.

5. The Principal Investigator should report promptly to the SingHealth CIRB of:

i. Deviations from, or changes to the protocol including those made to eliminate
immediate hazards to the trial subjects.

ii. Changes increasing the risk to subjects and/or affecting significantly the conduct
of the trial.

iii. All serious adverse events (SAEs) and adverse drug reaction (ADRs) that are
both serious and unexpected.

iv. New information that may affect adversely the safety of the subjects or the
conduct of the trial.

v. Completion of the study.

6. Study Status Report should be submitted to the SingHealth CIRB for the following:

i. Study renewal: the Study Renewal Report is to be submitted at least two months
prior to the expiry of the approval period. A valid SingHealth CIRB renewal is
essential, as any research performed outside of an approved time frame is not
legal, and thus not covered by the hospital's research insurance in case of
unexpected adverse reactions.

ii. Study completion, withdrawal or termination: the Study Closure Report is to be
submitted within 30 days after completion of the study. When the study is
withdrawn or terminated by the Institution, Pl or the sponsor, the Pl should
submit the Study Closure Report within 7 days.

Yours sincerely,
Dr J Raghuram

Chairman
SingHealth Centralised Institutional Review Board C
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A8.2 NTU IRB approval letter

TR NANYANG
¥ TECHNOLOGICAL
@7 UNIVERSITY

N2 SINGAPORE
IRB-2018-09-029
9 January 2019

Associate Professor Josip Car
Lee Kong Chian School of Medicine

NTU INSTITUTIONAL REVIEW BOARD APPROVAL
Project Title: Smartphone apps to improve adherence in patients with type 2 diabetes: A feasibility
trial

| refer to your application for ethics approval with respect to the above project.

The Board has considered your application and noted from your application that your research
involves collecting behavioral data from participants through questionnaire and survey.

You have also confirmed that informed consent will be obtained from the participants and you have
guaranteed the confidentiality of your participants’ biodata obtained from them.

The documents reviewed are:
a) NTU IRB application form dated 28 September 2018
b) Participant information sheet and consent form: version 1 dated 28 September 2018
¢) Data collection form: version 1 dated 28 September 2018

The Board is therefore satisfied with the bioethical consideration for the project and approves the
ethics application under Expedited review. The approval period is from 9 January 2019 to 8 January
2020. The NTU IRB reference number for this study is IRB-2018-09-029. Please use this reference
number for all future correspondence.

The following protocol and compliances are to be observed upon NTU IRB approval

1. Any research involving subjects less than 21 years old would require IRB approved written
Parental Consent and consent from the participant before any research protocols can be
administered unless waiver of consent is given by IRB. Minimal risk refers to an anticipated
level of harm and discomfort that is no greater than that ordinarily encountered in daily life, or
during the performance of routine educational, physical, or psychological examination.

2. Only the approved Participants Information Sheet and Consent Form should be used. It must
be signed by each subject prior to initiation of any protocol procedures. In addition, each
subject should be given a copy of the signed consent form.

3. Consent forms are important documents therefore they should be stored in the strictest
arrangement, Loss of consent form would result in disciplinary action.

4. No deviation from, or changes of, the protocol should be initiated without prior written NTU
IRB approval of an appropriate amendment.

5. The Principal Investigator should report promptly to NTU IRB regarding:

Research Integrity and Ethics Office, NTU Institutional Review Board
62 Nanyang Drive, Block N1.2-B1-02A, Singapore 637459, T: (65) 6592-2495, www.ntu.edu.sg
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a. Deviation from, or changes to the protocol,

b. Changes increasing the risk to the subjects and/or affecting significantly the conduct
of the trial

c. All serious adverse events (SAEs) which are both serious and unexpected.

d. New information that may affect adversely the safety of the subjects of the conduct
of the trial.

e. Completion of the study.

Continuing Review Request/ Notice of Study completion form should be submitted to NTU IRB
for the following:
a. Annual review: Status of the study should be reported to the NTU IRB at least
annually using the Continuing Review Request/ Notice of Study completion form.
b. Study completion or termination: Continuing Review Request/ Notice of Study
completion form is to be submitted within 4 to 6 weeks of study completion or
termination.

All Principal Investigators should comply with existing legislation that would have an impact on
the domain of their research.

Advertisements/ Notices for recruitment of subjects must meet the following requirements:
a. Advertisements must clearly state that volunteers are being recruited to participate
in an NTU research project with proper research title and NTU logo.
b. Name and contact details of Principal Investigator (usually a faculty member), and
NTU-IRB contact details (Tel: 6592 2495; Email:IRB@ntu.edu.sg) should be provided.
c. The NTU-IRB project reference number should be stated.
Advertisements should include eligibility criteria.
e. Advertisements recruiting Minors must explicitly state that parental consent is
required for participation (unless NTU-IRB has granted approval for a waiver of
parental consent).

o

Advertisements/ Notices should NOT contain the following:

a. State or imply a certainty of favourable outcome or other benefits beyond what is
outlined in the informed consent form and the application/protocol.

b. Make claims, either explicitly or implicitly, that a procedure or intervention is safe

or effective or superior to other standard procedures or interventions.

Use catchy words like “free” or “exciting.”

d. Advertisements may state that participants will be paid, but should not emphasize
the payment or the amount to be paid (e.g. by such means of larger or bold type)

o

Vs

Professor Lionel Lee
Chair, NTU Institutional Review Board

encl.

Research Integrity and Ethics Office, NTU Institutional Review Board

62 Nanyang Drive, Block N1.2-B1-02A, Singapore 637459, T: (65) 6592-2495, www.ntu.edu.sg
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