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Abstract

Technology for the management of Type 1 Diabetes (T1D) has been available
in Ireland for a number of decades. Research has confirmed that continuous
subcutaneous insulin infusion (CSlI) therapy has the ability to improve
glycaemic control of individuals with T1D while enhancing their quality of life.
Similarly, the continuous glucose monitor (CGM) removes the need to
regularly finger prick in order to test blood glucose. Despite these positive
findings, the uptake of both devices is relatively low amongst the T1D adult
population in Ireland (Noctor and Firth, 2010, Donaghy, 2016).

This qualitative exploratory research sets out to identify the factors contributing
to the uptake of CSIl and CGM technologies in Ireland by understanding the
impact of both devices on the self- management of T1D for adults living with this
chronic illness. The research adopted a qualitative approach by conducting a
number of semi-structured interviews with a network sample including both

healthcare professionals and Type 1 diabetics in Ireland.

The findings of the research discovered that appropriate patient selection and
education are vital to enable successful self-management of T1D using CSII
and CGM technology. When used appropriately by suitable candidates, CSlI
can positively impact T1D in terms of improved health outcomes. A perception
of enhanced quality of life through greater flexibility and better real time decision
making is also associated with the use of CSIl. More evidence based research
is required to confirm the connection between the CGM device and health
outcome. However, CGM has the ability to impact quality of life both positively
and negatively when used to manage T1D. Similar to the insulin pump, the
device was found to provide greater flexibility. However, CGM may increase
anxiety levels of the user through alerts and alarms along with the constant flow

of data which in some cases can lead to information overload.

Keywords: Type 1 Diabetes, self-management, continuous subcutaneous

insulin infusion, continuous glucose monitor
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1 Introduction

1.1 Context

Technological advances and innovation in healthcare are leading to vast
improvements in the industry. This has had an impact on the way in which
services are provided to patients, especially those suffering from a chronic
illness. Responsibility is shifting from healthcare professionals to the individual,
in order to manage their illness more efficiently on a day to day basis. This is
true in the case of Type 1 Diabetes (T1D) where it is vital that the patient
carefully controls glycaemic levels in order to reduce the risk of diabetes related
comorbidities such as microvascular and neurological complications (Skyler,
2004).

Without the use of some degree of technology, the day to day management of
T1D would be near impossible. There are many technologies and devices
available on the market which can be used to manage T1D such as insulin pens,
blood glucose meters, bolus calculators, continuous glucose monitors, insulin
pumps and smart phone applications to name a few (Free et al., 2013). This
research dissertation relates to the impact of technology on the management of
T1D.

1.2 Background

1.2.1 Diabetes in Ireland

According to the World Health Organisation (WHO) (2016) there are
approximately 422 million adults over the age of 18 living with diabetes
worldwide. An estimated quarter of a million of reported cases reside in Ireland.
The number of people living with diabetes in Ireland is increasing and it
expected to do so over the next five years, however, the absence of an official
national diabetes register makes it difficult to predict demand (Smyth et al.,
2017). The prevalence of T1D is on the rise with T1D accounting for
approximately between 10% to 15% of the total diabetic population in Ireland
(Diabetes Ireland, 2017).
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1.2.2 Diabetes Mellitus

T1D occurs as a result of beta cell destruction in the pancreas, these beta cells
produce a hormone called insulin which regulates blood glucose levels (Yoon
and Jun, 2005). Because endogenous production of insulin is generally absent
or in very small quantities in T1D patients, lifelong treatment with insulin therapy
is required (American Diabetes Association, 2009). The exact cause of T1D is
unknown, however, it is suggested that the illness can arise as a result of

genetics and or environmental factors (LeRoith et al., 2004, p. 459).

Self-management

Diabetes demands accurate and continuous self-management (Schilling et al.,
2002). The key feature of self-care of any chronic illness is that people
participate effectively in managing their own healthcare on a continuous basis
(Wilkinson et al., 2014). T1D requires patient engagement and ongoing decision
making with regards to glucose monitoring, administering insulin, adjusting
dosage, carbohydrate counting and planning required adjustments for physical
activity (Alvarado-Martel et al., 2015). Glucose monitoring devices, bolus
calculators, insulin pens and pumps are technologies available on the market

which can be used to perform these self-monitoring tasks.

A fundamental element of self-management is the monitoring of glycaemic
levels to ensure patient specific targets can be met and maintained. The
monitoring of overall glycaemic control is clinically assessed to facilitate
necessary steps required to respond correctly to changes in glycaemic levels
for optimum control (Shrivastava et al., 2013). Self-monitoring delivers current
data trends and information on glycaemic levels, which can enable evaluation
of therapy guiding necessary adjustments to diet, exercise and medication in

order to achieve optimal glycaemic control (Colberg et al., 2010).

Technologies

Technologies for diabetes management, such as continuous subcutaneous
insulin infusion (CSII) and continuous glucose monitoring (CGM) systems, have
improved remarkably over the last number of decades (Giani et al., 2015). Both
technologies contribute to the self-management of T1D. The CSIl device
delivers insulin to the individual while the CGM monitors glycaemic levels,
allowing the user to make an informed decision when responding to their

diabetes.
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Csll

CSill or insulin pumps attempt to carefully imitate the behaviour of the pancreas
by providing a continuous level of basal insulin to the body with additional
boluses at meal times (Reece and Hamby Williams, 2014). Modern CSII pumps
are comprised of a small battery-operated device designed to administer insulin
subcutaneously through the abdominal wall (Health Quality Ontario, 2009). The
pump is attached to the individual by an infusion set that consists of long flexible
tubing with a cannula on one end that is inserted subcutaneously into the patient
while the other end of the tubing is attached to a reservoir containing insulin and
is placed inside the pump (Forde, 2011). Similar to Multiple Daily Injections
(MDYI), insulin dose is adjusted in response to measured blood glucose values
(Health Quality Ontario, 2009).

CGM

CGM devices measure an individual’s interstitial glucose on an ongoing basis
(Tamborlane et al., 2008). The technology consists of three components, a
glucose sensor, a transmitter and a receiver-monitor (Benhamou et al., 2012):

1. The glucose sensor is inserted subcutaneously using a sensor
applicator tool. Sensors can last for up to 7 days before replacement is
required.

2. Calibration with blood glucose is required up to 3 times a day due to the
physiological lag time between blood and interstitial glucose
concentration.

3. A transmitter is connected to the sensor to communicate the signal to a

receiver-monitor.

The combination of both CSIl and CGM technology is referred to as Sensor-
Augmented Pump (SAP) therapy. When used correctly, SAP has been proven
to improve metabolic control, reduce glycaemic variability and reduce the rate
of hypoglycaemia in adults with T1D when compared with MDI (Tumminia et al.,
2015).

1.3 Purpose of research

Diabetes places a significant burden of care on the individual, healthcare
professionals and the wider health system (Tracey et al., 2016). At present,
€1.35 billion or about 10% of the total annual Irish healthcare budget is spent
on diabetes and care for diabetes related complications including blindness,

heart disease, kidney failure, and limb amputations (Canavan, 2013).
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Continuous improvements and innovations in technology and healthcare can
greatly improve the management of chronic illness and reduce long term costs
(Hitachi, 2016).

1.3.1 Research problem

Technology for the management of T1D has been available for many years.
CSII therapy was first introduced in the late 1970’s and has vastly improved
since then in terms of mobility, size and ability to improve glycaemic control
when compared with insulin injections (Selam, 2010). Despite this, the uptake
of such devices is relatively low. In Ireland, it is estimated that 6% of adults with
T1D use CSII (Noctor and Firth, 2010). In 2012, the HSE launched ‘The Insulin
Pump Programme for Children under 5 years of age’ with the goal of providing
CSill to children under 5 with T1D. However, no such programme was replicated
for adults (O'Riordan et al., 2015). Guidelines for pump usage in adult’s state
that CSIl should only be recommended to an adult with T1D experiencing
severe hypoglycaemia or those with persisting high levels of Haemoglobin Alc
(HbALc) despite a high standard of care (NICE, 2008).

Similarly, the CGM device was first introduced in 1999 (Gomez and Umpierrez,
2014). CGM s proven to reduce the risk of hypoglycaemia and hyperglycaemia,
glycaemic variability and thus enhance the individual’s quality of life (Rodbard,
2017). There are no statistics currently available on the number of T1D users of
CGM devices in Ireland however, it is estimated that this is only a small minority

relative to the diabetic population (Donaghy, 2016).

This research aims to gain an insight into the factors contributing to the uptake
of CSIl and CGM technologies in Ireland by understanding the impact of both

devices on the management of T1D for adults living with this chronic iliness.

1.4 Research question

The main goal of this research is to answer the question:
What is the impact of CSIl and CGM technologies on the management

of Type 1 Diabetes for adults in Ireland?

The objectives of the research are:
1. Identify the key areas contributing to the use of CSIl for T1D self-

management by adults in Ireland.
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2. Identify the key areas contributing to the use of CGM for T1D self-
management by adults in Ireland.
Understand the perception of CSII from real life experience.
Understand the perception CGM from real life experience.
Determine the barriers to uptake (if any) of CSIl and CGM.

1.5 Research Rationale

The research topic is an important area of study as the number of people in
Ireland with T1D is rising year on year (Diabetes Ireland, 2017). It is anticipated
that this increase will result in increased costs to the Health Service Executive
(HSE) (Smyth et al., 2017, Diabetes Ireland, 2017).

There is an opportunity to leverage technology to reduce this burden over time,
as innovation in healthcare technology has resulted in the availability of more
accurate and reliable devices for diabetes management (Forde, 2001). The
widespread adoption of CSIl and CGM technologies for T1D presents an
opportunity to ease cost in the medium to long term by reducing the number of
hospital visits for hypoglycaemia, reducing insulin dosage and reducing
diabetes related complications as a result of improved glycaemic control (Noctor
and Firth, 2010). This will simultaneously improve the patient's quality of life
through better management of glycaemic control and increased flexibility day to
day (Bode et al., 2017).

CSll and CGM technologies can alter the lives of many people with diabetes
through greater freedom to make flexible lifestyle choices, while at the same
time improving glycaemic control and recognition of hypoglycaemia (Forde,
2011).

This research provides important insight into the impact of CSIl and CGM
technologies on T1D management by critically analysing current literature and

conducting a primary qualitative investigation using semi-structured interviews.

1.6 Scope

This research focuses specifically on the impact of two devices for the self-
management of T1D, these are CSIl and CGM. The technologies were chosen
simultaneously as they both represent an important stepping stone in achieving
a closed loop system for automated diabetes management (Hanaire, 2011,

Shulman et al., 2016). The research conducted specifically relates to adults
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which are defined as anyone over the age 18 years old. Finally, the location of

the study and insight gained is conducted in the Republic of Ireland.
Subjects or topics not included and considered to be limitations of the study are:

e Other technologies for the management of T1D for adults in Ireland for
example, bolus calculators, mobile applications, smart watches etc. are
deemed to be out of scope for this research.

e Type 2 Diabetes (T2D), the preventable form of diabetes is out of scope
and will not be discussed.

e Adolescents and children are excluded from this research.

e As this study relates specifically to T1D in Ireland, all other countries and

regions are deemed to be out of scope.

1.7 Beneficiaries

The main beneficiaries of this study have been identified as any individual living
with T1D in Ireland. Beneficiaries also span the wider Diabetes community in
Ireland including primary and secondary healthcare providers, family members

and Diabetes support networks.

The focus of this study is on T1D however, the findings of the research could
be relevant to those living with other chronic illnesses such as, T2D or

cardiovascular disease, that employ technology for self-management.

The benefits of this research exist through creating a wider awareness of the
impact of CSIl and CGM technologies on the self-management of T1D. The
research intends to focus on this specifically in terms of what factors currently
contribute to how these technologies are perceived in terms of quality of life and

health outcomes.

To ensure that beneficiaries of the study have an opportunity to access the
research, the dissertation will be made available through the Trinity College
Dublin (TCD) archive. Following the publication of the research, a copy of the
research paper will also be issued to all participants involved in the data

collection phase of the study.
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1.8 Roadmap of chapters

The research dissertation is broken down into a humber of chapters. Below
provides a guideline of the structure of the dissertation along with an insight into

the contents of each chapter.

Chapter 1: Introduction

The first chapter provides an introduction to the context and background of the
research topic. It outlines the rationale for undertaking the study and reason for
choosing the research question. The introduction also details the boundaries of
the study by describing what is deemed to be in scope for the research and thus

providing a recommendation as to whom will benefit from this research.

Chapter 2: Literature Review

The literature review provides a critical analysis of important analogies found in
existing literature relevant to the research topic. It cross examines and
evaluates existing theories and provides a foundation for the theoretical

framework of the research.

Chapter 3: Methodology

This chapter provides a brief overview of the various research philosophies,
approaches and methodologies at the forefront of the literature on research
methodology process. It also provides justification for selecting the methodology
used in this research along with acknowledging the limitations and lessons

learned from undertaking the chosen method.

Chapter 4: Findings and Analysis

This penultimate chapter is the most important in answering the research topic.
It provides an explanation as to how the data collected was carefully analysed
and interpreted and describes what tools were used to perform the analysis.
This chapter also states the evidence based findings of the research and what

has been discovered as a result of conducting the research.

Chapter 5: Conclusions and Future Work

This is the concluding chapter of the dissertation and provides a summary
overview of the details of the research, highlighting the findings and discussing
whether the research question has been answered. It also includes

recommended future work to be carried out relating to the specific subject.
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2 Literature Review

2.1 Introduction

The objective of this chapter is to critically analyse and review important
analogies which exist in current literature relevant to the research topic. The
literature review cross examines and evaluates existing theories and provides
a foundation for the theoretical framework of the research. This is done through
the identification of the key themes which have emerged from current studies

on in the field of technology for self-management of T1D.

The literature review was conducted using a number of databases accessible
through the TCD Library Online portal including PubMed, Science Direct and
Wiley Online, to identify journal articles, conference papers, peer reviewed

papers and edited volumes pertinent to the subject.

The primary focus of the research is to understand the impact of both CSII and
CGM technologies on the management of T1D for adults living in Ireland.
Databases were searched using terms such as “type 1 diabetes”, “diabetes
management”, and “self-management”, “Insulin Pump” or “CSII” and “CGM” to

identify research relevant to the topic.

The literature review critically analyses the selected papers to identify emerging
trends and common themes relevant to the impact of CSIl and CGM
technologies on the self-management of T1D. The themes identified were:

o Patient selection

o Education and Training

o Quality of life

. Health outcomes

This chapter explains each of these themes in more detail, based on the
available literature in the field. The first section of the chapter discusses each
theme in relation to the CSIl device. The second section discusses the literature
regarding CGM devices in terms of patient selection, education, health
outcomes and quality of life. Thirdly, the use of both devices is discussed and

finally a conclusion provides an overview of the findings covered in this chapter.
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2.2 Continuous Subcutaneous Insulin Infusion

The aim of diabetes treatment is to achieve tight glucose control to avoid the

development of chronic diabetes complications while reducing the frequency of

hypoglycaemic episodes (Hanaire, 2011).

CSII or insulin pump therapy was first introduced in the 1970s by research

conducted at Guy’s Hospital and the University of Yale in the United States of

America (Bruttomesso et al., 2009). During that time CSII therapy was proven

to provide better metabolic control in place of conventional insulin treatment
methods (Brown, 2012).

According to the American Diabetes Association (ADA) (2013) there are many

advantages to adopting the use of CSllI in place of MDI for administering insulin.

These include:

The elimination of regular injections.

Improved accuracy of insulin dosage.

Reduced prospect of fluctuation in glucose levels.

Less complex administration of bolus.

Flexibility when adjusting insulin doses to different mealtimes.

Improved glycaemic control.

Disadvantages highlighted by the ADA (2013) in the same report may include:

Increased body weight.

Possibility of ketoacidosis as a result of a catheter slip.
Increased treatment costs when compared with MDI.
Issues linked with being attached to the pump 24/7.

There is a need for long term and repeated education.

Over the past 30 years there have been numerous studies and meta-analyses
conducted on CSII (Hanaire, 2011, Krzymien et al., 2016, Shulman et al., 2016).

On review of such research it materialises that there are multiple factors

contributing to the impact of CSll on the management of T1D, the most

prevalent of which are discussed in more detail in Section 1.2.1t0 1.2.4.
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2.2.1 Patient Selection

A recurring feature in the literature is the requirement for appropriate patient
selection prior to introducing an individual to CSlI. Patient selection is extremely
important as this ensures the suitability of the device for the individual. Self-
management is entirely dependent on the individual and therefore physicians

and clinics need to make sure that the technology is a right fit for the patient.

In the United Kingdom (UK), The National Institute for Health and Care
Excellence (NICE) have introduced a set of recommended principles and
guidelines that should be used by healthcare professionals to assess the
suitability of individual T1D patients before proposing the use of CSIl as their
primary means of insulin delivery (NICE, 2008). At present, there is no
equivalent standardised set of guidelines in Ireland. However, NICE
recommendations are often adopted by clinics.

CSll is time consuming from both a clinical and individual point of view. This is
why effective candidate selection for CSIl is vital for safeguarding success
(Morrison and Weston, 2013). The success of the device is entirely dependent
on the individual's motivation and education in terms of how they use the device.
A lack of proper education, diminished motivation, deliberate insulin omission,

and behavioural attitude can affect patients’ compliance (Giani et al., 2015).

Decisions on appropriate algorithms and adjusting those to the patients’ way of
life can enable them to achieve their therapeutic goals. While technology may
compliment a patient’s knowledge of their diabetes it cannot replace education

and compliance, as the onus remains on the individual (Krzymien et al., 2016).

According to Krzymien et al. (2016) there is an ongoing debate as to what
patients are most suited to using the insulin pump and whether the benefits of
using such device are greater than MDI specifically in relation to attaining

optimum glycaemic control.

2.2.2 Education and Training

CSilI requires engagement from the diabetic to ensure the device is being used
appropriately. The importance of education and training regimens is reaffirmed
in the literature (Pozzilli et al., 2016).

10
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Prior to using an insulin pump the patient must attend a mandatory education
programme. Dose Adjustment for Normal Eating (DAFNE) is a structured
education course delivered in a five-day intensive skill based education
programme to people with T1D. Over the duration of the course, people learn
how to adjust their insulin dosage to suit food choices, rather than working their
life around insulin doses. DAFNE aims to encourage and equip people with T1D
to manage their insulin regimens actively and independently (Forde et al.,
2009). In order to use CSlI for self-management of T1D and ensure that benefits
can be realised, patients must complete the specified education and training
programme (Hanaire, 2011). In addition, ongoing professional support is
required. Giana et al. (2015) state that “Ensuring long-term follow-up with
intensifying education and involving behavioural therapy in training could
improve adherence and enhance treatment satisfaction, leading to a better

glycaemic control”.

Diabetes technologies may improve and reduce the burden of self-management
on the day to day life of the diabetic. However, they do not remove the necessity
for mandatory patient education and compliance in order to control glucose

levels and thus manage their health outcomes (Krzymien et al., 2016).

2.2.3 Health outcome

Diabetes is a disease that can often lead to other health complications. While
certain complications cannot be avoided, the initial severity of a number of
comorbidities can be reduced through effective and rigorous self-management
along with ongoing physician support (ADA, 2013). There are numerous studies
for and against the use of CSll in place of MDI to improve the health outcomes
of T1D. While improvements are visible in the short term, research has shown
that the gap between improvements through CSIl and MDI tends to diminish
over a longer-term period. The Diabetes Control and Complications Trial
(DCCT) found that CSII can reduce the risk of progressive retinopathy and
nephropathy for at least four years versus MDI as a result of lower HbAlc levels
(Lachin et al., 2000, Bruttomesso et al., 2009).

Hoogma et al.,(2006) conducted a Five Nations Trial with over 270 T1D’s, the
findings of which demonstrated the superiority of CSII over an Neutral
Protamine Hagedorn (NPH) based MDI regimen with respect to HbAlc, reduced
blood glucose levels and fluctuations, and a reduction in the incidence of severe

as well as minor, episodes of hypoglycaemia.
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Research conducted over the last 20 years has increasingly shown that the use
of CSIlI can result in a multiple health benefits and improvements in overall
treatment satisfaction (Giani et al., 2015).

Pickup and Sutton (2008) conducted a meta-analysis which found that patients
on CSII had less hyperglycaemia and less severe hypoglycaemia as opposed
to those using conventional treatment methods. Other meta-analyses showed
that the frequency of severe hypoglycaemia was significantly higher with MDI
than with CSII therapy. The greatest reduction was seen among patients who
had had the highest number of episodes of severe hypoglycaemia while they

were receiving MDI therapy (Giani et al., 2015).

Compared with traditional MDI, CSII provides a small but clinically important
reduction of HbAlc levels, diminishes blood glucose variability, decreases
severe hypoglycaemic episodes and offers a better way to cope with the ‘dawn
phenomenon’ (Bruttomesso et al., 2009). The dawn phenomenon is the
elevation of blood glucose from night to morning, before and after breakfast in
individuals with T1D (Schmidt et al., 1981).

2.2.4 Quality of Life

CSll is associated with an improved quality of life (Muller-Godeffroy et al., 2009,
Alsaleh et al., 2012, Giani et al., 2015). Self-management of T1D requires
structure and rigorous planning to ensure optimum glucose levels are attained.
This can be time consuming and often an overwhelming task for many
individuals (Fritschi and Quinn, 2010). CSll conferred significant advantages to
quality of life with improvements in treatment satisfaction, treatment impact, and
perception of mental health, flexibility of eating habits and lifestyle, and
reduction in diabetes-related worry (Hoogma et al., 2006). Studies have shown
a positive or neutral effect of CSIlI therapy on quality of life, depression and

anxiety (Hanaire, 2011).

When compared with MDI, CSIl enhances quality of life through allowing greater
flexibility with regard to eating habits, lifestyle choices and improved sleep
patterns (Hoogma et al., 2006). Barnard et al. (2007) criticises the connection
between quality of life and CSII, stating that “Existing literature on quality of life
benefits associated with insulin pump use is limited, with conflicting, often

ambiguous results and many design or methodological flaws. It is very difficult
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to ascertain therefore whether CSII actually contributes to improvements in a

person’s quality of life”.

This was later reinforced by Bruttomesso et al. (2009) who noted, “The impact
of CSlII on the quality of life remains unclear and poorly defined”. In this study,
he reviewed 17 articles on the subject between 1988 and 2005 and found the
results of these studies to be conflicting, in one instance, in particular he noted
3 out of 5 randomized controlled trials reported mixed results, one reported
benefit and one no measurable effect.

Despite these criticisms later studies continue to reinforce previously positive
contributions stating that CSlII can improve quality of life through decreased fear
of hypoglycaemia, increased flexibility in quantity and timing of meals and sleep
schedule, improvement in diabetes self-efficacy and independence (Nuboer et
al., 2008, Muller-Godeffroy et al., 2009, Giani et al., 2015).

2.2.5 CSll Impact

The findings of the literature suggest that when paired with appropriate patient
selection, education and compliance CSll impacts the self-management of T1D
through enhancing the health outcomes and quality of life of the individual
(Hanaire, 2011). CSll therapy can allow suitable individuals to attain their target
glycaemic control and stability (Lachin et al., 2000, Bruttomesso et al., 2009).

The success of self-management through CSIl is underpinned by ongoing
education and support provided by healthcare professionals to adapt to the
needs of the individual (Morrison and Weston, 2013). Effective CSII involves
more than wearing a device. It requires a multidisciplinary team, intensive

patient education and continuous follow up (Bruttomesso et al., 2009).

When the appropriate measures are followed, CSII has the ability to enhance
the self-management of T1D through improved health outcomes of the
individual along with enhancing their quality of life through greater flexibility
(Linkeschova et al., 2002).

13



The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 14

2.3 Continuous Glucose Monitor

CGM systems contain a subcutaneous sensor attached to a transmitter which
deliver continuous reporting of glucose levels and trends to the user through a
handheld monitor (Lind et al., 2017). CGM represents an important
advancement in diabetes technology to facilitate optimal glucose control in T1D
(Joubert and Reznik, 2012). The accuracy and usability of CGM has gradually
improved over the past decade (Giani et al., 2015). Advantages of CGM include
providing continuous feedback on estimated glucose values and illustrating
glucose trends (Langendam, 2011).

Further research is required to determine whether the CGM device has an
impact on self-management of T1D which correlate to improved health

outcomes and enhanced quality of life.

The ADA (2016) published the following set of recommendations with regard to
the use of CGM for glucose monitoring and control:

e When used properly in conjunction with intensive insulin regimens
CGM can be a useful tool to lower HbAlc in selected T1D adults
(aged 25 years or over).

e Success correlates with adherence to ongoing use of the device.

¢ CGM may be a supplemental tool to self-monitoring blood glucose
(SMBG) in those with hypoglycaemia unawareness and or frequent
hypoglycaemic episodes.

e Careful selection of patients is required prior to prescribing CGM due
to varying adherence.

e Robust diabetes education, training, and support are required for

optimal CGM implementation and ongoing use.

Common themes have been identified in the literature with regard to both CSII
and CGM technologies enabling the standardisation of results when reviewing
the literature. Patient selection, education, health outcomes and quality of life
are all deemed important factors in relation to CGM for the self-management of
T1D.

2.3.1 Patient Selection

CGM technology is still considered to be relatively new therefore, the distribution
of such devices must be managed appropriately for patients with T1D (ADA,
2016). Careful assessment and patient selection is vital to ensure that the

device is used correctly and appropriately and can provide the individual with
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the information they need in order to make informed decisions about their
Diabetes (Block et al., 2008).

The extent to which benefits can be obtained from the use of CGM is dependent
on adherence to using the technology and on the interpretation of data to make
positive changes in treatment management (Benhamou et al., 2012). Thus,
appropriate patient selection is an extremely important factor for the success of
CGM.

Joubert and Reznik (2012) confirmed that compliance with the CGM device
greater than 6 days per week directly correlated with its effectiveness, stating,
“Frequency of sensor usage is a crucial parameter for efficacy of CGM with an
additional 0.15% decrease of Hb1Ac for every one day increase of sensor usage
per week”. Patient motivation and compliance in wearing the sensor is vital to

success of the CGM technologies (Deeb et al., 2015).

Recommendations from previous research along with the ADA advise that CGM
should be restricted to users over the age of 25 years old. A number of clinical
trials have found a direct correlation between the success of CGM and age
(Tamborlane et al., 2008; Deeb et al., 2015; ADA, 2016).

The van Beer et al. (2016) randomised, open-label, crossover trial adds to the
findings, acknowledging that while age is a factor, patients with a higher risk of
hypoglycaemia experience a greater benefit than patients with less glycaemic
variability when CGM is used to monitor glucose in place of SMBG devices.

2.3.2 Education and Training

Appropriate education and training is vital to ensure the benefits of using the
CGM device can be realised by the individual. Giani et al. (2015) note, that while
new technologies bring promise in terms of positive outcomes, they can often
underperform or fail if they are not used correctly or as intended by the
manufacturer. For this reason, effective and appropriate training along with

patient motivation are vital for success of the CGM.

In order to reap the benefits associated with CGM usage the individual requires
two types of training. The first involves a specific educational programme and
the second is in the form of ongoing support from a trained nurse specialist or

healthcare professional (Benhamou et al., 2012).
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Joubert and Reznik (2012) identify three important steps which should be taken
by the healthcare professional when providing a patient with the device. These
involve:
1. Determine the needs, expectations and goals of the individual from the
CGM.
2. Provide the appropriate education adapted to the needs and
requirements of the individual.

3. Provide ongoing support as required to ensure success.

Technical training on CGM is essential to optimise the reliability of results and
safety of use. This training should include how to insert the sensor, the overall
functioning of the system, the minimal handling of the receiver and the provision
of blood glucose measurement for calibration of the system (Joubert and
Reznik, 2012).

2.3.3 Health outcome

The use of CGM is associated with improvement in metabolic control in T1D,
with significant short and long-term reductions in HbAlc and reduction in the
duration of periods of hypoglycaemia and hyperglycaemia versus SMBG (Floyd
et al., 2012).

A study from Garg et al. (2006) showed that CGM use resulted in a 23%
decrease in the incidence of postprandial hyperglycaemia (Joubert and Reznik,
2012). Further research indicates that CGM may enhance the self-management
of T1D in adults who have the motivation to use this technology and the
capability to incorporate it into their own daily diabetes management
(Tamborlane et al., 2008).

Intensive insulin therapy resulting in good glycaemic control has been shown to
prevent and reduce the progression of diabetes related complications in patients
with T1D. When used by patients with inadequately controlled T1D treated with
MDI, the use of CGM compared with conventional treatment for 26 weeks
resulted in lower HbAlc (Lind et al., 2017). Furthermore, in a randomised,
open-label, crossover trial conducted by van Beer et al. (2016) of T1Ds with
increased risk of severe hypoglycaemia it was found that CGM reduced the

prevalence of severe hypoglycaemia when compared with SMBG.
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More accurate evaluation of interstitial glucose levels during hypoglycaemic
events are necessary as CGM performs poorly in the hypoglycaemic range, and
the lag time between interstitial glucose and blood glucose, increased sensor
sensitivity and inappropriate calibration require improvement (Damiano et al.,
2013).

A meta-analysis suggests that, compared with SMBG, CGM is associated with
short-term HbAlc lowering of 0.26% (Yeh et al., 2012). The long-term
effectiveness of CGM needs to be determined. This technology may be
particularly useful in those with hypoglycaemia unawareness and or frequent
hypoglycaemic episodes, although studies have not shown consistent

reductions in severe hypoglycaemia (Choudhary et al., 2013).

2.3.4 Quality of Life

CGM devices have the ability to impact quality of life of T1D individuals both
positively and negatively. As a result, patient selection and education are
important predecessors of using such device (Block et al.,, 2008). While
research has identified a perception of enhanced quality of life in certain
circumstances there is further investigations required over a longer period of

time and a larger scale to prove this hypothesis.

Improvement of glucose control and stability or a reduction in hypoglycaemia
events can be positive effects of CGM in terms of quality of life and satisfaction
(Benhamou et al., 2012). In study conducted by Joubert and Reznik (2012)
CGM users reported a feeling of improved efficiency and a greater satisfaction
with the device while quality of life parameters were not significantly affected by
the use of CGM. Lind et al. (2017) highlight that when used correctly, CGM has
the ability to reduce glycaemic variability and as a result increases subjective

well-being, treatment satisfaction.

Additionally, it should be noted that permanent use of the device, the triggering
of sometimes false alarms and the constant viewing of glucose variations can
have a negative impact on some individuals and lead to increased levels of

anxiety (Benhamou et al., 2012).
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2.3.5 CGM Impact

CGM has the ability to impact the self-management of adults living with T1D in
a number of ways. Patient selection and education is vital to the initial use of
the device to ensure adherence and compliance. Subsequently, ongoing
support is also required for the individual to allow them to meet their therapeutic
goals. Research has found that individuals aged 25 and over are more likely to
benefit from the use of the CGM, this is reinforced by the recommendations of
the ADA (2016).

While the CGM has been proven to improve glycaemic control for patients using
such device there is a reliance on the individual to comply with the guidelines

and instructions provided during the training programme.

In addition to these positive impacts, there are also negative outcomes
associated with the use of the device. CGM can lead to increased anxiety
triggered by built in alarms or the requirement to constantly check glucose levels
(Benhamou et al., 2012). This can have a negative impact on quality of life which
is why patient selection is extremely important to reduce possibility of negative
outcomes as a result of using such device. As the literature suggests, there is
further research required to determine the impact of CGM devices on T1D (Lind
et al., 2017).

2.4 CSll and CGM usage

SAP therapy combines CSII with real-time CGM and has been shown to
improve metabolic control while reducing the rate of hypoglycaemia in adults
with T1D compared to MDI or standard CSII (Tumminia et al., 2015). Figure 1
shows the real-time CGM sensor on the surface of the skin with adjoining pin
measuring interstitial glucose levels. The glucose value is then transmitted

through a radio frequency to the insulin pump device.
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Figure 1 Sensor Augmented Pump Therapy (Tumminia et al., 2015)

Tumminia et al. (2015) identify a number of factors which contribute to the
success of SAP therapy. Similar to those relevant to CSIl and CGM, they
include:
¢ Patient motivation to adopt the correct behaviours for successful
self-management of T1D.
e Ensure frequent use of the CGM sensor (recommended at least
65% of total time).
e Understand and correct interpretation of data trends.
e Awareness of lag-time period.
e Suitable patient selection by the healthcare provider.
e Appropriate training on diabetes management and technical

device.

A number of studies have evaluated the impact of SAP on health outcomes.
When replaced with MDI, SAP therapy was found to be effective at lowering
HbAlc levels in patients (Slover et al., 2012). Conversely, studies investigating
the effectiveness of SAP in patients already using the insulin pump showed
conflicting results, ranging from no significant benefit to significantly improved

glycaemic control (McNally et al., 2010).

SAP therapy is associated with decreased time spent in hypoglycaemia
compared to MDI or CSII, but few significant results were found in the rate of

severe hyperglycaemic events (Giani et al., 2015).

There are a number of benefits to be achieved when using SAP therapy to
manage T1D, however the technology requires hands on maintenance and

control in order to work effectively and realise benefits in terms of enhanced
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health outcomes and quality of life. As this concept is relatively new, further work

is required in the field to determine the benefits long term.

2.5 Conclusion

There are a number of contributing factors identified in the literature which add
to the success of CSIl and CGM technologies. These include:

e Patient selection

e Education and training

e Health Outcomes

e Quality of Life

Each theme must be taken into consideration when assessing the impact of a
CSll and CGM technology on the self-management of T1D for an individual.
Appropriate patient selection emphasised in a humber of studies as vital to
ensure patient suitability (Block et al., 2008, Benhamou et al., 2012). Patients
are required to show motivation and commitment to comply with the technology
and engage effectively with the device in order to achieve their goals and
ultimately improve their quality of life.

It is important to note that while technology can bring perceived benefits they
may not be proportional to the time and effort required. In a qualitative study
conducted by Shulman et al. (2016) to determine how physicians value insulin
pumps, it was found that while technologies for T1D treatment come with high

expectations, they often come with marginal benefits at increased costs.
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3 Methodology

3.1 Introduction

A dynamic, well established research approach encompassing interpretive,
gualitative epistemology is required to investigate the impact of CSIl and CGM
technology on the self-management of T1D and answer the research question.
Selecting a qualitative approach ensures that participants to the study are given
an opportunity to present their subjective insights and opinions on the topic while
enabling objectivity through the appropriate research principles and

mechanisms of epistemology.

3.2 Purpose of the Research

This research aims to gain an insight into the factors contributing to the uptake
of CSll and CGM technologies in Ireland by understanding the impact of both
devices on the self-management of T1D for adults living with this chronic iliness.

The primary goal of this exploratory research is to answer the question:

What is the impact of CSIl and CGM technologies on the self-

management of Type 1 Diabetes for adults in Ireland?

The corresponding objectives of the research are to:
1. Identify the key areas contributing to the use of CSIl for T1D self-
management by adults in Ireland.
2. Identify the key areas contributing to the use of CGM for T1D self-
management by adults in Ireland.
Understand the perception of CSIl from real life experience.
4. Understand the perception CGM from real life experience.

Determine the barriers to uptake (if any) of CSIl and CGM.

3.3 Research and Design

3.3.1 What is research?

Research is something that is undertaken to discover things in a systematic way
and to increase knowledge (Saunders et al., 2009, p. 5). A systematic approach
is adopted to ensure appropriate mechanisms are in place to define, explain,
understand, criticise and analyse the research in order to validate reliability
(Ghauri and Grgnhaug, 2005, p. 5, Saunders et al., 2009). This approach is

identified through research design.
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3.3.2 Research design

Research design defines the strategic plan for the study or investigation
(Creswell, 2008). It is a blueprint for conducting research with maximum
governance over any influences that could hinder the legitimacy of the findings
(Grove et al.,, 2003, p. 195). A well-structured research design provides a
strategic framework for action by connecting the research question with the

implementation of the research strategy (Blanche et al., 2004, p. 29).

The purpose of appropriately designing research is to ensure that the research
is conducted in a logical, comprehensive manner to ensure that the results are
valid, reliable and credible based on the process undertaken by the research
investigator.

3.4 Research Method

When conducting research, it is important to use an approach that is fit for
purpose. This is done by establishing a method best suited to the purpose of
the research and thus enables the research question to be answered (Bryman
and Bell, 2015).

The ‘Research Onion’ approach by Saunders et al. (2009, p. 108) was employed
in order to select the most suitable research design and method for this study.
This technique systematically determines the most appropriate mechanism for
research based on a number of different layers, each of which are discussed in

more detail in Section 3.5 to 3.10.

Philosophies

\ \ Approaches
W \ ) Strategies
Choices

Time
horizons

Data
collection
and data

analysis

Techniques and
procedures

Pragmatism

Figure 2 Research Onion by Saunders et al. 2009 p. 108
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3.5 Research Philosophy

Research philosophy is the outer layer of the Research Onion and relates to the
assumptions of the research based on generalisation of the world and includes
assumptions based on the mind, matter, reality, reason, truth, nature of

knowledge, and proofs of knowledge (Hughes, 1994).

The research philosophy is underpinned by the chosen research approach and
strategy. Cognisance of the philosophical commitments made through the
choice of research strategy is essential as this will have a significant impact on
what is done and also in understanding what the research is investigating
(Saunders et al., 2009, p. 180).

Easterby-Smith et al. (2004) highlights three reasons why the exploration of
philosophy is important for research methodology. These are:

1. To refine the methods to be used in the research and simplifies the
overall strategy.

2. To evaluate different methods and avoid inappropriate use or
unnecessary work by identifying restrictions of the particular
approaches.

3. Finally, to encourage creativity in selection of methods adopted.

Assumptions made about research are informed by ontology and epistemology.
Ontology relates to the nature of reality and can be deemed objective or
subjective based on those assumptions (Saunders et al., 2009, p. 110).
Epistemology is a general set of assumptions about what constitutes acceptable
knowledge in a particular field of study (Easterby-Smith et al., 2004, p. 31).
Epistemology guides the research through the appropriate design and
methodologies that distinguish between the findings and opinions of the

research by informed decision making.

Saunders et al. (2009, p. 108) identifies four main philosophies associated with
research. These are positivism, realism, interpretivism and pragmatism.

1. Positivism relies on observation and reason as a way of understanding
behaviour, explanation proceeds by way of scientific description (Cohen
et al., 2013, p. 7). It applies natural science methods to the study of
social reality (Bryman and Bell, 2015).

2. Realism acknowledges that humans are affected by social forces and
processes and therefore cannot be studied in the same manner as

natural sciences. It takes the view that there is an external independent
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reality, separate from individuals’ perceptions (Bryman and Bell, 2015).
Realists use a scientific approach for the collection, analysis and
development of data but view their findings as evidence-based
probabilities (Guest et al., 2012).

3. Interpretivism believes that situations are fluid and changing rather than
fixed and static, events and behaviour evolve over time and are affected
by context, events and individuals are unique and largely non-
generalisable (Cohen et al., 2013, p. 31).

4. Pragmatism centrally places the research question and applies all
approaches to understanding the question (Creswell, 2012).
Pragmatists use a mixed method approach and work with both
guantitative and qualitative data collection, using different analysis
techniques (Saunders et al., 2009, p. 109).

This research adopts an interpretivist philosophical approach. This is deemed
the most appropriate philosophy as it is important to understand context and not
generalise when interpreting the findings of the research due to the nature of
T1D. Shulman et al. (2016) highlight concern that certain diabetes management
technologies are valued for their status as novel devices without providing
improved outcomes in relation to the individuals’ diabetes. This research aims
address this issue by understanding the unique reasons behind the subjective
views of those partaking in the study to determine the impact of CSll and CGM

technologies on T1D.

3.6 Research Approach

Research is approached in a deductive or inductive manner (Saunders et al.,
2009, Bryman and Bell, 2015). The contrast between these approaches is seen
by the differing steps implemented when applied to the research process which

can be either open or narrow (Bryman and Bell, 2015).

3.6.1 Deductive

The deductive approach begins by framing a hypothesis that will then form a
theory (Matthews and Ross, 2014). Following the definition of the hypothesis
data collection and analysis will commence with the objective of confirming the
developed theory (Gray, 2013).

3.6.2 Inductive
In contrast, the inductive approach begins by collecting data which

subsequently leads to a theory (Gray, 2013). The inductive approach presents
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many possibilities for the research and allows considerable room for exploration
of theories and related concepts (Silverman, 2013).

The main objective of this research is to determine the impact of technologies
on T1D self-management for individuals in Ireland. A qualitative analysis
approach is adopted in order to answer the research question by critically
analysing current literature in the field and collecting primary data on the subject
matter through semi-structured interviews. The selected approach for this
research was inductive due to the interpretive nature of the topic, the exploratory
approach to data collection and the longevity of the research.

3.7 Research Strategy
According to Saunders et al. (2009, p. 108) there are 7 approaches to research
strategy, experiment, survey, case study, action research, grounded theory,

ethnography and archival research.

Grounded theory encourages the discovery of theory from data through the
general method of comparative analysis which involves linking findings across
previous literature to assess similarities and variances in order to discover the
generalizability and boundary conditions of a concept (Johnson, 2015).
Grounded theory methodology is designed to enable the discovery of inductive
theory and develops a theoretical justification of the general features of a topic
while simultaneously grounding the account in empirical data (Wiesche et al.,
2017).

The research adopts a grounded theory strategy as this method compliments
the interpretive, inductive approach to qualitative research. Grounded theory
focuses on the broad areas and themes of research which have been identified
to make connections and reaffirm findings. This approach is adopted during the
analysis of qualitative semi-structured interviews along with insight gathered
from the critical analysis of existing literature specifically focused on the impact

of CSIl and CGM technologies on self-management of T1D.

3.8 Research Choice

The research choice relates to the method chosen to conduct the research
investigation and can be mono, multi or mixed method. Saunders (2009, p. 151)
highlight that mono quantitative and qualitative practices do not exist in isolation.
A qualitative mono method research choice is adopted in this research as semi-
structured interviews were used for the mono source of primary data collection.

This choice was adopted due to the type of information and insight required.
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Opinions and perceptions of technology were of great importance to this study
and therefore a quantitative method was deemed insufficient for data collection.
Previous literature and secondary data play an important role in forming the
basis for the research and in validating the reliability of the findings.

3.9 Time Horizon

This study is cross-sectional as it focuses on the impact of technology on T1D
during a given time frame, over the duration of the research. Longevity research
which observes a hypothesis over time was ruled out due to the time allowance
of the undertaken research. This research was conducted over an 8-month
period from 1%t January 2017 to 31%' August 2017 during this time frame both
secondary and primary data research was employed.

3.10 Techniques and Procedures

This final layer of the research onion is the core of the research and relates to
data collection and analysis. This is an extremely important step as it employs
techniques to safeguard the credibility of the study by emphasising procedures
for the reliability and validity of the study.

3.10.1 Reliability

Reliability relates to the consistency of the findings through correct data
collection and analysis techniques. Qualitative research reliability is viewed as
the trustworthiness of the procedures undertaken and the data generated(Stiles,
1993). It relates to the extent of which the results of a study are repeatable in
differing conditions (Bryman and Bell, 2015).

The findings of the primary research are consistent with that of the literature in
terms of the impact of CSIl and CGM technologies for T1D self-management in
adult patients. Auditability and traceability is an important element in proving the
reliability of this research (Roberts et al., 2006). Transparency is provided
throughout the research by disclosing the detailed approach to research
including the methodology and design. The transcribing of interviews also adds

to the reliability of findings by providing traceability to the reader.

The use of computerised data analysis software packages increases reliability
by applying predetermined rules for coding and categorisation built into the
programme (Roberts and Woods, 2000). Coding and categorisation was used
in the data analysis phase of this research and is detailed in Section 4.4.

Reliability of the research is observed through transparency, coding used to
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analyse data along with the consistency of findings observed from the critical

analysis of previous literature.

3.10.2 Validity

Validity relates to the consistency of the findings in that they are what they
appear to be about (Saunders et al., 2009, p. 157). A potential difficulty in
achieving validity in qualitative research is researcher bias, which can arise from
selective collection and recording of data, or from interpretation based on
personal perspectives (Johnson, 1997). The impact of this on validity can be
avoided through transparency of the research process allowing the reader to
trace key decisions made in relation to the philosophy, context, and strategy
and method of the research (Roberts et al., 2006).

This research upholds validity of the study through the use of reliable sources
when conducting secondary data investigations as recommended through the
TCD library database. Transparency of the primary research process is also
provided in section 4 of the research which documents the data collection,
interpretation and analysis phase of the study. The risk of bias was reduced as
there was no previous experience with the subject matter and similarly did not
know the participants prior to taking part in the study. Triangulation has been

employed during the research process.

3.10.3 Triangulation

Triangulation is a qualitative research strategy which adopts multiple
approaches to data gathering technigues in one study in order to develop a
comprehensive understanding of the findings (Patton, 1999; Saunders et al.,
2009, p. 146). Triangulation reaffirms reliability and validity of the research and
contributes to the consistency, comprehensiveness and robustness of the study
(Roberts, 2006).

Data triangulation refers to the use of different data sources like interview data
or observational data. By means of various sampling strategies, data is
collected at different times, in different social situations and on a variety of

people (Carter et al., 2014).

This research employs the process of data source triangulation by adopting a
gualitative approach to primary data collection and reaffirming the findings
through the use of secondary data and previous published literature relating to

the research topic. This approach to triangulation was taken in order to verify
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the findings of the research against previous literature. Triangulation reaffirms
the credibility of the findings. This was particularly important during for the
research as a result of the sample size.

3.10.4 Population and Sample
In the absence of an official diabetes register it is estimated that there are

approximately 16,000 people living with T1D in Ireland (Diabetes Ireland, 2017).

A total of six interviewees partook in the study. These involved both healthcare
professionals and individuals living with T1D in Ireland:
1. Diabetes Regional Development Officer
2. Type 1 Diabetic
3. Type 1 Diabetes Nurse Specialist
Type 1 Diabetes Dietician
Type 1 Diabetic

o o &

Type 1 Diabetic

This approach to sampling is referred to as Network Sampling. Network
sampling involves taking a sample size from a larger segment of a community
or group tied together by a common relationship (Salganik and Heckathorn,
2004, Trotter, 2012). The varying profiles of participants, including both adults
with T1D and healthcare professionals was strategically chosen with the
objective to strengthen the validity and reliability of the data collated by providing

a more rounded view of opinions and perceptions.

3.10.5 Data Collection

Primary data collected for the purpose of this research was conducted using
interviews. Interviews are the optimum approach to data collection when
conducting exploratory research in order to gain insight into participants' history,
opinions and experiences (Seidman, 2006). Semi-structured interviews were
held with a network sample of six people varying from professionals in the field
to individuals living with T1D. A semi-structured interview is defined by a pre-
set question guide that aims to provide in-depth findings through informal

discussions with participants (Collis and Hussey, 2013).
A total of five open ended questions were posed to the participants during the

interview focusing on their opinion and experiences with CSIl and CGM

technologies for self-management of T1D. The questions focused on topics with
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regard to health, quality of life, data and communications, impact of technology
on day to day lifestyle and openness to new technologies. See Appendix 1.
These questions were strategically chosen to gain insight into the perceptions
of both devices and also understand the interest in newer technologies such as
the Closed Loop System.

With the approval of participants an audio recorder was used during each
interview to ensure the insight provided could be validated and transcribed after
the interview had taken place. During the interview, light notes were taken
however, a less formal approach was maintained throughout to ensure

participant engagement and openness.

Secondary data was collated during the literature review phase of the research.
This formed the foundations of the theoretical framework adopted during the
research. Themes identified in the literature were borrowed during the definition
of the interview questions to allow for a more standardised approach to data
collection, these themes were:

1. Patient Selection or Suitability

2. Education and Training

3. Health Outcomes

4. Quality of Life

3.10.6 Data interpretation

Data analysis is imperative to qualitative research as it has a major influence on
the results of the research conducted (Flick, 2014, p. 3). In order to interpret and
understand the data, Braun and Clarkes (2006) approach to thematic analysis
was adopted using the NVivo software for computerised qualitative analysis.
This involved transcribing the data, generating codes, categorising codes into
themes, refining themes and finally drawing conclusions to produce findings.
The use of this systematic approach means that key insights and findings were
appropriately identified and captured to make connections and linkages

between qualitative data from multiple sources.

3.11 Justification of approach

When deciding on an approach to carry out this research a number of
considerations were taken into account. The Research Onion by Saunders
(2009) was used to guide the approach and decision-making process for

choosing an appropriate research method. The research incorporates an
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interpretive, inductive, grounded theory, qualitative mono method, cross-

sectional approach conducted over a specified number of months.

An interpretivist philosophical approach is deemed the most appropriate
philosophy as it is important to understand context and not generalise when
interpreting the findings of the research due to the nature of T1D. Shulman et
al. (2016) highlight concern that certain diabetes management technologies are
valued for their status as novel devices without providing improved outcomes in
relation to the individuals’ diabetes. This research aims address this issue by
understanding the unique reasons behind the subjective views of those
partaking in the study to determine the impact of CSIl and CGM technologies
on T1D.

A qualitative analysis approach is adopted in order to answer the research
guestion by critically analysing current literature in the field and collecting
primary data on the subject matter through semi-structured interviews. The
selected approach for this research was inductive due to the interpretive nature

of the topic, the approach to data collection and the longevity of the research.

The research adopts a grounded theory strategy as this method compliments
the interpretive, inductive approach to qualitative research. Grounded theory
focuses on the broad areas and themes of research which have been identified
to make connections and reaffirm findings. This approach is adopted during the
analysis of qualitative semi-structured interviews along with insight gathered
from the critical analysis of existing literature specifically focused on the impact

of CSIl and CGM technologies the self-management of T1D.

A qualitative mono method research choice is adopted in this research as semi-
structured interviews were used for the mono source of primary data collection.
This choice was adopted due to the type of information and insight required.
Opinions and perceptions of technology were of great importance to this study
and therefore a quantitative method was deemed insufficient for data collection.
Previous literature and secondary data play an important role in forming the

basis for the research and in validating the reliability of the findings.
This study is cross-sectional as it focuses on the impact of technology on T1D

during a given time frame over the duration of the research. Longevity research

which observes a hypothesis over time was ruled out due to the time allowance
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of the undertaken research. This research was conducted over a 7-month
period from 1% January 2017 to 31%' August 2017 during this time frame both
secondary and primary data research was employed.

Qualitative studies aim to understand how people feel about something and why
they think that way, what their perspectives are, and what a technology means
to people (Kaplan and Maxwell, 2005). Due to the nature of the research
guestion and associated research objectives a qualitative, interpretive,
inductive, grounded theory approach was selected in order to understand the
impact of technology on the self-management of T1D in Ireland. The research
was conducted by adopting the thematic approach to analysis as defined by
Braun and Clark (2006). Furthermore, triangulation was employed to ensure
that credibility, reliability and validity could be instilled in the findings through the

use of secondary data in the form of published literature.

3.12 Limitations
According to Davies and Hughes (2014) qualitative research is open to the
following limitations:
1. The context, events, conditions and interactions cannot be replicated.
2. The time required for data collection, analysis and interpretation is
lengthy.
3. The interviewer’s presence may have an effect on the subjects of the
study.

4. Confidentiality and anonymity present issues when selecting the findings

Mitigations were put in place to minimise the impact of such limitations prior to
conducting the qualitative research. Firstly, an audio recorder was used along
with note taking to ensure that all information and data provided during the
interview could be gathered for analysis. A structured project plan was
implemented with predetermined milestones and target dates for completion of
important milestones which would allow for appropriate time management in
order to analyse data gathered. Finally, participant’s right to anonymity was
addressed through the research ethics procedures carried out which secured
approval from the Ethics committee to proceed with the research and in turn

provided peace of mind to participants that their rights would be respected.

Saunders (2009) states that quality of data during semi-structured interviews
can be impacted by data collection methods used and in turn may have an

impact on the reliability and validity of the data. An audio recorder was used to
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avoid any negative impacts on the quality of data collected during each

interview.

This research is based on an interpretive philosophy. According to Gray (2013)
this technique allows substantial input from the researcher and therefore, could
potentially lead to biased interpretations. Interviewer bias is a major limiting
factor to research findings. The risk of bias is reduced as no previous experience
with the subject matter and similarly did not know the participants prior to taking
part in the study. Triangulation has been employed during the research process.

The use of qualitative methods and semi-structured interviews provide research
flexibility. As result of the flexibility associated with semi-structured interviews,
collected data can often become difficult to analyse and can potentially lead to
failure of the entire research process (Punch, 2013). In addition, the
effectiveness of interviews, and especially semi-structured ones, depends
considerably on the expertise of the interviewer (Galletta, 2013). This risk was
reduced by following Braun and Clarks (2006) thematic analysis approach to
interviews. The use of an audio recorder along with NVivo qualitative analysis

software reduced the complexity of data collection and analysis.

There are a number of potential limitations to the chosen research methodology
with regard to data collection, analysis, reliability and validity however, the
research employs best in practice approaches and methodologies when
conducting this study in order to minimise the risk of such limitations impacting

on the research findings.

3.13 Research Ethics

Ethics are the standards of behaviour that guide interaction with participants
and respect the rights of the participant and those impacted by the research
(Saunders et al., 2009).

The ethics application was submitted to the Research Approval Committee at
TCD on the 28™ April 2017. The application to the committee included:
e A signed Ethical Application form.
o Participant information sheet which is provided to any participants in the
study prior to agreeing to take part, a detailed account of the intended

research purpose, declaration of any conflicts of interest.
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e Participants consent form highlighting the rights of the participants
including right to anonymity.

e Research Proposal detailing the rationale for the study, the intended
participants, and any conflicts of interest.

e Intended interview questions to be asked during interview.

The application included key ethical principles such as to uphold integrity and
objectivity, the informed consent of participants, the voluntary nature of
participation and the right to withdraw at any time. Protection of the anonymity
of participants and security of data management was also noted. Approval of
the ethics application was granted by the Ethics Approval Committee on 5" May
2017. Following this approval contact was made to prospective participants
whom were invited to take part in a semi-structured interview. Interviews took

place over a two-week period between the 8" to the 22" of May 2017.

3.14 Lessons Learned

When conducting this research and following the process documented in
Section 3, there were a number of key learnings identified. Firstly, research
design is imperative to an effective research approach and methodology for
data collection and analysis. It is important to review the available literature in
the field of research in order to determine the most appropriate methodology for

the study.

Secondly, ethics plays a major role in justification of research. Ethics provides
the leverage required to conduct interviews and creates a platform for trust and
transparency between the interviewer and interviewee. The lesson learned in
this instance would be to ensure that ethical approval is sought as promptly as
possible in order to allow for sufficient time to undertake data collection and

interviews.

Thirdly, triangulation is imperative to the credibility of one’s research. This was
a major lesson learned during the research process. By critically analysing the
current literature in the field findings of the primary data collected were validated

which enhanced the credibility of findings.

The final lesson learned relates to the process of research. The main strength
of qualitative research is that it yields data that provide depth and detail to create
understanding of phenomena and lived experiences (Bowen, 2005). While this

investigation adopted a qualitative mono method due to resourcing and time
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constraints it is felt that there would have potentially been more insight gained
and value added if there was an opportunity to use a mixed method approach.
That is, using both quantitative and qualitative methods when collecting data.
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4 Findings and Analysis

4.1 Introduction

This chapter presents the findings of the primary research undertaken for the
dissertation and provides the details of how the data collected during the semi-
structured interviews was analysed to identify such findings.

The initial section describes the data collection process which involved semi-
structured interviews and question formulation based on key themes identified
from the literature review. These themes included patient selection, education
and training, health outcomes, and quality of life. A participant profile is
presented in this section which provides insight into the interviewees whom
partook in the study and differentiates between the adults with T1D and

healthcare professionals.

The second section provides an insight into the tools and techniques used in
order to arrive at the findings. These tools and techniques were adopted
throughout the research data collection phase and included providing context
and background of the study to participants, appropriately recording information,

semi-structured approach and finally the approach to interview execution.

Thirdly, the Data Preparation section explains the steps taken to prepare the
data for analysis in order to enable the most efficient and effective approach to
data analysis. Data preparation included listening back to audio recordings of
each interview and transcribing the interview into a comprehensive word
document. A total of six word documents were uploaded and analysed using

the NVivo qualitative software analysis tool.

The fourth section details the steps taken to analyse the data including coding
and categorisation. It provides a justification for using the NVivo application as

a result of its efficiency and reliability.

The fifth section of this chapter provides an insight into the five themes relating
to the impact of CSIl and CGM technologies on the self-management of T1D for
adults. These themes are:

1. Patient Selection refers to the need for healthcare professionals to

choose the right candidates for certain devices in order to ensure they
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are the right fit and appropriate for the individuals way of life. This can
also be referred to as Suitability.

2. Education and Training refers to the pre-requisite information and
knowledge sharing that must be complete prior to using the technologies
for self-management of T1D.

3. Health Outcomes refer to the ability of the technologies to alter or
change the medical outcomes of the individual in terms of metabolic
control along with diabetes related complications.

4. Quality of life refers to the perceived standard of health, comfort, and
happiness experienced by an individual as a result of using the
technologies.

5. Data and Communication relates to the information produced from both
devices and how that information is interpreted to make decisions

relating to the management of the individuals’ illness.

The final theme of Data and Communications was not identified during the
literature review and however, it was discussed in detail during the interview

phase and as a result a new theme was identified.

Finally, the findings section of this chapter is the most important and provides
insight into the findings of the primary research based off the analysis of the
data. The findings have been divided into sub sections to display insight for the
CSllI technology followed by the findings of the CGM against each of the five

themes.

4.2 Data Collection

As this research followed a qualitative methodology, a semi-structured
approach was adopted during interviews. Longhurst (2003) defines a semi-
structured interview as “a verbal interchange where one person, the interviewer,
attempts to elicit information from another person by asking questions”.
Although a list of predetermined questions are prepared, semi-structured
interviews often unfold in a way that affords the participants the opportunity to

discuss and explore issues they feel are important (Clifford et al., 2010, p. 144).

Open questions were posed to the participant during interviews which were
each centred on a particular theme relating to the study. The questions
prompted discussion with the interviewee and thus created insight into their

individual opinions on the impact of CSIl and CGM technologies on the self-
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management of T1D for adults in Ireland. Themes identified in the literature
review include:

1. Patient Selection

2. Education and Training

3. Health Outcomes

4. Quality of Life

The interviews were held over a period of two weeks from May 8™ to May 22"
2017. Both face to face and telephone interviews took place during this time.
Face to face interviews were held at various locations including on campus at
TCD, an Endocrine clinic in Dublin and at Central Park Industrial Estate in
Dublin. Interviews lasted between 45 and 60 minutes. A total of six interviews
were held, this was due to the 60% invitation to interview response rate. Details

of the participation profiles are shown in Table 1.

4.2.1 Participants

In order to gain a better understanding of the impacts of technologies on
diabetes care in Ireland a number of potential candidates were invited to take
part in the research. A total of 10 invitations were issued to a range of individuals
from professionals in the field of endocrinology to those individuals living with
T1D in Ireland aged 18 and over. Of the 10 invitations issued a total of 6
participants responded accepting the invitation. Table 1 provides a profile of

each of the candidates whom took part in the study.

Interview Profile Location | Years’
number experience
Interviewee 1 Diabetes Regional Development | Mayo >20
Officer
Interviewee 2 | Type 1 Diabetic Dublin <10
Interviewee 3 | Type 1 Diabetes Nurse | Dublin >20
Specialist
Interviewee 4 | Type 1 Dietician Dublin >8
Interviewee 5 | Type 1 Diabetic Kildare <5
Interviewee 6 Type 1 Diabetic Dublin >20

Table 1 Participant Profile

A variety of participant profiles were strategically chosen with the objective to

strengthen the validity and reliability of the data collated. Spanning across both
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healthcare professionals and individuals living with T1D allows for a more
rounded view of the research topic as insights are given from different
perspectives.

4.2.2 Tools and techniques

A number of tools and techniques were adopted from the literature based on
research best practice during the data collation process to ensure that the
interview approach was as efficient and effective as possible. These included:
1. Providing appropriate context and background of the research to the
participants.
Using appropriate resources to record information.
Semi-structured approach to interviews.

Identifying the phases involved in the execution of interviews.

Context

Prior to participating in the interviews candidates were provided with an
information form which had been approved by the Ethics Committee at TCD,
see Appendix 2. This form stated the objective and purpose of the research and
provided context to the participant by disclosing a brief background into the
reasons for conducting such research. Participants were advised that questions
were not mandatory and they had the right to decline any question posed to
them. Participants were also required to sign a consent form which allowed the

use of their anonymised data during the findings and analysis of the research.

Recording information

In order to ensure that the findings could be efficiently gathered an audio
recorder was used to record the interview with the permission of the participants.
This allowed engagement and attention to be maintained throughout the
interview into the insight provided by the participant as focus was on the
conversation and not on note taking. Key learnings and opinions of the
interviewee were also jotted down during the interview. After each interview,
audio recordings were listened to and the interviews were transcribed into a

word document. Appendix 3 contains a sample of interview transcript.
Semi-structured interviews

As the interviews were semi-structured this allowed the interviewee to provide

their views and allowed them to discuss their opinions on the topic in great
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detail.

The questions posed were open ended and this meant that they were

open to opinions and not simply a yes or no answer.

Interview execution

According to Whiting (2008), there are six key steps of the interview phase.

These are:

1.

Rapport Building: Building a relationship throughout the entire interview
is extremely important as it creates a calm environment and builds trust
with the interviewee.

Apprehension: The initial part of the interview can often present
elements of doubt or hesitation to answer honestly (DiCicco-Bloom and
Crabtree, 2006). Conversing and getting to know the individual before
the interview formally begins can reduce apprehension and create a
more relaxed atmosphere.

Exploration: As the interview evolves, the interviewee begins to provide
more comprehensive explanations of their experiences reinforced by the
use of open ended questions (DiCicco-Bloom and Crabtree, 2006).
Cooperative: At this stage a comfort level is reached and there is the
potential for more free discussion.

Participation: This is achieved when the interviewee guides and teaches
the interviewer based on their experiences (DiCicco-Bloom and
Crabtree, 2006).

Concluding: This is the final stage of the interview. At this point both

parties should feel comfortable and ready to finish.

4.3 Data Preparation

An audio recorder was used as the primary source of data collection while notes

on insights were also jotted down during the discussion. This ensured that no

data or insights were lost during the interview process. Following each interview,

the recorded information was transcribed into a word document. The information

was anonymised and each interviewee was identified by a randomly allocated

number between 1 and 6 for inclusion in the findings. Audio recordings and

transcripts were stored on a secure USB stick and locked away in a safe.

Transcribing the information from each interview prepared the data for analysis.

Once transcripts were created they were uploaded to NVivo for qualitative data

analysis.
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4.4 Data Analysis

Computer-assisted qualitative data analysis software (CAQDAS) was used to
analyse the raw data collected during the interview phase. Data analysis in
gualitative research predominantly involves coding or categorising the data.
This requires making sense of large amounts of data by reducing the volume of
raw information, followed by identifying significant patterns, and finally drawing

meaning from data by building a logical chain of evidence (Patton, 1999).

Coding the data is the most important stage in the qualitative data analysis
process and involves subdividing the large amount of raw data, and

subsequently assigning them into categories (Stiles, 1993).

NVIVO was the chosen software to analyse the raw primary data of the study
as this came recommended by the research supervisor to the study. The tool
enables researchers to code documents in an efficient and reliable manner (Peh
and Low, 2013). The tool enables the storage of the individual findings and

research results in one central location (Silver and Lewins, 2014).

The transcripts from each interview were uploaded to the application and the
key nodes or themes were identified. Using this software ensured that clear
connections between the findings were achieved by creating insight into the
recurring themes throughout each interview. The tool enables prompt
identification of trends and patterns in the data which form the basis for the

research findings.
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45 Themes

The primary research presented five themes as a result of participant feedback
during interview, four of which were common findings during the literature
review. These themes related to the both CSIl and CGM technology in terms of
their ability to impact the self-management of T1D for adults. The five themes
are represented in Figure 3.

Patient
Selection

Data & Education &
Communication Training

Quality of Life Health Outcome

Figure 3 Research Findings

1. Patient Selection refers to the need for healthcare professionals to
choose the right candidates for certain devices in order to ensure they
are the right fit and appropriate for the individuals way of life. This can
also be referred to as Suitability.

2. Education and Training refers to the pre-requisite information and
knowledge sharing that must be complete prior to using the technologies
for self-management of T1D.

3. Health Outcomes refer to the ability of the technologies to alter or
change the medical outcomes of the individual in terms of metabolic
control along with diabetes related complications.

4. Quality of life refers to the perceived standard of health, comfort, and
happiness experienced by an individual as a result of using the
technologies.

5. Data and Communication relates to the information produced from both
devices and how that information is interpreted to make decisions

relating to the management of the individuals’ illness.
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4.6 Qualitative research findings

Careful analysis of the findings of the primary research conducted during the
data collection phase of the study suggest that both CSll and CGM technology
have the ability to impact the self-management of T1D for adults living in Ireland.
These findings are categorised into five themes identified during both the
primary and secondary data analysis, these include:

1. Patient Selection
Education and Training
Health Outcomes
Quiality of Life

Data and Communications

a > w DN

Appropriate patient selection and suitability is vital for the success of both CSlI
and CGM devices. An important finding mentioned in all six interviews is that
the use of the technology is completely dependent on the individual. This is in
large part due to the fact that both devices require 24-hour attachment to the
individual which was noted as the main deterrent for adopting the devices. In
spite of this, the interviewees that used the insulin pump said that they ‘could

not imagine life without it’ as it makes self-management much easier.

Prior to using either device an intensive education programme is required to
teach the individual how to manage their diabetes on a daily basis, count
carbohydrates and adjust insulin dosage accordingly. This was found to be an

important prerequisite for device usage.

The insulin pump was noted for having a positive impact on health outcomes of
the individual with almost immediate improvements observed from when they
CSllI therapy commenced. CGM was not deemed to have an impact on health

outcome by the six interviewees.

Both devices were deemed to introduce a level of flexibility to the life of the
diabetic in terms of making decisions and managing their diabetes when out
and about. Furthermore, the CGM was noted for having both a positive and
negative impact on quality of life. This is due to the ability for the device to
provide peace of mind for the users however it was also noted that constant

checking of the CGM device can often times fuel anxiety for the individual.
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There is a need to integrate the data from technologies in order to provide a
holistic view of information for both the individual and healthcare professionals
to enable more efficient decision making. It was noted by the healthcare
professionals that gathering data and collating together to draw conclusions can

be quite labour intensive and requires data from multiple sources.

CSIl and CGM technologies facilitate T1D self-management, however, the
responsibility and onus lies with the individual and their support network to
leverage technology in order to better manage T1D. The detailed findings of the
primary research undertaken in the form of semi-structured interviews are
provided in Section 4.6.1 and 4.6.2.

46.1 CsSli

Of the six participants interviewed, two out of three healthcare professionals
were currently working with insulin pump users while one had previous
experience but is now focused on T2D. Two out of three T1D participants
involved in the study used CSII therapy for insulin administration.

The findings of the research in terms of the impact of the CSII technology on

T1D self-management are as follows:

46.1.1 Patient Selection

Suitability and patient appropriateness is extremely important prior to
prescribing CSIl for an individual with T1D. This is in large part due to the
hands-on approach required to manage such device. Individuals are required
to have a motivation to operate the CSlI device along with the commitment to
comply with the guidelines for using the technology as the success of the device

is completely dependent on the person

“If the person is suitable they can definitely get better control of their diabetes
through the pump. The patient must be taken into account and consideration
given as to whether the technology is suitable for them with regard to lifestyle.
For example, those not used to technology tend to dislike the pump and use of
the pump would not be recommended for those who are prone to anxiety related
to diabetes management”.

Interviewee 3
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“While the pump takes away from injections | don't think it reduces the amount
of time spent managing diabetes. It still required hands on management”.

Interviewee 5

“Those who use the pump tend to really like it. We have only seen two cases
out of about 80, where the patient returned the pump to go back on the pen”.

Interviewee 4

4.6.1.2 Education and Training

Prior to using the pump, the individual must attend a mandatory education
programme. There are two education programmes offered in Ireland for T1D
these are the Berger course and the DAFNE course (Forde et al., 2009 p. 11).

e The Berger course is a two-and-a-half-day intensive course which
teaches attendees how to adjust their insulin dose depending on their
food choice. The course also focuses on improving diabetes self-
management skills.

e The DAFNE course takes five days to complete. In this course, people
learn how to adjust their insulin dosage to suit their free choice of food,
rather than having to work their life around their insulin doses. DAFNE
aims to encourage and equip people who have T1D to manage their

insulin regimens actively and independently.

The programme offered to T1D patients will vary depending on the clinic.
Diabetes management requires a lot of learning in the initial stages. This can
often fuel anxiety, for this reason CSll is not recommended for newly diagnosed

adults.

“There is an education programme required first before going onto a pump. This
shows the person how to carb count and other important self-management
tasks”.

Interviewee 2
“There is a lot of learning and responsibility involved in managing an insulin
pump”.

Interviewee 5
The level of education required alongside already existing courses in order to

adopt insulin pump technology may be a deterrent for individuals to uptake the
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technology. Diabetes technology for self-management is dependent on
education from healthcare professionals not only in the initial stages of
diagnosis but on an ongoing basis in order to enable and empower the diabetic
to manage their illness.

4.6.1.3 Health Outcomes

CSIlI was noted by a 5 of the 6 participants interviewed for directly improving
diabetes related health outcomes of the user. The insulin pump was thought of
by those who used it and those who work with it as an excellent technology for
suitable candidates. Once confirmation of patient suitability is achieved the
individual is provided with the relevant training and support required to use the
pump. CSIllI delivers insulin in a much more efficient manner when compared to
MDI. As a result, improvements of glycaemic control are observed almost

immediately.

“Insulin pump allows for tighter blood glucose control”.

Interviewee 1

“Once | went on the pump | saw an improvement straight away”.

Interviewee 2

“There is good evidence that they improve glycaemic control in adults with T1D.
There is also stronger evidence that the insulin pump improves HbA1c levels”.

Interviewee 4

“The CSII allows the individual to manipulate dosage more quickly”.

Interviewee 3

4.6.1.4 Quality of Life

The insulin pump replaces the need for the individual to physically inject insulin
in some cases up to six times a day. The insulin is administered through a site
on the individuals’ abdomen which is changed every 2 to 3 days. The pump has
the ability to provide greater flexibility as it allows the individual to input
information based on their carbohydrate consumption or physical activity levels
and will release required dosages when prompted by the individual. Background
insulin is delivered also which can greatly enhance the individuals sleep pattern

throughout the night.
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Two out of three interviewees with T1D used CSIl for administering insulin.
Greater flexibility leading to a better quality of life was noted by both users of
the CSII device.

“The insulin pump takes a lot of getting used to. The fact that there is no more
need to use the pen to inject is great as it gives me more flexibility when out and
about with friends”

Interviewee 5
This was reaffirmed by one professional whom stated that:

“It provides flexibility in their daily lives and allows people to think about the
pump in the same way that the pancreas works”. “It allows flexibility and
unpredictability in daily life, whether you are active, inactive, have several meals
or just one”.

Interviewee 4

CSll was also noted for having a potentially negative impact on the quality of
life for the individuals using the device. This will vary based on the individual
however, it relates to the fact that the device is visible and therefore removes

the anonymity associated with their illness.

“Patients are less open to using the pump. | think it is the wearing of the pump
puts them off”.

Interviewee 4

“I don't use the insulin pump. | don't like the idea of being attached to something
and the fact that it is visible to others removes the anonymity of my diabetes.
Especially at work this is something which | don't want to define me”.

Interviewee 6

4.6.1.5 Data and Communication

The theme of data relates to the information produced by each of the
technologies. Each technology has the ability to produce insight and reports on
trends and metrics. Some of these reports include device usage, insulin level,
or the duration of time the device is disconnected along with many more. There
are a number of different uses of the data, the main one being that it can be
used by the individual to have meaningful and fact driven conversations with

their healthcare specialists. In this instance, the theme of data has been broken
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into a number of key characteristics which were revealed during the analysis of
interview transcripts. These include accuracy of the data, the ability to report on
the data and finally the longevity of the data.

Accuracy of data is dependent on the appropriate use of the device. This is why
it is imperative that the patient is deemed suitable for using such device and
demonstrates motivation and compliance when operating the CSIl device.
Education, training and ongoing specialist support provide reduce the threat of
accuracy issues with the individual use of the device as the person is equipped

with the knowledge required to optimally use the device.

CSllI technology has the ability to create reports based off the data produced.
This information is gathered in an application associated with the individual
piece of technology. The information from each device is manually printed off
and used during appointments with the T1D patient and their healthcare team.
The important thing to note here is that the onus to collate such information is
entirely on the individual. Similarly, once data is gathered from the reports and
brought to the clinic not all information is integrated. As a result, this makes
decision making and connecting scenarios more onerous and time consuming
as there a number of attributes which have an impact on the individual’s diabetic

outcome.

“Gathering data can be clunky”

Interviewee 2

“We look very much at the patterns over time and then look to the day to day.
There are a number of considerations we need to look at when reviewing the
data. These include carbohydrate intake, insulin, blood glucose levels.
Gathering this information is entirely dependent on whether the patient uses the
pump correctly and inputs the correct information into the pump”.

Interviewee 3

“There is a need to look at finding better ways to integrate the glucose data, with
exercise, food etc. From a healthcare professionals point of view using different
software’s and systems with each device can be difficult to navigate”.

Interviewee 4
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Longevity of the data is associated with how long or how far back the data can
be used to inform clinical decisions. As T1D is managed on a day to day basis
the clinic will not use data further back than 14 days. While the trends over time
can be useful to the individual from the perspective of looking at their illness
long term solely from an information point of view, it cannot be used in a clinical

setting.

“‘We use new data as we could not deal with far back data. It is based on the
most recent timescale for example, the last 5 days. If the patient has
downloaded more we may use up to 2 weeks however, any further back cannot
be used for clinical decision making”.

Interviewee 3

There are a number of factors which contribute to the theme of data. In the case
of this research focus was on the accuracy of data, the reports created and the
longevity of the information. From this the conclusion is drawn that data
accuracy is dependent on the individual in order to input the appropriate
information into the device. From a reporting perspective, there is a need to
integrate data from multiple sources in order to be able to draw conclusions and
use the information to make clinical decisions. This can be a time-consuming
process. Finally, the information used in making clinical decisions must be
recent as T1D can vary in terms of glycaemic levels amongst other important
attributes. Decisions cannot be made on historical data older than 14 days at a

maximum.

46.2 CGM

The CGM device is relatively new in Ireland while the three healthcare
professionals interviewed were familiar with the device none of the T1D
interviewed had experience with using the technology to monitor blood glucose

levels.

All three healthcare professionals partaking in the study noted that there
appeared to be a misunderstanding relating to the difference between the CGM
and the flash glucose monitor as the flash monitor does not continually monitor
glucose. The flash glucose which has been available on the market since
October 2016 provides a reading when the site is scanned, this reading is
interstitial glucose and not the cells of the blood, therefore the reading will differ

from a reading which draws blood to test (Donaghy, 2016). Healthcare
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professionals noted that when patients are informed that the use of CGM
required calibration and does not completely remove the need to finger prick
they are often disheartened.

4.6.2.1 Patient Selection

The theme of usability refers to the ease of use or user friendliness of each
device. The most obvious point to note is that for both devices the user is
required to be attached to it 24/7. Therefore, this can deter users from adopting
such technologies. The participants of the interviews reaffirmed this idea as it
was noted that such technologies are not suitable for everyone.

“CGM devices are available on the long-term illness scheme. The use is
recommended based on a person’s clinical need. This means that if someone
wants the CGM, they may not necessarily get it”.

Interviewee 1

4.6.2.2 Education and Training

The CGM device is used to monitor blood glucose on an ongoing basis. It is
important to note that such technology does not 100% replace the finger prick
method as the device requires recalibration up to three times daily. More

education is required to inform individuals of the use of CGM technology.

“There has been an upsurge in the number of people asking about the CGM
device”

Interviewee 3

“There is a misunderstanding and assumption that CGM replaces blood glucose
monitoring, this often creates a challenge when patients enquire about the
devices. They are often disappointed when they realise that it does not replace
the need to finger prick”

Interviewee 4

The research suggests that there is a need for more education to inform patients
of the usage and capability of CGM devices, this is largely due to the
unawareness and common misunderstandings made between the CGM and

flash glucose monitoring device.
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4.6.2.3 Health Outcomes

The CGM device provides information to the individual about their blood glucose
levels on a real-time basis and removes the need to finger prick at regular
intervals for glucose monitoring. However, a finger prick reading is required at
least once per day to calibrate the device. The device gives the individual the
ability to decide whether they need to react to their blood glucose levels at any
given point in time, based on the readings. The device also has the ability to
warn the individual when glucose levels exceed or fall below a predefined level.

While the study did not explicitly identify a direct correlation between the CGM
device and improvement to health outcomes of the diabetic, the device enables
the individual to make more informed decisions regarding blood glucose levels
and can reduce uncertainty regarding their blood sugar levels.

4.6.2.4 Quality of Life

Flexibility in terms of this study relates to the ability of the diabetic to live
somewhat flexibly regarding decisions made throughout the day. Diabetes
management requires structure and pre-planning with regard to food intake and
physical activity. The use of technology can somewhat reduce the burden and

overhead on this for the individual.

“Technology removes guessing and makes it easier to manage diabetes on a
day to day basis”.

Interviewee 2

The research found a correlation between the CGM device and the quality of
life of the patient was noted by all three healthcare professionals interviewed
with regard to the association between the CGM technology and increased
anxiety in a number of patients. This is usually as a result of the fact that they
monitor glucose levels at any given time which means that they could react to
something that may not be required. This can in turn lead to information

overload or what the professionals call ‘Diabetic Burnout'.

“Information overload fuels anxiety”.

Interviewee 3
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In spite of this the CGM technology was praised by two healthcare professionals
for providing peace of mind on the go for individuals that use the CGM for

glucose monitoring.

“I think it is a good tool for active people as it provides flexibility when on the

go”.
Interviewee 1

“It can really help for example when getting into the car. They can take a quick
look at their device and check to see if | am ok. It provides the individual with
reassurance when on the move”. The devices also have the ability to send alerts
or warnings based on when levels reach a certain predetermined limit. For the
individual, “It means that they have peace of mind and do not always have to
eat to keep blood glucose levels up”.

Interviewee 3

The research suggests that the ability of CGM to impact on quality of life is
largely dependent on the individual. Unfortunately, in this instance real-life user
experience was not gained from the perspective of a person with T1D as the

participants of the interviews did not use such device.

4.6.2.5 Data and Communication

The theme of data relates to the information produced by each of the
technologies. Each technology has the ability to produce insight and reports on
trends and metrics. Data from the CGM device is instantaneous and can be

used by the individual to guide decision making.

Despite this, an interesting discovery during the interview phase is that CGM
reports cannot be used by to make clinical decisions. This is in large part due to
the accuracy as a result lag time associated with the monitoring of glucose from

interstitial cells versus and blood cells.

“The CGM data is not used to make clinical decisions”

Interviewee 4

A useful attribute of the device is the ability to programme the device to alert the

user if glucose levels drop below or go above a pre-determined level. This

51



The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 52

enables the user to take a proactive approach to self-management in terms of

taking precautions to avoid hypoglycaemic episodes.

The findings of the data analysis suggest that while CGM is not used to make
clinical decisions, the individual can benefit from the real-time data produced by
the device in terms of monitoring their blood glucose levels to achieve good
glycaemic control and avoid hypoglycaemic episodes through the use of alarms.

4.7 Summary of findings

The finding of the primary research conducted during the data collection phase
of this dissertation suggest that technology has the ability to impact the self-
management of T1D for adults living in Ireland in a number of ways. These have
been identified through the themes highlighted in the research. These are
patient selection, education and training, health outcomes, quality of life and

data and communications.

Appropriate patient selection is vital to ensure patient suitability to using both
CSll and or CGM technologies for the self-management of T1D. This is in large
part due to the impact of the device on the patient’s quality of life in terms of the
need to wear the device 24/7. Motivation engagement and compliance are
required from the patient in order to achieve positive outcomes of using both

devices.

Education is one of the most important attributes of self-management. There
are a number of factors that must be managed closely in order to control T1D
and blood sugar levels and reduce the risk of the individual suffering from
diabetes related illnesses. These include carbohydrate counting, bolus and
basal counting along with consideration for activities including exercise or even

alcohol consumption.

“Technology requires a steep learning curve. It’s not suitable for someone newly
diagnosed”.

Interviewee 1

CSill is associated with improving diabetes related health outcomes of the user.
The insulin pump was thought of by those who used it and those who work with
it as an excellent technology for suitable candidates. Once confirmation of

patient suitability is achieved the individual is provided with the relevant training
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and support required to use the pump. CSIl delivers insulin in a much more
efficient manner when compared to MDI. As a result, improvements of
glycaemic control are observed almost immediately. While the study did not
explicitly identify a direct correlation between the CGM device and improvement
to health outcomes of the diabetic, the device enables the individual to make
more informed decisions regarding blood glucose levels and can reduce
uncertainty with regard to their blood sugar levels.

Both devices were deemed to introduce a level of flexibility to the life of the
diabetic in terms of making decisions and managing their diabetes when out
and about. This in turn is associated with a perceived improvement in the quality
of life of the individual. Conversely, the fact that both devices are attached to
the individual 24 hours a day was associated with deterring people from using
the devices due to the reduced anonymity of the individuals T1D along which in
turn could fuel anxiety. Despite this, the interviewees that used the insulin pump
said that they could not imagine life without it as it makes self-management

much easier.

There is a need to integrate the data from both technologies in order to provide
a holistic view for both the individual and healthcare professionals to make
better decisions. It was noted by the healthcare professionals that gathering
data and collating information to draw conclusions can be quite labour intensive

and requires data from multiple sources.

The outcome or impact of the use CSII and CGM for self-management of T1D
is completely dependent on the individual. For this reason, not all individuals
with T1D are suited to using the technology. Technology has the ability to impact
the self-management of T1D for adults in Ireland in a number of ways which
have been identified in relation to patient selection, education and training,
health outcomes, quality of life and data and communications. Technology acts
as a facilitator and enabler however, it does not directly manage diabetes. The
onus still falls with the individual to closely manage and monitor their insulin
levels and make both proactive and reactive decisions for optimum glycaemic

control.
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5 Conclusion and Future Work

5.1 Introduction

This final chapter provides an overview of the details of the research,
highlighting the findings and discussing whether the research question has been
answered. It also includes recommended future work to be carried out relating
to the field of study.

The research set out to understand the factors contributing to the uptake of CSl|
and CGM technologies by adults with T1D in Ireland. This was achieved by
conducting a critical analysis of the current literature in the field along with
gualitative primary research in the form of semi-structured interviews, to
determine the impact of both CSIl and CGM technologies on the self-
management of T1D in Ireland from the perspective of diabetics and healthcare
professionals. The main purpose of this research was to answer the research
guestion:

What is the impact of CSIl and CGM technologies on the self-

management of Type 1 Diabetes for adults in Ireland?

5.2 Research Findings

The literature review of the study established four common themes contributing
to the impact of both CSIl and CGM on the self-management of T1D. These
include patient selection, education and training, health outcome and quality of

life.

5.2.1 Impact of CSlII

As stated in section 2.2.5, when coupled with appropriate patient selection and
an effective education programme, CSII has the ability to positively impact self-
management of T1D by enhancing the health outcomes and quality of life of the
individual (Hanaire, 2011). CSll therapy allows suitable users to attain optimum
glycaemic control and stability (Lachin et al., 2000, Bruttomesso et al., 2009).
This result was endorsed during semi-structured interviews where participants
using CSIlI noted seeing benefits almost immediately in terms of improved
stability of glycemic levels along with increased flexibility when switching from
MDI. The success of self-management using CSIl is underpinned by ongoing
education and support provided by healthcare professionals which adapt to the

needs of the individual (Morrison and Weston, 2013). During interview,
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healthcare professionals stressed the need to ensure that the mandatory
education and training programmes were complete prior to considering a patient
for a CSIl. Furthermore, if the appropriate measures are followed, CSII has the
ability to enhance the self-management of T1D through improved health
outcomes of the individual along with enhancing their quality of life through
greater flexibility.

5.2.2 Impact of CGM

Section 2.3.4 CGM has the ability to impact the self-management of adults living
with T1D in a number of ways. Patient selection and education is vital for the
initial use of the device in order to ensure adherence and compliance.
Healthcare professionals stressed the importance of patient suitability for using
the device as it requires motivation and compliance and must be worn at least
70% of the time in order to see benefits (Deeb et al., 2015). The ADA (2016)
recommendations that the CGM is used in suitable candidates above the age
of 25 years. Subsequently, ongoing support is required for the individual to allow
them to meet their therapeutic goals. While the CGM has been proven to
improve glycaemic control, for patients using such device there is a reliance on
the individual to comply with the guidelines and instructions provided during the

training programme (Floyd et al., 2012).

Conversely, there are negative outcomes associated with the use of the CGM
device with regard to quality of life. CGM can lead to increased anxiety as a
result of triggering alarms and alerts for glucose levels (Benhamou et al., 2012).
Anxiety was observed by healthcare professionals who subsequently noted for
some patients the constant flow of information can trigger anxiety and lead to
diabetic burnout or fatigue. As the literature suggests there is further research

required to determine the impact of CGM devices on T1D (Lind et al., 2017).
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5.3 Research Recommendations

The objectives of the research were:
1. Identify the key areas contributing to the use of CSIlI for T1D self-
management by adults in Ireland.
2. ldentify the key areas contributing to the use of CGM for T1D self-
management by adults in Ireland.
Understand the perception of CSIlI from real life experience.
Understand the perception CGM from real life experience.

Determine the barriers to uptake (if any) of CSIl and CGM.

5.3.1 Contributing factors of CSIl usage
Appropriate patient selection along with an effective education and training
programme have been identified as the key areas contributing to the use of CSl|

devices for self-management of T1D for adults in Ireland.

5.3.1.1 CSIl Patient selection

A recurring feature in the literature and semi-structured interviews was the
requirement for appropriate patient selection prior to introducing an individual to
CSII. Patient selection is an extremely important attribute to ensure suitability of
the device for the individual. Self-management is entirely dependent on the
individual and therefore physicians and clinics need to make sure that the
technology is a right fit for the patient. As noted by an interviewee, CSll is time
consuming from both a clinical and individual point of view. This is why effective
candidate selection for CSll is vital for safeguarding success (Morrison and
Weston, 2013).

The success of the device is entirely dependent on the individual's motivation
and education in terms of how they use the device. A lack of proper education,
diminished motivation, deliberate insulin omission, and behavioural attitude can
affect patients’ compliance (Giani et al., 2015). There is an ongoing deliberation
as to what patients are most suited to using the insulin pump and whether the
benefits of using such device are greater than MDI specifically in relation to

attaining optimum glycaemic control (Krzymien et al., (2016).

5.3.1.2 CSII Education and Training

CSilI requires constant engagement from the individual to ensure the device is
being used appropriately. The importance of education and training regimens is
reaffirmed in the literature and the semi-structured interview phase. Prior to

using an insulin pump the patient is required to attend a mandatory education
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programme. The programme will vary depending on the clinic as there are
currently two courses available for T1D in Ireland, the DAFNE and the Berger
course. The aim of these training programmes is to enable individuals with T1D
to actively and independently manage their iliness (Forde et al., 2009). Patients
must complete the specified education and training programme in order to use
CSilI for self-management of T1D and ensure that benefits can be realised,
(Hanaire, 2011). Additionally, ongoing support and education can increase
adherence and treatment satisfaction leading to improved glycaemic control
(Giani et al., 2015). Diabetes technologies may improve and reduce the burden
of self-management on the day to day life of the diabetic however, they do not

remove the need for patient education and compliance (Krzymien et al., 2016).

5.3.2 Contributing factors of CGM usage

In agreement with factors contributing to CSIl usage, appropriate patient
selection and education and training have also been recognised as the key
determinants for consideration of the use of CGM devices for self-management

of T1D for adults in Ireland.

5.3.2.1 CGM Patient selection

CGM technology is still considered to be relatively new, therefore the distribution
of such devices must be closely managed for patients with T1D (ADA, 2016).
Careful assessment and patient selection is vital to ensure that the device meets
expectations and the needs of the individual (Benhamou et al.,, 2012).
Furthermore, the extent of benefit realisation from CGM is dependent upon
adherence to the use of the technology and on the interpretation of data to make
positive changes in treatment management (Benhamou et al., 2012). For this
reason, appropriate patient selection is an extremely important factor for the
success of CGM as patients must express motivation to comply with the
guidelines for use of the device. The ADA, backed by numerous studies,
recommends that CGM should be restricted to users over the age of 25 years
old. A number of clinical trials have found a direct correlation between the
success of CGM and age (Tamborlane et al., 2008; Deeb et al., 2015; ADA,
2016).

5.3.2.2 CGM Education and Training

Similarly, appropriate education and training is vital to ensure the benefits
realisation of CGM usage. Although novel technologies bring promise of positive
outcomes, it not used correctly as the manufacture intended then they can often

fail (Giani et al., 2015). For this reason, effective and appropriate training along
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with patient motivation are vital for success of the CGM. In order to reap the
benefits associated with CGM usage the individual requires a specific education
programme along with ongoing support from a trained healthcare specialist
(Benhamou et al., 2012). Technical training is essential to optimise reliability
and safety of use (Joubert and Reznik, 2012).

5.3.3 Perception of CSlI

Insight on the perceived impact of CSlI technologies was gathered during semi-
structured interviews and reaffirmed by the literature. Two themes, health
outcomes and quality of life, were identified as being critical to the impact of
CSIl on T1D management. Health outcomes relates to the ability of the
technologies to impact the health of the individual. Secondly, quality of life looks
at the impact of the technology on the ability of the user to uphold general well-

being.

5.3.3.1 CSIl Health Outcomes

The findings of the semi-structured interviews concluded that CSll can directly
improve diabetes related health outcomes of the user. CSIl was noted by
healthcare professionals along with users of the device for being ‘an excellent
technology for suitable candidates’. CSIl delivers insulin in a more efficient
manner when compared to MDI. As a result, improvements of glycaemic control
can be observed almost immediately in suitable candidates (Tamborlane et al.,
2008).

5.3.3.2 CSlIl Quality of Life

CSilI replaces the need for MDI which in some cases can be up to six times a
day. Insulin is administered through a site on the individuals’ abdomen which is
changed every 2 to 3 days. The pump has the ability to provide greater flexibility
as it allows the individual to input information on carbohydrate consumption or
physical activity levels and will release required dosages when prompted.
Background insulin is delivered also which can greatly enhance the individuals
sleep pattern throughout the night. Greater flexibility leading to a better quality
of life was noted during interview by users of the CSIl device. Conversely, CSII
was noted for having a potentially negative impact on the quality of life for the
individuals using the device due to the fact that the device is worn externally

and is visible. Therefore anonymity of T1D is removed for the user.

58



The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 59

5.3.4 Perception of CGM

The perception of CGM technology from real life experience was gathered
during interviews with healthcare professionals. Participants interviewed with
T1D did not have experience using CGM. However, in line with CSIl two
common themes were identified. Health outcomes and quality of life are
imperative to the ability of CGM to have an impact the self-management of T1D

management.

5.3.4.1 CGM Health Outcomes

CGM provides information to the individual about their blood glucose levels on
a real-time basis and removes the need to finger prick at regular intervals for
glucose monitoring (Tamborlane et al., 2008). However, a finger prick reading
is required at least once per day to calibrate the device. The device gives the
individual the ability to decide whether or not they need to react to their blood
glucose levels at any given point in time, based on the readings. The device
also has the ability to warn the individual when glucose levels exceed or fall
below a predefined level (Benhamou et al., 2012). The qualitative research did
not explicitly identify a direct correlation between the CGM device and
improvement to health outcomes of the diabetic. The device enables the
individual to make more informed decisions regarding blood glucose levels and

can reduce uncertainty with regard to their glucose levels.

5.3.4.2 CGM Quality of Life

Diabetes management requires structure and pre-planning with regard to meal
times and exercise (Alvarado-Martel et al., 2015). The use of technology can
somewhat reduce the burden and overhead on this for the individual. CGM
enhances quality of life by increasing the flexibility of decision making and
providing peace of mind on the go (Joubert and Reznik, 2012). It was discovered
during interviews that CGM can also negatively impact quality of life in terms of
increased anxiety through the continuous flow of information which may lead to
the individual reacting with insulin to a reading when it may not necessarily be

required. In the long term, this can lead to patient fatigue or ‘Diabetic Burnout’.

5.3.5 Barriers to uptake

Barriers to uptake relate to the reasons why CSIl and CGM usage is not
chosen by adults to self-manage T1D. Barriers to uptake were identified during
semi-structured interviews, the findings of which are detailed below in section
5.3.5.1 and 5.3.5.2.
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5.3.5.1 Barriers to uptake of CSl|

The barriers to uptake for CSII have been identified during the semi-structured
interview phase of the research. It was revealed that the main barrier to uptake
for this technology is as a result of the requirement for the individual to be
attached to the device 24 hours per day. Also, consideration must be given to
the level of resourcing required in order to sanction a CSIl device for use by a
patient. As noted by one healthcare professional during interview, not all T1D
clinics in Ireland provides expertise for CSll. Therefore, the individual may be

required to travel long distances in order to receive treatment.

5.3.5.2 Barriers to uptake of CGM

While CGM devices were noted in general for being a good innovation, the
consensus from the healthcare professionals was that there is more
development required in order to improve the accuracy and relatability of the
devices. None of the T1D participants interviewed had experience with the CGM
device. It was revealed that while CGM reduces the number of times finger
pricking is required the requirement to recalibrate the device with blood glucose
often deters people. Further research is required in order to determine the
additional barriers to uptake of the CGM (Lind et al., 2017).

5.4 Approach to research

5.4.1 Research method

Qualitative studies aim to understand how people feel about something and why
they think that way, what their perspectives are, and what a technology means
to people (Kaplan and Maxwell, 2005). Due to the nature of the research
guestion and associated research objectives a qualitative, interpretive,
inductive, grounded theory approach was selected in order to understand the
impact of technology on the self-management of T1D in Ireland. The research
was conducted by adopting the thematic approach to analysis as defined by
Braun and Clark (2006). Furthermore, triangulation was employed to ensure
that credibility, reliability and validity was instilled in the findings through the use
of secondary data in the form of published literature. By using a qualitative
approach to research focus was maintained on the purpose and context of the

research during data collection from varying social dimensions (Mason, 1996).

60



The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 61

5.4.2 Data Analysis

CAQDAS was used to analyse the raw data collected during the interview
phase. The data was coded and categorised which revealed patterns and
correlations between insights. This enabled meaning to be drawn from data by
building a logical chain of evidence (Patton, 1999).

NVIVO was the chosen software to analyse the raw primary data of the study
as this came recommended by the research supervisor to the study. The tool
enables documents to be coded in an efficient and reliable manner (Peh and
Low, 2013). The transcripts from each interview were uploaded to the
application and the key nodes or themes were identified. Using this software
ensured that insight could be gained into the findings by recognising recurring
themes throughout each interview. As noted in section 4.4 NVivo enabled
prompt identification of trends and patterns in the data which form the basis for

the research findings.

5.4.3 Data Interpretation

Braun and Clarkes (2006) approach to thematic analysis was adopted using the
NVivo software for computerised qualitative analysis to interpret the qualitative
research data. This involved transcribing audio recordings, generating codes,
categorising codes into themes, refining themes and finally drawing conclusions
to produce findings. The use of this systematic approach enabled key insights
and findings to be captured.

5.5 Generalisability of Findings

Qualitative research focuses on appropriate depiction of the research events
and understanding the key issues under investigation (Leung, 2015).
Generalisability is related to how theories generated in one research setting can
be applied to another research setting (Yin, 2013). As noted in Section 3.11 the
research was carried out using a grounded theory approach. This research
formed a pragmatic method to generalisability which adopts the use of a
systematic approach to sampling, data triangulation and the use of secondary
data to validate findings (Leung, 2015). The findings of the research in terms of
the five themes relating to the impact of technology for the self-management of
a chronic illness may be generalised outside the research setting. Both
technologies can be replicated for use in base on circumstance for patients with

T2D. Similarly research on the broader topic of technology for the self-
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management of chronic illness may adopt a similar qualitative approach to

research.

5.6 Contribution to the Field of Research

The research dissertation adds to the current state of knowledge in the subject
of the impact of CSIl and CGM technology on the self-management of T1D by
creating a holistic view of the contributing factors which have an impact on the
use of both CSIl and CGM devices by adults with T1D.

In addition, the research contributes to the field of research by achieving the
objectives as discussed in Section 5.3 above. These objectives were:
1. Identify the key areas contributing to the use of CSIl for T1D self-
management by adults in Ireland.
2. Identify the key areas contributing to the use of CGM for T1D self-
management by adults in Ireland.
Understand the perception of CSIlI from real life experience.
4. Understand the perception CGM from real life experience.
Determine the barriers to uptake (if any) of CSIl and CGM.

The findings of the research suggest that the use of CSIl and CGM can impact
the self-management of T1D for adults in a number of ways.

CSilI can impact the self-management of T1D in terms of the ability of the device
to improve health outcomes and quality of life for the individual. These benefits
can be observed given the pre-requisite of appropriate patient selection and

education is followed.

Numerous studies have shown that the CGM device can impact the self-
management of T1D for adults with regard to health outcomes in terms of
glycaemic control along with providing both positive and negative impacts on

quality of life.

For T1D adults in Ireland it is estimated that only 6% of the entire T1D population
use these devices to manage their illness (Noctor and Firth, 2010). This is in
large part due negative perception around the requirement to wear the devices
24 hours a day. Provided the appropriate selection of patients and effective
education, both CSIl and CGM devices have the ability to greatly impact the
self-management of T1D in terms of improved health outcomes and a perceived

enhancement of quality of life.
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5.7 Limitations of the Research

There are a number of limitations identified in relation to the research. The first
of which relates to the use do the qualitative mono method for data collection
which collates the insight gathered on the views of each of the six participants
to the study. While insight was gathered with regard to the research topic in
terms of the impact of CSIl and CGM on the self-management of T1D the
sample of participants was limited in size which could have an impact on
objectivity to the research topic. To avoid such limitation in the future the
recommendation would be to use a larger sample size relative to the population
by adopting a mixed method to data collection which would include both
guantitative and qualitative research techniques. This would further reinforce

triangulation of data and thus add to the diversity of findings produced.

In addition to this another limitation was observed with regard to conducting
semi-structured interviews. As more interviews were conducted the skills and
techniques were improved over time in terms of approaches to note takings,
interview techniques and preparation. Therefore, the quality of insight gained
from the first interview may not be deemed as insightful as that of the sixth
interview. The adoption of Braun and Clarkes (2006) thematic analysis
approach to interviews was adopted in an attempt to mitigate this risk. There

were a number of lessons to be learned while conducting these interviews.

The final limitation was identified during the analysis of the qualitative data using
the CAQDAS. Analysing large amounts of qualitative data produced as an
output of the semi-structured interviews proved challenging in terms of
identifying codes and categories to analyse the data. However, this was
reduced with the standardisation of themes during the literature review phase

which were borrowed during the formulation of the interview questions.

5.8 Opportunities for Future Research

As noted in Section 1.3, diabetes places a significant burden of care on the
individual, healthcare professionals and the wider health system (Tracey, 2016).
Continuous improvements and innovations in technology and healthcare can
greatly improve the management of chronic illness and reduce long term costs
(Hitachi, 2016).Technology for the self-management of diabetes is constantly
evolving. The introduction of SAP therapy presents an opportunity to enable a
closed loop system for diabetes management. This is a pertinent area for future

research
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This research focused on the impact of two devices on the self-management of
T1D for adults in Ireland. However, there are many more available on the market
including bolus calculators, smart watches, mobile applications and many more.
This presents many opportunities for further research in relation to the
technology available for the self-management of T1D. Further opportunities for
research exist in the space of other technologies in terms of their impact on the
self-management of diabetes. Similarly, these devices can be adapted for T2D.
Therefore, this could be explored in more detail with regard to the ability of CSII

and CGM to impact on the self-management of T2D.

5.9 Conclusion

This research sought to better understand the impact of CSIl and CGM on the
self-management of T1D. Based on the literature review conducted during this
study the themes of patient selection, education, health outcome and quality of
life were deemed imperative to impacting the use of both technologies.
Additionally, these findings were reaffirmed in the qualitative research analysis
with the addition of one further theme relating to Data and Communications.

Semi-structured interviews were undertaken with six participants varying from
individuals with T1D to healthcare professionals specialising in T1D. The main
insight gained was that when prescribed to suitably selected patients, both CSI|
and CGM devices can improve the health outcome and quality of life of the
individual. However, the challenge exists with regard to providing rigorous
training and ongoing support in order to ensure that patients are using the

devices both effectively and efficiently.

The findings of the study conclude that while technologies can impact the self-
management of T1D for certain individuals it must be understood that the cost
vs. benefit of using devices can diminish in the long run (Shulman et al., 2016).
Therefore, appropriate patient selection is vital in order to get the best out of

using each of these devices (Hanaire, 2011).

64



The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 65

References

ADA, A. D. A. (2013) 'Standards of Medical Care in Diabetes—2013', Diabetes
Care, 36(Suppl 1), pp. S11-S66.

Alsaleh, F. M., Smith, F. J. and Taylor, K. M. (2012) 'Experiences of
children/young people and their parents, using insulin pump therapy for
the management of type 1 diabetes: qualitative review', J Clin Pharm
Ther, 37(2), pp. 140-7.

Alvarado-Martel, D., Velasco, R., Sdnchez-Hernandez, R. M., Carrillo, A.,
NOvoa, F. J. and Wégner, A. M. (2015) 'Quality of life and type 1
diabetes: a study assessing patients’ perceptions and self-
management needs', Patient preference and adherence, 9, pp. 1315-
1323.

American Diabetes Association (2009) 'Diagnosis and Classification of
Diabetes Mellitus', Diabetes Care, 32(Suppl 1), pp. S62-S67.

American Diabetes Association (2013) Advantages of Using an Insulin Pump.
Available at: http://www.diabetes.org/living-with-diabetes/treatment-
and-care/medication/insulin/advantages-of-using-an-insulin-
pump.html?referrer=http://www.sciencedirect.com/science/article/pii/SO
20852161500073X.

Association, A. D. (2016) 'Standards of Medical Care in Diabetes - 2016', The
Journal of Clinical and Applied Research and Education, 39(1), pp.
S39 - S46.

Barnard, K. D., Lloyd, C. E. and Skinner, T. C. (2007) 'Systematic literature
review: quality of life associated with insulin pump use in Type 1
diabetes', Diabetic Medicine: A Journal Of The British Diabetic
Association, 24(6), pp. 607-617.

Benhamou, P. Y., Catargi, B., Delenne, B., Guerci, B., Hanaire, H., Jeandidier,
N., Leroy, R., Meyer, L., Penfornis, A., Radermecker, R. P., Renard,
E., Baillot-Rudoni, S., Riveline, J. P., Schaepelynck, P., Sola-
Gazagnes, A., Sulmont, V., Tubiana-Rufi, N., Durain, D. and
Mantovani, I. (2012) 'Real-time continuous glucose monitoring (CGM)
integrated into the treatment of type 1 diabetes: Consensus of experts
from SFD, EVADIAC and SFE', Diabetes & Metabolism, 38, pp. S67-
S83.

Blanche, M. T., Blanche, M. J. T., Durrheim, K. and Painter, D. (2004)
Research in Practice: Applied Methods for the Social Sciences. UCT
Press.

Block, C. D., Manuel-y-Keenay, B. and Gaal, L. V. (2008) 'A Review of Current
Evidence with Continuous Glucose Monitoring in Patients with
Diabetes', Journal of diabetes science and technology (Online), 2(4),
pp. 718-727.

Bode, B. W., Johnson, J. A., Hyveled, L., Tamer, S. C. and Demissie, M.
(2017) 'Improved Postprandial Glycemic Control with Faster-Acting
Insulin Aspart in Patients with Type 1 Diabetes Using Continuous
Subcutaneous Insulin Infusion', Diabetes Technology & Therapeutics,
19(1), pp. 25-33.

Bowen, G. A. (2005) 'Preparing a qualitative research-based dissertation:
Lessons learned’, The Qualitative Report, 10(2), pp. 208-222.

Braun, V. and Clarke, V. (2006) 'Using thematic analysis in psychology’,
Qualitative Research in Psychology, 3(2), pp. 77-101.

Brown, V. J. (2012) 'An overview of insulin pump therapy: appropriate use of
an expensive resource', Journal of Endocrinology, Metabolism &
Diabetes of South Africa, 17(3), pp. 122-126.

Bruttomesso, D., Costa, S. and Baritussio, A. (2009) 'Continuous
subcutaneous insulin infusion (CSII) 30 years later: still the best option

65


http://www.diabetes.org/living-with-diabetes/treatment-and-care/medication/insulin/advantages-of-using-an-insulin-pump.html?referrer=http://www.sciencedirect.com/science/article/pii/S020852161500073X
http://www.diabetes.org/living-with-diabetes/treatment-and-care/medication/insulin/advantages-of-using-an-insulin-pump.html?referrer=http://www.sciencedirect.com/science/article/pii/S020852161500073X
http://www.diabetes.org/living-with-diabetes/treatment-and-care/medication/insulin/advantages-of-using-an-insulin-pump.html?referrer=http://www.sciencedirect.com/science/article/pii/S020852161500073X
http://www.diabetes.org/living-with-diabetes/treatment-and-care/medication/insulin/advantages-of-using-an-insulin-pump.html?referrer=http://www.sciencedirect.com/science/article/pii/S020852161500073X

The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 66

for insulin therapy', DIABETES-METABOLISM RESEARCH AND
REVIEWS, 25(2), pp. 99-111.

Bryman, A. and Bell, E. (2015) Business research methods. Oxford University
Press, USA.

Canavan, R. (2013) Annual General Meeting of the National

Association of General Practitioner - Diabetes Treatment and care. Available

at: https://nagp.ie/agm-meeting-report/ (Accessed: 16/08/ 2017).

Carter, N., Bryant-Lukosius, D., DiCenso, A., Blythe, J. and Neville, A. J.
(2014) 'The use of triangulation in qualitative research’', Oncology
Nursing Forum, 41(5), pp. 545-547.

Choudhary, P., Ramasamy, S., Green, L., Gallen, G., Pender, S.,
Brackenridge, A., Amiel, S. A. and Pickup, J. C. (2013) 'Real-Time
Continuous Glucose Monitoring Significantly Reduces Severe
Hypoglycemia in Hypoglycemia-Unaware Patients With Type 1
Diabetes', DIABETES CARE, 36(12), pp. 4160-4162.

Clifford, N., French, S. and Valentine, G. (2010) Key Methods in Geography.
SAGE Publications.

Cohen, L., Manion, L. and Morrison, K. (2013) Research Methods in
Education. Taylor & Francis.

Colberg, S. R,, Sigal, R. J., Fernhall, B., Regensteiner, J. G., Blissmer, B. J.
and Rubin, R. R. (2010) 'Exercise and type-2 diabetes', Diabetes Care,
33.

Coallis, J. and Hussey, R. (2013) Business research: A practical guide for
undergraduate and postgraduate students. Palgrave macmillan.

Creswell, J. W. (2008) Research design: qualitative &amp; quantitative
approaches. Sage Publications.

Damiano, E. R., El-Khatib, F. H., Zheng, H., Nathan, D. M. and Russell, S. J.
(2013) 'A Comparative Effectiveness Analysis of Three Continuous
Glucose Monitors', Diabetes Care, 36(2), pp. 251-259.

Davies, M. B. and Hughes, N. (2014) Doing a successful research project:
Using qualitative or quantitative methods. Palgrave Macmillan.

Deeb, A., Abu-Awad, S., Abood, S., El-Abiary, M., Al-Jubeh, J., Yousef, H.,
AbdelRahman, L., Al Hajeri, A. and Mustafa, H. (2015) 'Important
determinants of diabetes control in insulin pump therapy in patients
with type 1 diabetes mellitus', Diabetes Technol Ther, 17(3), pp. 166-
70.

Diabetes Ireland (2017) Diabetes Prevalence in Ireland Dublin, Ireland:
Diabetes Ireland. Available at: https://www.diabetes.ie/about-
us/diabetes-in-ireland/ (Accessed: 17/08/ 2017).

DiCicco-Bloom, B. and Crabtree, B. F. (2006) 'The qualitative research
interview', Medical education, 40(4), pp. 314-321.

Donaghy, K. (2016) "Tech that's a good friend to peaple with diabetes s |ndependent.i6, 16/06/.
Available at: http://www.independent.ie/life/health-wellbeing/tech-thats-
a-good-friend-to-people-with-diabetes-34904905.html.

Easterby-Smith, M., Thorpe, R., Jackson, P. and Lowe, A. (2004)
Management Research. SAGE Publications.

Flick, U. (2014) An introduction to qualitative research. Sage.

Floyd, B., Chandra, P., Hall, S., Phillips, C., Alema-Mensah, E., Strayhorn, G.,
Ofili, E. O. and Umpierrez, G. E. (2012) ‘Comparative Analysis of the
Efficacy of Continuous Glucose Monitoring and Self-Monitoring of
Blood Glucose in Type 1 Diabetes Mellitus', Journal of Diabetes
Science and Technology, 6(5), pp. 1094-1102.

Forde, R. (2001) 'Diabetes: Under the Skin of Diabetes', World of Irish
Nursing, (no. 9).

Forde, R. (2011) 'Diabetes - Improved Control', World of Irish Nursing, (no. 3).

Forde, R., Dinneen, S., Humphreys, M., Carmody , M., Clarke, A., O’Leary, K.
and Conway, J. (2009) Review of Diabetes Structured

66


https://nagp.ie/agm-meeting-report/
https://www.diabetes.ie/about-us/diabetes-in-ireland/
https://www.diabetes.ie/about-us/diabetes-in-ireland/
http://www.independent.ie/life/health-wellbeing/tech-thats-a-good-friend-to-people-with-diabetes-34904905.html
http://www.independent.ie/life/health-wellbeing/tech-thats-a-good-friend-to-people-with-diabetes-34904905.html

The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 67

Education Republic of Ireland 2009, Oak House, Millennium Park,
Naas, Co Kildare (045) 880400: Health Service Executive. Available at:
https://www.hse.ie/eng/services/Publications/topics/Diabetes/diabetess
tructureded.pdf.

Free, C., Phillips, G., Galli, L., Watson, L., Felix, L., Edwards, P., Patel, V. and
Haines, A. (2013) 'The Effectiveness of Mobile-Health Technology-
Based Health Behaviour Change or Disease Management
Interventions for Health Care Consumers: A Systematic Review', PL0oS
Medicine, 10(1), pp. 1-45.

Fritschi, C. and Quinn, L. (2010) 'Fatigue in Patients with Diabetes: A Review',
Journal of psychosomatic research, 69(1), pp. 33-41.

Galletta, A. (2013) Mastering the semi-structured interview and beyond: From
research design to analysis and publication. NYU Press.

Garg, S., Zisser, H., Schwartz, S., Bailey, T., Kaplan, R., Ellis, S. and
Jovanovic, L. (2006) 'Improvement in glycemic excursions with a
transcutaneous, real-time continuous glucose sensor: a randomized
controlled trial', Diabetes Care, 29(1), pp. 44-50.

Ghauri, P. N. and Grgnhaug, K. 2005. Research methods in business studies:
A practical guide. Pearson Education.

Giani, E., Scaramuzza, A. E. and Zuccotti, G. V. (2015) 'Impact of new
technologies on diabetes care', World Journal of Diabetes, 6(8), pp.
999-1004.

Gomez, A. M. and Umpierrez, G. E. (2014) 'Continuous Glucose Monitoring in
Insulin-Treated Patients in Non-ICU Settings', Journal of Diabetes
Science and Technology, 8(5), pp. 930-936.

Gray, D. E. (2013) Doing research in the real world. Sage.

Grove, S. K., Burns, N. and Gray, J. (2003) The Practice of Nursing Research:
Appraisal, Synthesis, and Generation of Evidence. Elsevier/Saunders.

Guest, G., Namey, E. E. and Mitchell, M. L. (2012) Collecting Qualitative Data:
A Field Manual for Applied Research. SAGE Publications.

Hanaire, H. (2011) 'External insulin pump treatment in the day-to-day
management of diabetes: benefits and future prospectives', Diabetes &
Metabolism, 37, pp. S40-S47.

Health Quality Ontario (2009) 'Continuous Subcutaneous Insulin Infusion
(CsSll) Pumps for Type 1 and Type 2 Adult Diabetic Populations: An
Evidence-Based Analysis', Ontario Health Technology Assessment
Series, 9(20), pp. 1-58.

Hitachi (2016) 'How can innovations in health care make a real difference to
people?', The Telegraph, 16/10/2017. Available at:
http://www.telegraph.co.uk/business/social-innovation/innovations-in-
healthcare/.

Hoogma, R. P. L. M., Hoekstra, J. B., Michels, B. P. and Levi, M. (2006)
'‘Comparison between multiple daily insulin injection therapy (MDI) and
continuous subcutaneous insulin infusion therapy (CSII), results of the
five nations study', Diabetes Research and Clinical Practice, 74, pp.
S144-S147.

Hughes, J. (1994) 'The Philosophy of Social Research'.

Johnson, J. S. (2015) 'Qualitative sales research: an exposition of grounded
theory', Journal of Personal Selling & Sales Management, 35(3), pp.
262-273.

Johnson, R. B. (1997) 'Examining the validity structure of qualitative research’,
Education, 118(2), pp. 282.

Joubert, M. and Reznik, Y. (2012) 'Personal continuous glucose monitoring
(CGM) in diabetes management: Review of the literature and
implementation for practical use', Diabetes Research and Clinical
Practice, 96(3), pp. 294-305.

67


https://www.hse.ie/eng/services/Publications/topics/Diabetes/diabetesstructureded.pdf
https://www.hse.ie/eng/services/Publications/topics/Diabetes/diabetesstructureded.pdf
http://www.telegraph.co.uk/business/social-innovation/innovations-in-healthcare/
http://www.telegraph.co.uk/business/social-innovation/innovations-in-healthcare/

The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 68

Kaplan, B. and Maxwell, J. (2005) 'Qualitative research methods for evaluating
computer information systems', Evaluating the organizational impact of
healthcare information systems, pp. 30-55.

Krzymien, J., Rachuta, M., Kozlowska, I., Ladyzynski, P. and Foltynski, P.
(2016) 'Treatment of patients with type 1 diabetes — Insulin pumps or
multiple injections?', Biocybernetics and Biomedical Engineering,
36(1), pp- 1-8.

Lachin, J. M., Genuth, S., Cleary, P., Davis, M. D. and Nathan, D. M. (2000)
'Retinopathy and nephropathy in patients with type 1 diabetes four
years after a trial of intensive therapy', The New England Journal Of
Medicine, 342(6), pp. 381-389.

Langendam, M. (2011) 'Continuous glucose monitoring systems for type 1
diabetes mellitus', Cochrane Database of Systematic Reviews, (2).

LeRoith, D., Taylor, S. I. and Olefsky, J. M. (2004) Diabetes Mellitus: A
Fundamental and Clinical Text. Lippincott Williams & Wilkins.

Leung, L. (2015) 'Validity, reliability, and generalizability in qualitative
research’, Journal of Family Medicine and Primary Care, 4(3), pp. 324-
327.

Lind, M., Polonsky, W., Hirsch, I. B., Heise, T., Bolinder, J., Dahlgvist, S.,
Schwarz, E., Olafsdottir, A. F., Frid, A., Wedel, H., Ahlen, E., Nystrom,
T. and Hellman, J. (2017) 'Continuous Glucose Monitoring vs
Conventional Therapy for Glycemic Control in Adults With Type 1
Diabetes Treated With Multiple Daily Insulin Injections: The GOLD
Randomized Clinical Trial', Jama, 317(4), pp. 379-387.

Linkeschova, R., Raoul, M., Bott, U., Berger, M. and Spraul, M. (2002) 'Less
severe hypoglycaemia, better metabolic control, and improved quality
of life in Type 1 diabetes mellitus with continuous subcutaneous insulin
infusion (CSII) therapy; an observational study of 100 consecutive
patients followed for a mean of 2 years', Diabetic Medicine, 19(9), pp.
746-751.

Longhurst, R. (2003) 'Semi-structured interviews and focus groups', Key
methods in geography, pp. 117-132.

Mason, J. (1996) Qualitative Researching. SAGE Publications.

Matthews, B. and Ross, L. (2014) Research Methods. Pearson Education
Limited.

McNally, K., Rohan, J., Pendley, J. S., Delamater, A. and Drotar, D. (2010)
'Executive functioning, treatment adherence, and glycemic control in
children with type 1 diabetes', Diabetes Care, 33(6), pp. 1159-62.

Medtronic (2017) What is Sensor Augmented Insulin Pump Therapy?:
Medtronic MiniMed, Inc. Available at:
http://www.professional.medtronicdiabetes.com/sensor-augmented-
insulin-therapy (Accessed: 28/08/ 2017).

Morrison, G. and Weston, P. (2013) 'The role of continuous subcutaneous
insulin infusion in the management of diabetes', Journal of Diabetes
Nursing, 17(9), pp. 330.

Muller-Godeffroy, E., Treichel, S. and Wagner, V. M. (2009) 'Investigation of
quality of life and family burden issues during insulin pump therapy in
children with Type 1 diabetes mellitus--a large-scale multicentre pilot
study’, Diabet Med, 26(5), pp. 493-501.

NICE (2008) Continuous subcutaneous insulin infusion for the treatment of
diabetes mellitus. Available at:
https://www.nice.org.uk/guidance/tal51/chapter/1-Guidance
(Accessed: 14/08 2017).

Noctor, E. and Firth, R. (2010) Insulin Pumps offer Improved Control: The Irish
College of General Practitioners. Available at:
https://www.icgp.ie/assets/10/E7A1027D-19B9-E185-
8393EDA5SC82BB09D document/InsulinPumps45-46.pdf.

68


http://www.professional.medtronicdiabetes.com/sensor-augmented-insulin-therapy
http://www.professional.medtronicdiabetes.com/sensor-augmented-insulin-therapy
https://www.nice.org.uk/guidance/ta151/chapter/1-Guidance
https://www.icgp.ie/assets/10/E7A1027D-19B9-E185-8393EDA5C82BB09D_document/InsulinPumps45-46.pdf
https://www.icgp.ie/assets/10/E7A1027D-19B9-E185-8393EDA5C82BB09D_document/InsulinPumps45-46.pdf

The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 69

Nuboer, R., Borshoom, G. J., Zoethout, J. A., Koot, H. M. and Bruining, J.
(2008) 'Effects of insulin pump vs. injection treatment on quality of life
and impact of disease in children with type 1 diabetes mellitus in a
randomized, prospective comparison', Pediatr Diabetes, 9(4 Pt 1), pp.
291-6.

O'Riordan, S., Turner, G. and Browne, C. (2015) PAEDIATRIC DIABETES:
MODEL OF CARE FOR ALL CHILDREN AND YOUNG PEOPLE
WITH TYPE 1 DIABETES, Ireland: Health Service Executive. Available
at: https://etvmy10vxue40ekl72jx7hmv-wpengine.netdna-ssl.com/wp-
content/uploads/2015/12/National-Clinical-Programme-for-Diabetes-
and-Paediatrics.pdf.

Patton, M. Q. (1999) 'Enhancing the quality and credibility of qualitative
analysis', HEALTH SERVICES RESEARCH, 34(5), pp. 1189-1208.

Peh, L. C. and Low, S. P. (2013) 'Introduction’, Organization Design for
International Construction Business: Springer, pp. 1-11.

Pozzilli, P., Battelino, T., Danne, T., Hovorka, R., Jarosz-Chobot, P. and
Renard, E. (2016) 'Continuous subcutaneous insulin infusion in
diabetes: patient populations, safety, efficacy, and
pharmacoeconomics', Diabetes/Metabolism Research & Reviews,
32(2), pp. 21-39.

Punch, K. F. (2013) Introduction to social research: Quantitative and
gualitative approaches. Sage.

Reece, S. W. and Hamby Williams, C. L. (2014) 'Insulin Pump Class: Back to
the Basics of Pump Therapy', Diabetes Spectrum : A Publication of the
American Diabetes Association, 27(2), pp. 135-140.

Roberts, P., Priest, H. and Traynor, M. (2006) 'Reliability and validity in
research’, Nursing Standard, 20(44), pp. 41-45.

Roberts, P. and Woods, L. (2000) 'Alternative methods of gathering and
handling data: maximising the use of modern technology', Nurse
Researcher, 8(2), pp. 84-95.

Rodbard, D. (2017) 'Continuous Glucose Monitoring: A Review of Recent
Studies Demonstrating Improved Glycemic Outcomes', Diabetes
Technology & Therapeutics, 19(Suppl 3), pp. S-25-S-37.

Salganik, M. J. and Heckathorn, D. D. (2004) 'Sampling and Estimation in
Hidden Populations Using Respondent-Driven Sampling', Sociological
Methodology, pp. 193.

Saunders, M., Lewis, P. and Thornhill, A. (2009) Research Methods for
Business Students. Prentice Hall.

Schilling, L. S., Grey, M. and Knafl, K. A. (2002) 'The concept of self-
management of type 1 diabetes in children and adolescents: an
evolutionary concept analysis', J Adv Nurs, 37(1), pp. 87-99.

Schmidt, M. I., Hadji-Georgopoulos, A., Rendell, M., Margolis, S. and
Kowarski, A. (1981) 'The Dawn Phenomenon, an Early Morning
Glucose Rise: Implications for Diabetic Intraday Blood Glucose
Variation', Diabetes Care, 4(6), pp. 579.

Seidman, I. (2006) Interviewing as Qualitative Research: A Guide for
Researchers in Education and the Social Sciences. Teachers College
Press.

Selam, J.-L. (2010) 'Evolution of Diabetes Insulin Delivery Devices', Journal of
Diabetes Science and Technology, 4(3), pp. 505-513.

Shrivastava, S. R., Shrivastava, P. S. and Ramasamy, J. (2013) 'Role of self-
care in management of diabetes mellitus', Journal of Diabetes &
Metabolic Disorders, 12(1), pp. 14.

Shulman, R., Miller, F. A., Daneman, D. and Guttmann, A. (2016) 'Valuing
technology: A qualitative interview study with physicians about insulin
pump therapy for children with type 1 diabetes', Health Policy, 120(1),
pp. 64-71.

69


https://etvmy10vxue40ekl72jx7hmv-wpengine.netdna-ssl.com/wp-content/uploads/2015/12/National-Clinical-Programme-for-Diabetes-and-Paediatrics.pdf
https://etvmy10vxue40ekl72jx7hmv-wpengine.netdna-ssl.com/wp-content/uploads/2015/12/National-Clinical-Programme-for-Diabetes-and-Paediatrics.pdf
https://etvmy10vxue40ekl72jx7hmv-wpengine.netdna-ssl.com/wp-content/uploads/2015/12/National-Clinical-Programme-for-Diabetes-and-Paediatrics.pdf

The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 70

Silver, C. and Lewins, A. (2014) Using Software in Qualitative Research: A
Step-by-Step Guide. SAGE Publications.

Silverman, D. (2013) Doing Qualitative Research: A Practical Handbook.
SAGE Publications.

Skyler, J. S. (2004) 'Effects of Glycemic Control on Diabetes Complications
and on the Prevention of Diabetes', Clinical Diabetes, 22(4), pp. 162.

Slover, R. H., Welsh, J. B., Criego, A., Weinzimer, S. A., Willi, S. M., Wood, M.
A. and Tamborlane, W. V. (2012) 'Effectiveness of sensor-augmented
pump therapy in children and adolescents with type 1 diabetes in the
STAR 3 study', Pediatr Diabetes, 13(1), pp. 6-11.

Smyth, B., Marsden, P., Donohue, F., Kavanagh, P., Kitching, A., Feely, E.,
Collins, L., Cullen, L., Sheridan, A., Evans, D., Wright, P., O'Brien, S.
and Migone, C. (2017) Planning for Health:

Trends and Priorities to Inform Health Service Planning 2017, Report from the

Health Service ExecutivelSBN 978-1-78602-037-6).

Stiles, W. B. (1993) 'Quality control in qualitative research’, Clinical
Psychology Review, 13(6), pp. 593-618.

Tamborlane, W. V., Beck, R. W., Bode, B. W., Buckingham, B., Chase, H. P.,
Clemons, R., Fiallo-Scharer, R., Fox, L. A., Gilliam, L. K., Hirsch, I. B.,
Huang, E. S., Kollman, C., Kowalski, A. J., Laffel, L., Lawrence, J. M.,
Lee, J., Mauras, N., O'Grady, M., Ruedy, K. J., Tansey, M., Tsalikian,
E., Weinzimer, S., Wilson, D. M., Wolpert, H., Wysocki, T. and Xing, D.
(2008) 'Continuous glucose monitoring and intensive treatment of type
1 diabetes', The New England Journal Of Medicine, 359(14), pp. 1464-
1476.

Tracey, M. L., Gilmartin, M., O'Neill, K., Fitzgerald, A. P., McHugh, S. M.,
Buckley, C. M., Canavan, R. J. and Kearney, P. M. (2016)
'Epidemiology of diabetes and complications among adults in the
Republic of Ireland 1998-2015: a systematic review and meta-
analysis', BMC Public Health, 16, pp. 132-132.

Trotter, R. T., 2nd (2012) 'Qualitative research sample design and sample
size: resolving and unresolved issues and inferential imperatives', Prev
Med, 55(5), pp. 398-400.

Tumminia, A., Sciacca, L., Frittitta, L., Squatrito, S., Vigneri, R., Le Moli, R.
and Tomaselli, L. (2015) 'Integrated insulin pump therapy with
continuous glucose monitoring for improved adherence: technology
update’, Patient preference and adherence, 9, pp. 1263-1270.

van Beers, C. A. J., DeVries, J. H., Kleijer, S. J., Smits, M. M., Geelhoed-
Duijvestijn, P. H., Kramer, M. H. H., Diamant, M., Snoek, F. J. and
Serné, E. H. (2016) 'Articles: Continuous glucose monitoring for
patients with type 1 diabetes and impaired awareness of
hypoglycaemia (IN CONTROL): a randomised, open-label, crossover
trial', The Lancet Diabetes & Endocrinology, 4, pp. 893-902.

Whiting, L. S. (2008) 'Semi-structured interviews: guidance for novice
researchers’, Nursing Standard, 22(23), pp. 35-40.

Wiesche, M., Jurisch, M. C., Yetton, P. W. and Krcmar, H. (2017)
'GROUNDED THEORY METHODOLOGY IN INFORMATION
SYSTEMS RESEARCH', MIS Quarterly, 41(3), pp. 685-A9.

Wilkinson, A., Whitehead, L. and Ritchie, L. (2014) 'Factors influencing the
ability to self-manage diabetes for adults living with type 1 or 2
diabetes', International Journal of Nursing Studies, 51(1), pp. 111-122.

WorldHealthOrganisation (2016) Global Report on Diabetes FrancelSBN 978
92 4 156525 7). Available at:
http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257 eng
-pdf.

Yeh, H. C., Brown, T. T., Maruthur, N., Ranasinghe, P., Berger, Z., Suh, Y. D.,
Wilson, L. M., Haberl, E. B., Brick, J., Bass, E. B., Golden, S. H., Yeh,

70


http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf
http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf

The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 71

H.-C., Brown, T. T., Maruthur, N., Ranasinghe, P., Berger, Z., Suh, Y.
D., Wilson, L. M., Haberl, E. B. and Brick, J. (2012) 'Comparative
effectiveness and safety of methods of insulin delivery and glucose
monitoring for diabetes mellitus: a systematic review and meta-
analysis', Annals of Internal Medicine, 157(5), pp. 336-347.

Yin, R. K. (2013) Case Study Research: Design and Methods. SAGE
Publications.

Yoon, J.-W. and Jun, H.-S. (2005) 'Autoimmune destruction of pancreatic 3
cells', American journal of therapeutics, 12(6), pp. 580-591.

71



The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 72

Appendices

Appendix 1: Interview Questions

Question 1

A) What is your opinion of Continuous Subcutaneous Insulin Infusion or
Insulin Pump therapy for the self-management of Type 1 Diabetes?
B) What is your opinion of the Continuous Glucose Monitor (CGM) for the

self-management of Type 1 Diabetes?

Question 2
A) How do you use the data gathered from the Continuous Subcutaneous
Insulin Infusion device?
B) How do you use the data gathered from the Continuous Glucose
Monitoring device?

Question 3
In your opinion how does technology impact the day to day lifestyle choices of
an adult with type 1 diabetes?

Question 4
In your experience, how open are adults with Type 1 Diabetes to trying new

technologies for self-managing their iliness?

Question 5
The closed loop system, also known as the Artificial Pancreas technology
integrates the CGM, an algorithm for individual insulin requirements and an

insulin pump to deliver the required insulin dosage automatically to the patient.

How do you think the introduction of this device in Ireland could impact adults

living with Type 1 Diabetes?
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Appendix 2: Ethical Approval Documentation
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1. Participant Information Sheet

TRINITY COLLEGE DUBLIN
INFORMATION SHEET FOR PROSPECTIVE PARTICIPANTS
| would like to invite you to take part in a research study. Before you decide you need
to understand why the research is being done and what it would involve for you. Please
take time to read the following information carefully. Ask questions if anything you read
is not clear or if you would like more information. Take time to decide whether or not to

take part.

Background

The number of people with diabetes is rapidly increasing worldwide. Type 1 diabetes in
particular is primarily dependent on and managed through technology, whether this is
through the device that reads blood glucose levels or the insulin pump that administers
insulin when instructed. Technology is expanding rapidly in this space. The purpose of
this research is to explore the current and future technologies available to Type 1
diabetics in Ireland and to determine how they impact the self-management of the
disease for adults. This research is topical as the number of adults with type 1 diabetes
in Ireland is increasing year on year. The treatment and maintenance of both type 1 and
type 2 diabetes is dependent on information technology. Innovation in the devices and
tools for diabetes self-care and management has the potential to greatly impact the daily

life of an individual suffering with diabetes.

Procedures of participation

Participants were selected for interview based on their experience with Type 1 diabetes
(direct or indirectly). Participation will take place in the form of an interview where the
researcher will ask the interviewee a list of pre-determined questions. These questions
will be to prompt a qualitative interview. The participant is not obliged to answer all
questions. The key focus of this research surrounds self-management technologies for

Type 1 diabetes

In order to get the best out of the discussion the researcher intends to take notes during

the interview along with the use of an audio recorder.

Please note: No audio recordings will be made available to anyone other than the
research/research team, nor will any such recordings be replayed in any public forum

or presentation of the research.

Data Retention
Signed consent forms and original audio recordings will be retained securely at the
researcher’s home in Newbarn, Kilsallaghan, Co. Dublin where they will be stored in a

safe protected by a lock. No other party will have access to this data until after the
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degree has been conferred. A transcript of interviews in which all identifying information
has been removed will be retained for a further two years after this. Under freedom of
information legalisation you are entitled to access the information you have provided at

any time.

Conflicts of interest

This research forms part of a course requirement for completion of the Management of
Information Systems master’s programme, a post-graduate taught course offered by
Trinity College Dublin. This research is entirely self-funded and therefore to the best of
my knowledge is not exposed to any financial or other conflicts of interest. If during the
course of this research project any conflict of interest arises | will undertake to inform
the University as expeditiously as possible. By agreeing to partake in this study you also
confirm that you do not perceive there would be any scenarios that could give rise to a

conflict of interest as a result of your participation in this research.

Voluntary participation

Participation in this study is voluntary and therefore the participant has the right to
withdraw at any stage during the process. Should the individual wish to withdraw from
this study there will be no penalties and all previously given information will be omitted

from the research.

Duration of the participant’s involvement
Involvement to this research will take part in the form of an interview and is expected to

last no longer than one hour.

Anticipated risks/benefits

There are no perceived risks to the participant by partaking in this research.

The primary benefit in partaking in this research surrounds giving the participant an
avenue to discuss their experiences with technologies for self-managing Type 1

diabetes in Ireland.

Anonymity

Participants in this study reserve the right to remain anonymous during analysis,
publication and presentation of results and findings of the research. Under no
circumstances will any individual participant be identified within this study. Data from

interviews will be aggregated to provide an overall result.

Please note: non-anonymised data in the form of signed consent forms and audio

recordings are collected and retained as part of the research process.

In the extremely unlikely event that illicit activity is reported | will be obliged to report it

to appropriate authorities.
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Debrief
Thank you for taking part and providing your input for this study on the impacts of

technologies for self-management of type 1 diabetes in Ireland.

This research will be published for the purpose of submitting for my dissertation which
forms part of the Management of Information Systems master’s degree 2016/17 at
Trinity College Dublin. It may be additionally be used for peer-reviewed publication

arising from the research.

Participants are invited to request a copy of the completed research.
If you have any queries regarding any part of the study following the interview please
do not hesitate to contact me directly by email or telephone:

Orla O’Carolan E: ocarolao@tcd.ie M: 0860769855

2. Participant Consent Form

TRINITY COLLEGE DUBLIN
INFORMED CONSENT FORM
Healthcare in the Digital Age: How are advances in technology impacting the
self-management of Type 1 Diabetes in Ireland?
Researcher: Orla O’Carolan

Background
The number of people with diabetes is rapidly increasing worldwide. Type 1 diabetes in
particular is primarily dependent on and managed through technology, whether this is
through the device that reads blood glucose levels or the insulin pump that administers
insulin when instructed. Technology is expanding rapidly in this space. The purpose of
this research is to explore the current and future technologies available to Type 1
diabetics in Ireland and to determine how they impact the self-management of the
disease for adults. This research is topical as the number of adults with type 1 diabetes
in Ireland is increasing year on year. The treatment and maintenance of both type 1 and
type 2 diabetes is dependent on information technology. Innovation in the devices and
tools for diabetes self-care and management has the potential to greatly impact the daily

life of an individual suffering with diabetes.

Procedures of participation
Participation will take place in the form of an interview where the researcher will ask the
interviewee a list of pre-determined questions. These questions will be to prompt a

gualitative interview. The participant is not obliged to answer all questions.
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In order to get the best out of the discussion the researcher intends to take notes during
the interview along with the use of an audio recorder.

Please note: No audio recordings will be made available to anyone other than the
research/research team, nor will any such recordings be replayed in any public forum

or presentation of the research.

Data Retention

Signed consent forms and original audio recordings will be retained securely at the
researcher’s home in Newbarn, Kilsallaghan, Co. Dublin where they will be stored in a
safe protected by a lock. No other party will have access to this data until after my
degree has been conferred. A transcript of interviews in which all identifying information
has been removed will be retained for a further two years after this. Under freedom of
information legalisation you are entitled to access the information you have provided at

any time.

Conflicts of interest

This research forms part of a course requirement for completion of the Management of
Information Systems master’s programme, a post-graduate taught course offered by
Trinity College Dublin. This research is entirely self-funded and therefore to the best of
my knowledge is not exposed to any financial or other conflicts of interest. If during the
course of this research project any conflict of interest arises | will undertake to inform
the University as expeditiously as possible. By agreeing to partake in this study you also
confirm that you do not perceive there would be any scenarios that could give rise to a
conflict of interest as a result of your participation in this research.

Voluntary participation

Participation in this study is voluntary and therefore the participant has the right to
withdraw at any stage during the process. Should the individual wish to withdraw from
this study there will be no penalties and all previously given information will be omitted

from the research.

Duration of the participant’s involvement
Involvement to this research will take part in the form of an interview and is expected to

last no longer than one hour.

Anticipated risks/benefits

There are no perceived risks to the participant by partaking in this research.

The primary benefit in partaking in this research surrounds giving the participant an
avenue to discuss their experiences with technologies for self-managing Type 1

diabetes in Ireland.
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Anonymity

Participants in this study reserve the right to remain anonymous during analysis,
publication and presentation of results and findings of the research. Under no
circumstances will any individual participant be identified within this study. Data from
interviews will be aggregated to provide an overall result.

Please note: non-anonymised data in the form of signed consent forms and audio
recordings are collected and retained as part of the research process.

In the extremely unlikely event that illicit activity is reported | will be obliged to report it
to appropriate authorities.

Debrief

Thank you for taking part and providing your input for this study on the impacts of
technologies for self-management of type 1 diabetes in Ireland. This research will be
published for the purpose of submitting for my dissertation which forms part of the
Management of Information Systems master’s degree 2016/17 at Trinity College Dublin.
It may be additionally be used for peer-reviewed publication arising from the research.
Participants are invited to request a copy of the completed research.

If you have any queries regarding any part of the study following the interview please

do not hesitate to contact me directly by email or telephone:

Orla O’Carolan E: ocarolao@tcd.ie M: 0860769855

Declaration:

e | am 18 years or older and am competent to provide consent.

e | have read, or had read to me, a document providing information about this
research and this consent form. | have had the opportunity to ask questions and
all my questions have been answered to my satisfaction and understand the
description of the research that is being provided to me.

e | agree that my data is used for scientific purposes and | have no objection that
my data is published in scientific publications in a way that does not reveal my
identity.

e | understand that if | make illicit activities known, these will be reported to
appropriate authorities.

e | understand that | may stop electronic recordings at any time, and that | may
at any time, even subsequent to my participation have such recordings
destroyed (except in situations such as above).

e | understand that, subject to the constraints above, no recordings will be
replayed in any public forum or made available to any audience other than the
current researchers/research team.

o | freely and voluntarily agree to be part of this research study, though without

prejudice to my legal and ethical rights.
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e | understand that | may refuse to answer any question and that | may withdraw
at any time without penalty.

e | understand that my participation is fully anonymous and that no personal
details about me will be recorded.

e | have received a copy of this agreement.

Participant’s Name (BLOCK CAPITALS):

Participant’s Signature: Date:

Statement of investigator’s responsibility:

| have explained the nature and purpose of this research study, the procedures to be
undertaken and any risks that may be involved. | have offered to answer any questions
and fully answered such questions. | believe that the participant understands my

explanation and has freely given informed consent.

Researchers Contact Details:
Name: Orla O’Carolan

Email: ocarolao@tcd.ie
Mobile: 0860769855

Investigator’s Signature: Date:
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Appendix 3: Sample Interview Transcript

Interviewer: What is your opinion of the Continuous Glucose Monitor (CGM) for the
self-management of T1D Diabetes (T1D)?

Interviewee: | think that CGMs are in general a really good innovation in T1D
management. Unfortunately, | think there are some misunderstandings about them out
there. | think there is an assumption that they completely replace blood glucose
monitoring and when you look at how they function optimally that is not the case as at
the moment calibration against blood glucose is still required. | think that is always a
challenge when patients come to us, asking about them, they come under the
assumption that they replace blood glucose monitoring and are then disappointed that
they then don’t. But, aside from that, | think that they give really good information outside
of those standard times when people need to do a finger-prick. | think they have a great
utility, the ones that can maybe be linked up to pumps in particular for hypo
management. | think the evidence isn’t great yet, but they are particularly helpful for
people with hyperglycaemia. So, whether in time there will be evidence that they
improve that. | guess then, we will be in a better position to say they are useful for most
people. | think that there is still a bit of confusion out there of the differences between
continuous glucose monitoring and flash glucose monitoring. Again, | am not sure that
companies who produce these things are doing much to make that clear to people.
There is definitely a sales pitch around it. There is very little evidence around flash in
terms of it improving HbAlc outcomes or helping with hypos. So as a result certainly, in
our practice here, we really try to make that distinction, so that the person understands

the pros and cons of each, particularly if they are going to self-fund.

Interviewer: The devices are can be considered to be quite expensive.

Interviewee: They are very expensive, yes. So, if they are going to spend money on
this, do they have a really good understanding of what one offers versus the other? At
the moment though, | suppose the big advantage of continuous glucose over flash
monitoring is alerts typically with the systems we have available. Somebody who is
going to spend money on some kind of glucose monitoring in order to be alerted of their
blood glucose because the flash system is not very useful right now. So, we would
encourage them to go down the route of CGM if that is what they want to get out of it. |
guess, as with everything in diabetes management, | think, from our point of view, it is
about having good conversations about what they want out of the technology. If we
understand that, | think we are in a better position to say “well this can offer you that,
whereas that won't”. Like we would do with medications or different types of insulins,
explore the other options. So, | think, yeah, pros and cons. But in general, they are good
products. | think there is a lot of potential down the line as they become more accurate.

Assuming the intention of the companies is that they will replace glucose monitoring
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and | am sure that will come in time. They might be more accurate or imbedded or

whatever way they get around that to calibrate.

Interviewer: | guess there is a bit of a gap in knowledge and understanding, that there

isn’t that much of an understanding that is doesn’t completely replace the glucose meter.

Interviewee: Yes. It doesn’t completely replace that part. It's just giving information. |
suppose, the huge part of diabetes management is people making decisions about what
to do. That hasn’t been fully replaced by technology either. So, whether you are getting
the information from a CGM or a finger stick, that part of the person needing to know
what to do with the information is still there. And again, | think that when people hear
about it first, they think that the technology will do that part of it and it doesn’t. It just

provides information.

Interviewer: The insulin pump has been around for quite a while now. But in terms of
self-management using a pump, how do you think that has an impact for T1D. What is

your opinion of the insulin pump for diabetes management?

Interviewee: | am pro insulin pumps. | think there is good evidence that they can
improve glycaemic control in adults with T1D. | think it's about 0.5% HbA1c if you look
at it on average, but if you look inside those studies, some people get really dramatic
improvements in glycaemic control. So, | think that if | was weighing up the two
technologies, there is stronger evidence around insulin pumps for improving glycaemic
control than CGMs as a standalone. | think that we should be and | certainly would be
pro the insertion of pumps as a technology rather than CGM on its own. They replicate,
as close as we can at the moment, to what a pancreas is doing. You have lots of features
that give people better flexibility. | think temporary basal rates on pumps are amazing.
And that’s the big thing that people with pens often struggle with is again if their day
becomes different to what they thought it would be where they are suddenly busier or
less busy. With pens, you need to have made that decision that mornings to be able
manage things well. Pumps allow you to make better real-time decisions about turning
up or down insulin. So, | think they definitely give better flexibility. If | was to presume
from a dietician’s perspective, we talk to people on pens about this absorption curve
with food. We will say most foods are absorbed and get in within that 3 hour nice curve
that you will get from a bolus with a pen but in reality, lots of foods take longer than that.
They cause a peak or they go on for longer than that. Some of them can cause a bigger
spike. | think it definitely gives us more flexibility to manage the types of bolus people
can use to try and match their food a bit better. And in reality, most or lots of people
don’t just eat these lovely 50g carbs meals that we assume. It works really well with
pens and | think that if lifestyle is erratic that the pump gives more options for flexibility.
| suppose the biggest cons are then with the theoretical decay that you see in practice

very rarely. We tend to find that if people are testing their blood glucose, they are not
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running into as many problems because they know if they are not getting their insulin.
So here in my centre we have a pathway to pumps. The first step is always a structured
education programme. We have a course called DAFNE here. There are a couple of
options but here in this centre, that is what we offer. That teaches people how to make
decisions around insulin dosing and carb counting. Whether you are going to use a
pump or a pen, you need those skills. We always say do the course first and at least
that bit is box ticked. Then moving on to a pump, our next step would be getting people
to use a bolus advisor metre. It is a technology that functions as a glucose meter. But it
has the algorithms that you would get with a pump programmed into it. So it is effectively
similar to the technology you would get in the pump in relation to pre-programming your
insulin ratios. We get people to use that: A) because it has some effect on glycaemic
control and B) because it gives people an idea what it would be like with a pump. So,
every time | need to eat, | need to test, put in my carbs and then get that information
back from the metre. We feel that gives people an opportunity to test out the technology.
Not wearing the technology but performing that self-monitoring bit. The next step is we
get people to come in and look at pump options because there are options out there.
There is also a UK website we recommend for pump users. We would ask people to
look on there. It is a forum to look at real life experiences of using a pump. If people
want to talk to users, we get them to talk to them. It is quite a structured process.
Hopefully if people decide that they want to come onto a pump that they have really
thought and examined it. We feel that has worked well. We have about 80 people on
pumps and we have only ever had 3 people come back off a pump. We think that is
because we really encourage people to think about it and not go out on a whim to go on
a pump. They go through this process where they decide if it is the right thing for them.
| think that the way that you introduce the idea of pump therapy and the journey that

people go on before starting on a pump is important for getting the best out of it.

Interviewer: There is this idea that technology solves everything, but really you are

going to be connected to this device 24/7

Interviewee: And it is really hard work. It is hard work living with T1D. | don’t think to be
fair that people come in thinking that this will make everything better but | would say if
you ask someone who is on pump, is it any less work than when you are on pens, they
would probably say no. You still have to engage in all those self-managing behaviours,
testing, changing the insulin, making decisions about insulin, rechecking to see if that
works and patterns. None of those things are different in the bigger picture on a pump
than it would be on pens. | think that most people that go on pumps or at least in my
opinion, they don’t want to come back off of it because of the flexibility it allows. It is not
that it takes the work out of T1D. That would be amazing that we could get to that point,

but it seems to make it easier for people to fit into your normal day.

84



The Impact of Technology on the Management of Type 1 Diabetes for Adults in
Ireland 85

Interviewer: | think you kind of mentioned it early. The data that is created or that is
stored in these devices, starting with CGM first. That data is gathered over time or shows
trends over time. Do you use that information from these devices and do you find it

beneficial?

Interviewee: | guess what we will do with people using a flash glucose monitor, we do
have software that people can come in and download the information about their flash.
Or people can download it onto their own software and then send it as a PDF if they
want an opinion on it. The challenge there is that, really, we should be only making
decisions on blood glucose from finger-pricks. So really you get a lot of information back
from the flash glucose monitor that you cannot use unfortunately. People can get really
annoyed with this then. They might think “Oh you know, you are saying that | should be
using the information”. So we use this then more so for trends as opposed to decisions.
With CGM, we probably have less experience probably than a diabetes nurse working
with that data. We try to use the integrated software. | don’t have any experience of
anyone using the CGM as a standalone independent of the pump. So in any of our
pump users who also use a CGM, we would try to use the software that integrates both
data sets. Just looking at blood glucose levels on its own isn’t particularly helpful. You
would need to know the carbs and you would need to know the insulin. Sometimes you
would need to know what the carbs were if you were looking at absorption or you are
looking at meals that are trailing on. Someone could say that it was 100g or carbs but
that was an Indian takeaway you would expect it to take 6 hours to absorb, where as if
it was 100g of spaghetti Bolognese it would probably be quicker absorption. You
definitely need all the information you can get and sometimes additional information. |
think that is the way we try to use the data. We try and get integrated as much as
possible and then try to encourage a supplemented food diary. If they wanted to sitin a
session and look at patterns, that would be in my experience best. Just to keep a food
diary for a few days and then bring in their pump and their meter or CGM. We would do
a download of it all and try to piece it all together. | think bits of information are unhelpful
and that is sometimes what you get from the CGMs or even from the pumps. You get
this huge amount of data but not always meaningful data. You can’t really use it to make
decisions. You might be sitting down with someone and they might have done a
download of the pump or CGM and they see a hypo. That might have also happened 3
days in a row. We might try to understand what went on there. But you don’t really know
did they estimate the carbs right, was it an unusual food or were they particularly active
that day. If you don’t have all the data, you can’t interpret it. That is a challenge with
CGM is that there is work to still do there. Finding better ways to integrate the glucose

data with behavioural data and whether it is food or exercise.

Interviewer: There is an application called Diasend which integrates data, have you

ever used that?
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Interviewee: We don’t but we should. Diasend is an online tool. There is also some
kind of unit that you can get, that you can physically upload data. We are keen to start
using it here but we don’t have it at the moment. For us a challenge as a diabetes
educator is all the different pumps and CGMs. They all have their own software. It is
very confusing. We had 2 people in this morning and they were both on different pumps.
We open the first software and you have to re-orientate yourself to how you get the
insulin and card data in. Then moving over to the other device and the software is
completely different. We are hoping with Diasend, the data is no different regardless of

which device you are using. At least we would have a way of getting all the data in.

Interviewer: So this would streamline it all?

Interviewee: Yes. We have a challenge here in this hospital since we do not have Wi-
Fi and there is not great IT support. | think that is probably in any HSE clinic. Lots of
things are firewalled; you have to get IT in to install software to resolve all those kinds
of problems. At the moment we have a laptop that is independent of the HSE network
and we store all the data on that but we could do that better with more IT support. It is
something we are actively looking into. We would love to actually, in other hospitals,
people will come into clinic and upload their pump in clinic and get print outs. We don’t
have that facility at the moment here either. The best that we can do, is allow patients
to upload to that laptop while they are in with us. So | think that there is a lot of potential
and a lack of infrastructure within the HSE, especially IT support, makes it difficult. There
are people probably doing things in a more efficient way. So we will often do, if they
really want to drill down into some data with us, to do an upload at home on their own
software and bring some printouts then to clinic. That is the most fail-safe way of doing

it at the moment.

Interviewer: As you mentioned, the information overload as well can be quite daunting.
| know you mentioned before around the CGM technology, that it can be good, but then
there is the guy who constantly use it to track and that can lead to other things. There

are pros and cons. When you switch off as a patient too.

Interviewee: We had a lady in this morning, she was testing an hour after she would
eat and was reacting. Even though she knows that the insulin she has taken hasn’t
finished its work and that it's not probably a good or safe idea to correct again an hour
later, she needs to let the insulin do its job. She was describing to us how difficult it is
to sit there and know that she is high. Whereas before she was able to scan, she would
not know and sit it out. Sometimes when you have the information, it's tough to sit back
and not react to it. So we would consider that as part of the training for CGM, to train
people to let the insulin do its work. | also think that is an interesting one from a research
perspective, | have noticed and it is anecdotal, that it is creating a lot of anxiety around

postprandial hyperglycaemia in T1D and there is no evidence that postprandial
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hyperglycaemia outside of pregnancy in T1D is problematic. It is actually pre-prandial
glucose levels that drive A1C and A1C is what drives risk. All the data would suggest
that we do not need to be getting worried about pre-prandial in T1D. CGMs had really
highlighted it to people and they will come into you talking about how they should not
be having these spikes. Postprandial spikes are completely normal with the insulins we
have. That is the limitations of where we are. We know that they don’t do harm once the
pre-prandial are on target. It has definitely driven that conversation far more often

obviously and maybe not always in a helpful way.

Interviewer: This leads onto my next question, in terms of the likes of the CGM and the
impact on the day to day lifestyle choices of an adult with T1D diabetes. How does that
in your opinion, impact the idea of the “diabetic burnout” and the fatigue that people

suffer from?

Interviewee: | think that once again it’s that information overload and not being able to
switch off from your diabetes. That's always a balance. We have individuals who never
test their blood glucose. That’s not a good thing either. Then, typically people who want
a CGM are people that are interested in what their blood glucose levels are anyway.
They are testing quite a lot. It adds more to that. It definitely fuels anxiety on the
information overload side of things. We have had a couple of people who have for very
complex reasons they just find it very difficult to engage with diabetes. They hate testing,
don’t test, won’t test and cannot bargain with themselves to. For some of those people
wearing a CGM and being able to check in from time to time is helpful. In my experience,
once again this is very anecdotal, for those people (we probably have about 5 or 6
people) who we recommend to go onto a CGM just because they were not testing. It is
probably the opposite of what you are talking about but we will ask them to try it out and
see. We find that people, for the first couple of months, really engage with the
information and then it would peter out again. It was really just trying to treat a symptom
but not a cause. So if a person is really struggling with managing their diabetes or testing
or knowing when to take an action, | am not sure that CGM makes that better. Shorter
term maybe but not in the longer term. Engaging with them from a psychology point of
view and finding out whatever is going on with that person has surprised us. We maybe
naively thought that maybe if people just had the information to do something. We
thought that maybe them not having the information is part of them not doing anything
with it. We definitely have people now using CGMs and not necessarily acting on it. We
park it after a while. Some people | don'’t think it impacts on self-management and then
the other side of the spectrum has other people over using the data and getting
overwhelmed. There are probably loads of people in the middle who use it appropriately.
| don’t think we have the experience yet. In some ways | think that our opinion is
potentially biased because we are chasing down people who are not testing or have
poor glycaemic control to use the device. Then people who are coming back to us often

are the people who are worried. There are people who are in the middle then who we
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might not engage with them as much or see as much of them. | guess that will come out
in the wash in the next ten years as it becomes more of the norm and we see more

people who are using CGM.

Interviewer: Looking at the other piece of technology, the insulin pump. How do you

think that has an impact on the day-to-day?

Interviewee: So, on their day-to-day management?

Interviewer: Yes and the lifestyle choices they make daily.

Interviewee: | think by and large it has a positive impact. | think, in my experience, more
positive than a CGM as a standalone around flexibility in particular. It allows people to
think about their insulin in a way that’s more like how their pancreas would be behaving.
And from my point of view that’'s what | want people to do. It’s not about restricting or
beating themselves up all the time and not getting the right result. It's about accepting
that my pancreas doesn'’t really work. That sucks. | can never replicate fully what my
pancreas used to do. But to manage my condition as well as | can, | have to try to do
that with the tools that are available to me and for a lot of people, a pump is the best
tool practically. So it allows them to switch up and down their insulin, it allows them to
manipulate their insulin in a very flexible way so that they can make the lifestyle choices
they want. They can be active, they can be inactive, they can eat once a day and they
can eat 16 times a day. It allows that flexibility. As we stand, at the point you are
diagnosed, they will still go on to pens as a first line and still for a lot of people, wearing
a pump puts them off. That’s still outweighs the potential benefits of lifestyle flexibility.
What | think is going to be really interesting is the under 5’s policy in Ireland now. All
under 5’s diagnosed with T1D automatically go onto a pump. We are going to have a
whole generation of people who have never not known pumps. | think that is going to
be interesting in relation to how people use their pumps. That flexibility has always been
there. Does it just become the norm? Maybe being flexible with your decision making,

won’t become part of the decision making anymore.

Interviewer: That's an interesting point actually.

Interviewee: Yes, because you can sell the flexibility to people actually. Because
people want flexibility and when you explain to them they really like the idea of being
able to replicate their insulin more quickly and to be more flexible but it's the wearing
that really puts people off. So if they have never been given the choice in that, I think it
will be interesting. Do those kids stay on pumps all the way through? Because obviously
they will have the option of coming off when they come into adolescence or adulthood.

They will be making their own choices about it. It will be interesting to see if people stay
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on them or come off them. Is the wearing of them as big of a deal as we think it is

because in my experience that is the biggest deterrent for people?

Interviewer: That they are attached to it?

Interviewee: Because they are attached to it, wearing it. It makes your diabetes much
more public and you can see it. You have to think of ways to hide it if you don’t want it
to be seen. You have to think about it in your job, if you have an active job. Where do |

put it so it's not falling off or getting caught in things? That’s the deterrents | suppose.

Interviewer: | suppose that's the different aspects to managing diabetes. From an
individual’s perspective, there are the technologies but there is psychological aspect
too. And in the day-to-day, the technology is not going to cure or get rid of the negative
perceptions that you have in your head that you are carrying around the device whereas

the person sat beside you in work isn’t.

Interviewee: Yes. And lots of people are really private about their diabetes and don't
tell their work colleagues or friends. With pens, you can hide it to a greater degree than
a pump. A pump is definitely much more in your face. You could probably argue then,
that things like the CGM are the opposite because that is about discreet checking. There
is that contrast there which | had not thought about until now.

Interviewer: Because they vary.

Interviewee: Yes.
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Appendix 4: Technology

Below is an example on a Medtronic insulin pump which links to the CGM Mini
Link Transmitter to display interstitial glucose levels. The information can then
be uploaded with to the Care Link portal for analysis. The wireless blood glucose
monitor is used to calibrate the device by providing readings of blood glucose
when tested by the individual (Medtronic, 2017).
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Figure 4 Medtronic Sensor Augmented Therapy

90



