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Abstract

Background

Many people with type 2 diabetes (T2DM) require insulin therapy to manage
glucose levels and reduce the risk of diabetes complications. However, a
significant proportion of patients with T2DM receiving insulin therapy do not
achieve adequate control over their glucose levels, which increases their risk of
complications. It is important, therefore, to increase our understanding of factors
that may influence insulin use in the T2DM population to improve the insulin
support provided to patients. As most insulin care for T2DM is now provided in
primary care by Practice Nurses (PNs) and General Practitioners (GPs), it is
important to consider these factors in that context. Therefore, this study set out
to provide an integrated analysis of the perspectives of both patients and primary
care healthcare professionals (PC HCPs) based on their experiences of current

insulin care provision.

Methods

A mixed-methods approach was used to examine perspectives of insulin-treated
T2DM patients and HCPs recruited from a range of general practices in terms of
size and diabetes expertise within the practice teams. The research incorporated:
a cross-sectional postal survey of insulin-using patients with T2DM, with
supplemental structured telephone interviews; and in-depth semi-structured face-
to-face qualitative interviews with patients and PC HCPs (PNs and GPs). The
survey and structured interview data were analysed statistically in SPSS v22 to
provide: descriptive data detailing the patient characteristics associated with
different levels of glycaemic control (glycated haemoglobin; HbAlc); and
bivariate analyses and logistic regression to model the associations between
patient-level factors and glycaemic control. The qualitative interview data were
analysed thematically using the interpretive phenomenological approach.

Findings

Of those invited, 50% (n = 201) of eligible patients, mean age 70 years (range
37-90), completed the primary survey, of which 62% (n = 124) participated in the
supplemental structured telephone interviews. The mean HbAlc of the survey

participants was 64 mmol/mol (SD = 16.9, range 37-168), and duration of T2DM
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and of insulin was 17 years (SD = 7.58) and eight years (SD = 6.15) respectively.
The participants were grouped by HbA1c as follows: optimal control (HbA1c <59
n =95, 47%); moderate control (HbAlc >59 to <69, n = 50, 25%); and suboptimal
control (HbAlc >69, n = 56, 28%). A regression analysis using a dichotomised
HbA1c (59 mmol/mol = 1 and >59 mmol/mol = 0) indicated that depression
scores (Patient Health Questionnaire-9; PHQ-9) (p = .03) and diabetes duration
(p = .04) were negatively and positively associated with glycaemic control,
respectively. The interview data indicated that the following factors were
important in moderating insulin use and its impact on glucose control: patient
understanding of insulin and associated self-management behaviours; patient
motivation; the expertise and support of the HCPs; and the type/level of insulin

support provided by the primary care team.

Conclusions

The study findings have revealed the factors that mediate the impact of insulin on
glycaemic control are multifactorial, residing at the patient, health professional
and system level. The study also highlights the importance of individualising the
insulin management plan in respect of insulin choice, glucose targets and most
importantly the patient's preference and capacity to self-manage. This has
highlighted areas where future developments are required to improve the
provision of insulin support in primary care and these include enhanced
educational support for both patients and professionals, with an emphasis on

patient-centred integrated care models.
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1. INTRODUCTION

1.1 Background

The number of patients with type 2 diabetes (T2DM) requiring insulin therapy is
increasing. This increase relates both to the overall rise in the prevalence of
T2DM and to the need to achieve optimal glycaemic control in these patients to
prevent complications (Evans et al. 2010, Holman et al. 2008). Most patients with
T2DM will require insulin six to nine years following diagnosis, with a mean eight
years to initiation of insulin after the start of their last oral hypoglycaemic agent
(OHA) in people taking two or more OHAs (Khunti et al. 2013a). Basu et al. (2019)
estimate that the insulin required to treat T2DM is expected to increase by more
than 20% from 2018-2030, even with consideration of higher glycated
haemoglobin (HbAlc) targets for older people and access to newer OHAs and
glucagon-like peptide-1 receptor agonists (GLP-1 RAs). Hence, the demand for
insulin therapy will continue to rise over the coming decades. Insulin is currently
the most potent glucose-lowering medicine and can lower glucose in a dose-
dependent manner, although this is limited by the risk of hypoglycaemia and, in
T2DM, is moderated by the level of insulin resistance (Davies et al. 2018).
Therefore, insulin is an important therapy to improve glycaemic control in this
population and has the potential to help reduce costly diabetes complications.
However, despite evidence of its effectiveness, many patients with insulin-treated
T2DM still have suboptimal glycaemic control and increased risk of complications
(Harris et al. 2010, Khunti et al. 2016, Tong et al. 2015). After more than three
years of insulin therapy, 20% (n = 76) of T2DM individuals in a study by Harris et
al. (2010) still had suboptimal control with HbAlc >9% (75 mmol/mol) with
prevalence of comorbidities and complications rising from 74% to 94% during the

study period (median duration 3.9 years).

The reason for suboptimal glycaemic control in people with T2DM may be related
to some of the complexities of effective management for both patients and
healthcare providers. Insulin therapy demands significant changes in patient self-
management, including more rigorous glucose monitoring and diligence in insulin
timing, dietary management and insulin administration (Davies et al. 2013). To

support patients on insulin, healthcare professionals (HCPs) need to provide
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education to help them titrate and adjust their insulin and to avoid side effects

such as hypoglycaemia and weight gain (Khunti et al. 2013b, NICE 2015).

While insulin initiation and management in T2DM were traditionally undertaken
by hospital-based specialist diabetes teams, they are now largely delivered in
primary care. In many parts of the UK, insulin initiation and intensification are
conducted by Practice Nurses (PNs) and General Practitioners (GPs) (Chadder
2013, Dale et al. 2010). The advantages of this shift are that care is moved nearer
to the patient to ensure they use the therapy optimally and there is more frequent
contact than is feasible in specialist settings. While some practices have
developed special provision for such insulin initiation clinics (Burden & Burden
2007, Ellis et al. 2011) to deal with the increased clinical needs of patients treated
with insulin, there is consistent evidence to show that insulin may not be used to
optimal effect in primary care. Indeed, many patients receiving insulin often have
inferior glycaemic control to those on OHAs (Hermanns et al. 2012). While this
may be in part attributable to disease progression, with those requiring insulin
generally having longer disease duration, it has also been linked with treatment
inertia, characterised by delays in starting insulin and inadequate titration or
application of the therapy (Dale et al. 2010, Harris et al. 2010, Khunti et al. 2016).

1.1.1 Optimal Glycaemic Control

To prevent diabetes complications, it is important to optimise blood glucose
control to achieve normal or near-normal glycaemia. However, definitions of
optimal glucose control vary from country to country and, over recent years, this
has become more individualised in view of studies showing that too stringent
control can increase risks (ACCORD Study Group 2008, ADVANCE
Collaborative Group 2008, Huang et al. 2014). This has led to higher blood
glucose levels for certain groups, such as frail older people with longer diabetes
duration, and lower levels for the younger, fitter people with shorter diabetes
duration (Davies et al. 2018, Forbes et al. 2017, Gadsby et al. 2017). Hence,
guidance includes advice to adopt an individualised approach (Davies et al. 2018,
IDF 2013, NICE 2015) and these factors have also been considered in this
research. The optimal glycaemic target recommended by the UK Quality and

Outcomes Framework (QOF) at the time of study was HbA1c <59 mmol/mol
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(BMA & NHSE 2015) and was therefore used for the purpose of this research.
However, as the study progressed, it became important to also allow for
individualised targets. Therefore, the participants were also grouped by HbAlc
as follows: optimal control (HbA1c <59 mmol/mol; moderate control (HbA1c >59

mmol/mol to <69 mmol/mol); and suboptimal control (HbA1c >69 mmol/mol).

1.1.2 Type 2 Diabetes

The prevalence of diabetes in the UK has more than doubled from 1.4 million in
1996 to around 3.8 million today (Diabetes UK 2019). In addition, one million
people have diabetes but have not yet been diagnosed and 12.3 million are at
risk of diabetes. Following current trends, it is estimated that more than five million
people will have diabetes by 2025 (PHE 2016). This increase is largely being
driven by an ageing population and increasing numbers of overweight and obese
individuals (Mass6-Gonzélez et al. 2009). T2DM accounts for around 90% of all
cases of diabetes (Jones et al. 2010). While occurring mostly in those aged over
40 years, itis increasingly seen in younger obese people and young South Asians
(Tillin et al. 2013). Moreover, Indian Asian and African Caribbean migrants to the
UK have at least twice the risk of developing diabetes compared with British
Europeans (Tillin et al. 2013).

T2DM is a chronic, progressive, long-term condition associated with insulin
resistance, increasing beta-cell dysfunction and subsequent diminishing insulin
production (Krebs & Parry-Strong 2013). It is strongly linked with obesity,
hypertension, dyslipidaemia and cardiovascular disease (CVD) (Dyson et al.
2019, Khunti et al. 2018). However, obesity, linked to excess energy intake and
increasingly sedentary lifestyles, is the most potent risk factor for T2DM
accounting for 80—-85% of overall risk (Krebs & Parry-Strong 2013). The pattern
of metabolic dysfunction observed in these patients is initially insulin resistance
followed by decreased insulin sufficiency. The insufficiency increases over time
contributing to the need for exogenous insulin therapy as beta-cell function

declines and blood glucose levels increase (Jones et al. 2010).
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1.1.3 Complications and Costs of Type 2 Diabetes

The landmark United Kingdom Prospective Diabetes Study (UKPDS) (Adler et al.
2000, Holman et al. 2008, Stratton et al. 2000, UKPDS 1998) demonstrated the
progressive nature of T2DM. The study found irreversible complications occurring
over time when blood glucose levels were raised, and that complications were
reduced when blood glucose levels decreased. The complications of T2DM are
manifest in most bodily systems and approximately divided into micro and
macrovascular complications, although the two are often interrelated as they are
primarily driven by hyperglycaemia, dyslipidaemia and hypertension (Gaede et al.
2016, Khunti et al. 2018, Paul et al. 2015, UKPDS 1998). Common complications
include: CVD; stroke; renal disease; eye disease; and peripheral vascular

disease. These complications are costly both in economic and human terms.

Because T2DM develops insidiously with gradually increasing glucose levels,
people often have no immediate symptoms, which presents a challenge to its
identification and management (Winkley et al. 2013). Therefore, it can be present
several years before diagnosis with many having complications at presentation
(Stratton et al. 2000). However, with more active screening and earlier detection
of diabetes, the level of complications observed at diagnosis has declined. A
recent cohort study of an urban multi-ethnic population suggests a lower than
expected prevalence of people with complications at diagnosis (Winkley et al.
2013): again, this is likely to be explained by more intense screening for people
with impaired glucose regulation. Evidence from the UKPDS demonstrated how
more intensive glucose control reduced the risk of complications and mortality.
National UK HbAlc targets are based on such studies, with the initial goal being
HbA1lc <48 mmol/mol and level for further intensification including insulin therapy
set at 258 mmol/mol (NICE 2015).

It is estimated that 10% of the annual spend of the National Health Service (NHS)
budget is on diabetes-related treatment (Hex et al. 2012). Costs are predicted to
rise further as prevalence increases, costs of complications grow, and with newer,
more expensive medicines including analogue insulins. In the financial year
2017/2018 in England, drugs used in diabetes made up more than 11% of primary
care net ingredient costs. There were 53 million items prescribed for diabetes at
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a total cost of £1,012 million, which was up by 23 million prescription items and
£422 million since 2007/08 (NHS Digital 2018). Given the rising insulin therapy
costs, it is important to ensure that these therapies are used well to ensure that

they are offset against reduction in costlier complications.

1.1.4 Managing Type 2 Diabetes

The primary focus of clinical management in T2DM is to prevent complications,
and this requires a multifaceted approach (Gaede et al. 2016). The most common
therapeutic interventions include: lifestyle; OHAs; incretin-based injectable
therapies; and insulin therapy. Increasingly, it is recognised that multiple
therapies are required. Lifestyle intervention remains an important focus at all
stages of the disease but particularly early in the diagnosis. There is now
unequivocal evidence that T2DM can be delayed, prevented and can lead to
remission by following a well-structured diet and physical activity, generally
resulting in weight loss, although this can be a challenge to maintain (Dyson et
al. 2018, Lean et al. 2018). Weight loss was shown to be the cornerstone for
remission by Lean et al. (2018) for almost 50% of participants at 12 months with
a very low-calorie formula diet (823-853 kcal/day) for 3—5 months followed by
stepped food reintroduction over 2—8 weeks and support for long-term weight
loss. Bariatric surgery is increasingly used in severely obese patients and can
lead to remission in T2DM in up to 80% of patients (Knop & Taylor 2013). In
addition to glucose-lowering management, T2DM also requires enhanced lipid
and blood pressure management as these contribute significantly to

cardiovascular, eye and kidney complications (Gaede et al. 2016).

While the focus of this study will be on insulin, it is important to recognise there
are other important treatment pathways. It is also important to acknowledge the
contribution of self-management support and patient education for T2DM.
Offering patients structured education at or around diagnosis, with annual
reinforcement is recommended as a key priority by the National Institute for
Health and Care Excellence (NICE 2015). This has been shown to offer benefits
in terms of physical activity, weight reduction, improvements in HbAlc, and
treatment satisfaction in people newly diagnosed and those with established
diabetes (Davies et al. 2008, Deakin et al. 2006, He et al. 2017). A meta-analysis
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by He et al. (2017) suggests self-management education can also reduce all-
cause mortality risk. Structured education has glucose-lowering benefits and can
improve confidence in self-management in people with insulin-treated T2DM
(Hermanns et al. 2017, Houghton & Kay 2016).

NICE (2015) guidance advises that, if the initial HbAlc target of 48 mmol/mol (or
individualised target) has not been reached at 3—6 months following diagnosis,
then Metformin is the OHA of first choice. Metformin enhances endogenous
insulin sensitivity by increasing peripheral utilisation of glucose and decreasing
gluconeogenesis (Rena et al. 2013). Achieving glucose control early in the
diagnosis is important. Paul et al. (2015) found that a one-year delay in treatment
intensification among newly diagnosed T2DM patients was associated with a
significantly increased risk of cardiovascular events. Similarly, Holman et al.
(2008) reported the beneficial legacy effects of glucose lowering early in the
diagnosis, in terms of preventing overall complications and reducing risk of death
from any cause. Treatment with metformin can be intensified if HbAlc of 58
mmol/mol is not reached by adding additional OHAs to boost endogenous insulin,
further enhance insulin sensitivity, or increase urinary glucose excretion and aid
weight reduction. The injectable GLP-1 RAs can also reduce blood glucose and
assist with weight loss (Drucker 2005, Geiger et al. 2012). However, owing to the
progressive nature of diabetes with increasing beta-cell dysfunction leading to
higher blood glucose levels, insulin therapy is generally required to achieve

control. The next section presents a brief overview of insulin therapy in T2DM.

1.2 Insulin

Insulin is the oldest of the currently available blood glucose-lowering medicines
and, therefore, the treatment with which we have the most clinical experience
(Best & Scott 1923, Herring & Russell-Jones 2018). It is the most potent glucose-
lowering medicine in T2DM; it can reduce HbAlc near or close to therapeutic
targets; and there is no maximum dose beyond which a therapeutic effect will not
occur, although risk of hypoglycaemia must always be considered if the therapy
is to be used safely (Davies et al. 2018, Nathan et al., 2009).

19



However, despite the therapeutic benefits of insulin, the commitment required to
self-administer insulin and monitor blood glucose levels, in addition to the
associated time and inconvenience involved, should not be underestimated
(Davies et al. 2013). Moreover, people can experience side effects such as
hypoglycaemia, pain, skin reactions, and weight gain (Barendse et al. 2012,
Fisher et al. 2018, Fu et al. 2009, Haastrup et al. 2018, Herring & Russell-Jones
2018), which can impact negatively on treatment adherence and can increase the
risk of mortality. These hazards have led to advances both in insulin delivery
systems and in patient support.

Since insulin was first discovered in 1921, advances in development have led to
the introduction of practical regimens and delivery systems, to improve usability
and reduce side effects (Bretzel et al. 2008, Heise et al. 2000, Lipska et al. 2018).
These developments include more sophisticated insulin regimens aimed at
improving glycaemic control while helping to reduce risk of hypoglycaemia
(Borgoiio & Zinman 2012, Herring & Russell-Jones 2018). An in-depth

examination of insulin use in T2DM will follow in the next chapter.

In summary, the number of patients with T2DM progressing to insulin will continue
to increase as more people develop T2DM and most insulin management is
undertaken by PNs and GPs. Insulin is currently the most potent glucose-lowering
medicine and there are now practical insulin regimens and delivery systems to
improve usability. Moreover, national guidelines, linked to GP QOF targets,
include clear pathways for initiating and intensifying insulin therapy with agreed
individualised HbA1c goals. Yet, despite evidence of its effectiveness in T2DM,
many people receiving insulin have suboptimal control increasing their risks of
diabetes complications (Harris et al. 2010, Khunti et al. 2016). Therefore, the
intention of this study is to gain an understanding of the factors that may
contribute to suboptimal glycaemic control in people with insulin-treated T2DM,
and to help identify how the insulin support provided to this population can be

enhanced.
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1.3 Factors Impacting on Insulin Utilisation

To identify current knowledge and establish how the study could build on the
evidence, a scoping review of the literature was conducted in 2014 to identify
what is already known about the factors that may contribute to insulin utilisation
in primary care. These factors relate to: the individual patient, the HCP, and their

interaction with one another. A brief summary of the findings now follows.

1.3.1 Patient Factors

A number of factors were found to contribute to insulin utilisation and treatment
adherence. Adherence to treatment refers not just to the act of taking medicines
or injecting insulin but also the way it is administered including timing, frequency
and dosage (Boas et al. 2014, Helena et al. 2008). Factors include polypharmacy,
particularly in older people with multimorbidiy (Lee et al. 2006, Piette & Kerr 2006,
Wolff et al. 2002), social factors, fear of hypoglycaemia and weight gain, disliking
injections (Davies et al. 2013, Pontiroli et al. 2011), psychological factors (Brod
et al. 2009, Khunti et al. 2013b, Polinski et al. 2013) and comorbid depression
(Aikens et al. 2008, Lerman et al. 2009, Mollema et al. 2001, Woudenberg et al.
2012).

1.3.2 Healthcare Professional Factors

HCP-related factors impacting on insulin use broadly relate to clinical inertia,
described as the failure to initiate or intensify treatment when indicated (Zafar et
al. 2014), and insulin-related expertise. Clinical inertia can lead to collusion
between HCP and patient to delay starting or intensifying insulin therapy,
resulting in the continual increase in blood glucose levels (Goodall et al. 2009,
Jeavons et al. 2006, Karter et al. 2010, Khunti et al. 2013a, Polinski et al. 2013).
Clinician inexperience and knowledge of insulin types can be a barrier to progress
patients to more intensive regimens (Polinkski et al. 2013). Conversely, PNs and
GPs, with insulin-related skills will often communicate positively about the therapy
and feel confident in supporting patients to intensify their insulin (Burden &
Burden 2007, Goderis et al. 2009, Polinkski et al. 2013). However, the level of
support is not always maintained following insulin initiation, as motivation of both
HCP and patient declines (Dale et al. 2010).
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1.3.3 Healthcare Professional—-Patient Interaction

Finally, the interaction between patient and HCP can impact on the ability of
patients to use their insulin. The use of effective communication with respect to
trust and a patient-centred approach both have a positive contribution to insulin
utilisation (Janes et al. 2013, Vinter-Repalust et al. 2004).

1.3.4 Summary

In summary, the scoping review identified multiple factors contributing to insulin
utilisation and glycaemic control. However, few studies focused only on patients
with T2DM already receiving insulin and whose insulin was managed primarily in
UK general practices. Therefore, a better understanding was required using a

holistic and systematic approach.

1.4 The Case for The Study

This section presents the rationale for the study, reflecting on the issues identified

above, setting out the problem to be addressed and the study aim and objectives.

1.4.1 The Problem

Delivering effective insulin support to people with T2DM in primary care settings
can be challenging. While there are many advantages to primary care-based
insulin delivery for people with T2DM, there is often significant clinical inertia in
the initiation of insulin and inadequate insulin intensification. In consequence, as
discussed earlier, increasing numbers of individuals receiving insulin therapy
have suboptimal glucose control. This study examines both patient-centred and
healthcare delivery factors in relation to insulin use to provide an integrated
assessment of which factors impact on insulin use in primary care to inform the
development of a supportive intervention to enhance the use of insulin within this
setting. While there have been some studies addressing these factors this study
will build on tho