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Introduction

Aim of this guideline

Type 1 diabetes affects over 370,000 adults in the UK, representing approximately 10% of adults
diagnosed with diabetes. Given the complexity of its treatment regimens, successful outcomes
depend, perhaps more than with any other long-term condition, on full engagement of the adult
with type 1 diabetes in life-long day-by-day self-management. In order to support this, the health
service needs to provide informed, expert support, education and training as well as a range of other
more conventional biomedical services and interventions.

The number of adults with type 1 diabetes means that, while the condition is certainly not rare, it is
not common enough to provide and maintain all the necessary skills in its management for all
healthcare professionals who will deal with it. The aim of this guideline is, therefore, to provide
evidence-based, practical advice on the steps necessary to support adults with type 1 diabetes to live
full, largely unrestricted, lives and avoid the acute and long-term complications of both the disease
and of its treatment. NICE last produced such a guideline in 2004. The present guideline is an update
of many sections of that guideline, focusing on areas where new knowledge and new treatment
opportunities have arisen in the last decade. There have been many such developments, resulting in
improving outcomes for adults with type 1 diabetes, but also presenting more challenges in the
diversity and complexity of the tools they now have to achieve these outcomes.

Background

Type 1 diabetes is a long-term hormonal deficiency disorder, in which there is loss of insulin
secretion. This results in high plasma glucose concentrations and other metabolic and haematological
abnormalities, which have both acute and long-term adverse effects. Type 1 diabetes is usually
caused by autoimmune destruction of the insulin-secreting beta cells of the pancreas. These cells
make insulin in response to need, with the main driver being circulating glucose concentrations,
influenced by a variety of other neurological and endocrine factors signalling the body’s state.

Type 1 diabetes can present at any age. Although it commonly presents in children and adolescents,
the condition persists into and can start in adult life. Prevalence of type 1 diabetes is highest in the
age ranges of 35-60 years." Treatment regimens used to manage diabetes and the demands of living
with diabetes are as complex in adults as in younger people.

The treatment of type 1 diabetes is insulin replacement and this insulin is not under endogenous
control. In the short term, people with type 1 diabetes face significant challenges to daily living, for
example, hyperglycaemia (high plasma glucose) and hypoglycaemia (low plasma glucose), the need
for daily administration of insulin and frequent self-monitoring of plasma glucose, and to plan daily
activities such as eating and exercising. Over the long term, typel diabetes carries risk of major
complications and reduced life expectancy. At present there is no cure.

Life expectancy for people with type 1 diabetes has increased. In one study from the USA, life
expectancy among people diagnosed with type 1 diabetes between 1965 and 1980 improved by

15 years compared with people diagnosed between 1950 and 1964°, and mortality rates in a UK
study are lower than previously reported.® Nevertheless, having had type 1 diabetes typically reduces
life expectancy in the UK by 11-14 years.* Risk of death is 135% higher than for people without
diabetes of the same age.® Most of the deaths are due to chronic complications, although, death in
acute hypoglycaemia or diabetic ketoacidosis may occur. Rates of diabetic ketoacidosis appear to be
increasing in the UK." There has also been an increase in the number of people with type 1 diabetes
needing treatment for end-stage kidney disease.

National Clinical Guideline Centre, 2014
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Strict plasma glucose control reduces risk of all long-term complications and increases life expectancy
among people with type 1 diabetes.® Every adult with type 1 diabetes should therefore be
encouraged and supported to achieve optimum plasma glucose control, using insulin replacement.
Effective replacement of insulin requires detailed knowledge of its actions. The insulin user needs to
acquire complex skills in insulin management.

Other risk factors for vascular complications of type 1 diabetes should also be addressed. Higher
blood pressure is associated with increased complications’ and should be aggressively managed.®®
Controlling lipids within recommended targets for other forms of diabetes is expected to reduce
excess cardiovascular risk associated with type 1 diabetes.” Early detection and effective
management of type 1 diabetes and its complications are also essential to prevent or limit disability
in people with type 1 diabetes.

Current practice: ideal and achieved

People with type 1 diabetes manage many aspects of their own care, including administering insulin
by injection or infusion, monitoring their plasma glucose concentrations, and adjusting insulin doses
accordingly on a regular basis. The aim is to maximise the time that achieved glucose concentrations
are within the target levels known to minimise risk of complications, while avoiding problems such as
hypoglycaemia or ketosis.

People with type 1 diabetes need education and support from healthcare professionals with
expertise in insulin physiology and therapeutics to manage their diabetes effectively. Hypoglycaemia
remains a problem for people using insulin and can be reduced by structured education
programmes™ yet only about 1% of adults with type 1 were recorded as having attended such
programmes in England and Wales in 2011-12."* Fewer than 30% of people with type 1 diabetes
achieve the 2004 NICE-recommended target for blood glucose control. In the last 4 audit cycles,
there has been no significant improvement in the proportion of people who meet this target.™

People with type 1 diabetes need regular monitoring for complications of diabetes and for the
factors that increase their individual risk of developing these. Where these occur, active
management is needed. However, only 41.3% of people with type 1 diabetes in England and Wales
have records of receiving all 9 of the care processes recommended by NICE."* More than 30% of
people with type 1 diabetes miss their annual eye and foot checks for early complications and almost
one-half miss screening appointments for kidney complications. Blood pressure within 2004 NICE
guidelines is recorded in nearly 75% of adults with type 1 diabetes; but just under 30% have recorded
cholesterol of under 4 mmol/litre.**

Diabetes management in hospitals and other places for professional healthcare remains suboptimal.
Insulin regimens are the most common cause of drug errors in inpatient prescribing

People with type 1 diabetes have traditionally received care primarily from specialist services.
However, 15-20% of adults with type 1 diabetes have little or no contact with secondary care
services, or are offered only infrequent appointments focussed on annual review.

A small number of people with type 1 diabetes experiencing life-threatening episodes of
hypoglycaemia undergo pancreatic transplant or islet cell transplantation. Around 200 pancreas
transplants are performed in the UK each year. Around 95 islet transplants have been performed in
65 people in the UK to date.

Target audience

This guideline is intended to describe the methods for achieving optimal outcomes for adults with
type 1 diabetes and inform service design and delivery for them. Its intended audience therefore

National Clinical Guideline Centre, 2014
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include healthcare professionals involved in delivering services to adults with type 1 diabetes, service
managers and commissioners and adults with type 1 diabetes and their families.

Living with type 1 diabetes

Type 1 diabetes is a condition where the power lies primarily with the people. Day-to-day
monitoring, control and treatment are undertaken by the patient, not by the healthcare professional
(hence RD Lawrence’s saying “Every diabetic, their own Doctor”). With power comes responsibility: it
is the patient’s behaviour and daily decisions which determine the level of success in managing the
condition. Adherence to insulin regimes, close monitoring of blood glucose, accurate estimation of
carbohydrate intake and administration of appropriate insulin doses profoundly affect both
immediate and long-term outcomes.

For patients, effective management of type 1 diabetes involves diligence, self-discipline, attention to
detail, an analytical approach and numerous decisions — every day. Developing and then using these
behaviours consistently is a considerable challenge in itself. However, type 1 diabetes can add
further levels of complexity. Patients trying to emulate as closely as possible the blood glucose
control of those without diabetes face the twin risks of hypoglycaemia on one side and
hyperglycaemia, with its associated likelihood of long-term complications, on the other. Additionally,
an individual’s diabetes rarely remains static for long periods due to the influence of hormonal
variation, activity, stress and a myriad of other factors. Patients employing carefully evolved
strategies and approaches to dietary and insulin dose management can see impeccable blood
glucose results one week, followed by apparently illogical variability the next.

For healthcare professionals, the challenge of supporting type 1 patients can be exacerbated
precisely because the condition is so individualised. Rather than uniform and universal approaches,
most patients seek a personalised package of targets, technologies and techniques that allow them
to manage their diabetes in different day-to-day situations with the minimum effort necessary for
the best results and the highest quality of life. People with type 1 diabetes prefer to fit the condition
into their lives, and not the other way round. However, patients will manage their condition more
effectively where they can rely upon informed advice and proven interventions.

This updated Guideline therefore aims, in the light of the most recent evidence, to help healthcare
professionals in all settings encourage and support optimum lifestyle choices and self-management
strategies among patients. For example, newly diagnosed patients may not be aware that there are
different types of diabetes with different treatment opportunities. No longer can a diagnosis be
presumed solely on the basis of age or weight. An accurate diagnosis by the healthcare professional
is key if the patient is to receive the relevant therapies. Rigorous control of blood glucose from the
point of diagnosis onwards will yield benefits for the rest of the patient’s life. Structured education
programmes are an important mechanism for helping the patient understand and embrace the
behavioural changes that will secure these benefits.

A century ago, a diagnosis of diabetes was a death sentence; the chances of survival for any length of
time were minimal. Today, people living with diabetes can enjoy long, healthy, active lives with a rich
variety of food choices, careers and opportunities: type 1 diabetes need be no restriction. Modern
treatment techniques and technologies make near-normal blood glucose profiles increasingly
possible; growing numbers of people who have successfully managed the condition for 50, 60 or

70 years bear witness to this. This Guideline invites patients and healthcare professionals to extend
the progress already made.

National Clinical Guideline Centre, 2014
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Development of the guideline

What is a NICE clinical guideline?

NICE clinical guidelines are recommendations for the care of individuals in specific clinical conditions
or circumstances within the NHS — from prevention and self-care through primary and secondary
care to more specialised services. We base our clinical guidelines on the best available research
evidence, with the aim of improving the quality of healthcare. We use predetermined and systematic
methods to identify and evaluate the evidence relating to specific review questions.

NICE clinical guidelines can:

e provide recommendations for the treatment and care of people by health professionals

e be used to develop standards to assess the clinical practice of individual health professionals
e be used in the education and training of health professionals

e help patients to make informed decisions

e improve communication between patient and health professional.

While guidelines assist the practice of healthcare professionals, they do not replace their knowledge
and skills.

We produce our guidelines using the following steps:
e Guideline topic is referred to NICE from the Department of Health.

e Stakeholders register an interest in the guideline and are consulted throughout the development
process.

e The scope is prepared by the National Clinical Guideline Centre (NCGC).
e The NCGC establishes a Guideline Development Group.

e A draft guideline is produced after the group assesses the available evidence and makes
recommendations.

e There is a consultation on the draft guideline.

e The final guideline is produced.

The NCGC and NICE produce a number of versions of this guideline:

e the ‘full guideline’ contains all the recommendations, plus details of the methods used and the
underpinning evidence

e the ‘NICE guideline’ lists the recommendations

e ‘information for the public’ is written using suitable language for people without specialist
medical knowledge

e NICE Pathways brings together all connected NICE guidance.

This version is the full version. The other versions can be downloaded from NICE at www.nice.org.uk.

Remit

NICE received the remit for the guideline from the Department of Health. They commissioned the
NCGC to produce the guideline.

This is a partial update of ‘Type 1 diabetes: Diagnosis and management of type 1 diabetes in children,
young people and adults’, NICE clinical guideline CG15 (2004). See section 3.4.1 for details of which

National Clinical Guideline Centre, 2014
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sections were updated. We carried out a review of all recommendations to ensure they comply with
NICE’s duties under equalities legislation.

This update was undertaken as part of the guideline cycle review.

Epidemiology

Type 1 diabetes is a long-term hormonal deficiency disorder, in which there is loss of insulin
secretion. This results in high blood glucose concentrations and other metabolic and
haematological abnormalities. It is usually caused by autoimmune destruction of the insulin-
secreting beta cells of the pancreas. In the short term, people with type 1 diabetes may face
significant challenges to daily living, for example, hyperglycaemia (high blood glucose) and
hypoglycaemia (low blood glucose), the need for daily administration of insulin and frequent self-
monitoring of blood glucose, and to plan daily activities such as eating and exercising. Over the
long term, typel diabetes is associated with major complications and reduced life expectancy.
The condition is treated with insulin replacement therapy and at present there is no cure.

Approximately 10% of adults diagnosed with diabetes have type 1 diabetes. Currently, it is
estimated that 0.34-0.55% of the population of England and Wales are known to have type 1
diabetes. Among people aged between 10 and 80 years, there is little difference in prevalence
across age groups.

Type 1 diabetes can present at any age. Although it commonly presents in children and
adolescents, the condition persists into and can start in adult life. Treatment regimens used to
manage diabetes and the demands of living with diabetes are as complex in adults as in younger
people.

Effective insulin management requires detailed knowledge of its actions.

Life expectancy for people with type 1 diabetes has increased. In one study from the USA, life
expectancy among people diagnosed with type 1 diabetes between 1965 and 1980 improved by
15 years compared with people diagnosed between 1950 and 1964. Nevertheless, having type 1
diabetes typically reduces life expectancy in the UK by 20 years. People with type 1 diabetes in
England are 2.6 times more likely to die than people without diabetes of the same age. Most of
the deaths are due to chronic complications, although death in acute hypoglycaemia or diabetic
ketoacidosis may occur.

The Diabetes Control and Complications Trial Research Group® confirmed that strict blood glucose
control reduces risk of long-term complications and is associated with increased life expectancy
among people with type 1 diabetes. Effective insulin management requires detailed knowledge of
its actions. The insulin user needs to acquire skill in insulin management. Control of blood
pressure also reduces risk of complications in people with type 1 diabetes. Controlling lipids
within recommended targets for other forms of diabetes is expected to reduce excess
cardiovascular risk associated with type 1 diabetes.

Early detection and effective management of type 1 diabetes and its complications are important
to prevent or limit disability in people with typel diabetes.

Who developed this guideline?

A multidisciplinary Guideline Development Group (GDG) comprising health professionals and
researchers as well as lay members developed this guideline (see the list of Guideline Development
Group members and the acknowledgements).

® The Diabetes Control and Complications Trial Research Group. The effect of intensive treatment of diabetes on the

development and progression of long-term complications in insulin-dependent diabetes mellitus. N Engl J Med
1993;329:977-986.
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The National Institute for Health and Care Excellence (NICE) funds the National Clinical Guideline
Centre (NCGC) and thus supported the development of this guideline. The GDG was convened by the
NCGC and chaired by Professor Stephanie Amiel in accordance with guidance from NICE.

The group met every 6 weeks during the development of the guideline. At the start of the guideline
development process all GDG members declared interests including consultancies, fee-paid work,
share-holdings, fellowships and support from the healthcare industry. At all subsequent GDG
meetings, members declared arising conflicts of interest.

Members were either required to withdraw completely or for part of the discussion if their declared
interest made it appropriate. The details of declared interests and the actions taken are shown in
Appendix B.

Staff from the NCGC provided methodological support and guidance for the development process.
The team working on the guideline included a project manager, systematic reviewers, health
economists and information scientists. They undertook systematic searches of the literature,
appraised the evidence, conducted meta-analysis and cost-effectiveness analysis where appropriate
and drafted the guideline in collaboration with the GDG.

What this guideline covers
This guideline covers adults (aged 18 and over) with type 1 diabetes.

It updates the following clinical areas from CG15:

e Diagnosis of type 1 diabetes: differentiation of type 1 diabetes from other forms of diabetes using
c-peptides and antibody testing).

e Education programmes and self-care: structured educational programmes.

e Clinical monitoring of blood glucose control: HbAlc, self-monitoring of blood glucose and
continuous glucose monitoring.

e Insulin therapy and adjunctive therapy.
e Needle length and injection site for insulin administration.
e Aspirin for primary prevention of cardiovascular disease.

e Treatment of late-stage complications (acute painful neuropathy of rapid glycaemic control,
gastroparesis and erectile dysfunction).

¢ Inpatient management in relation to insulin replacement.

Other clinical topics from CG15 were not updated; these chapters have been reproduced verbatim
from CG15.

The following areas were not covered in CG15 and have been added:

e New insulin formulations, including insulin degludec, insulin degludec-aspart combintaions and
insulin detemir.

e Impaired awareness of hypoglycaemia.
e Monitoring for thyroid disease.

e Ketone monitoring: self-monitoring for the prevention of diabetic ketoacidosis and monitoring of
diabeteic ketoacidosis.

e Carbohydrate counting and glycaemic index diets.

o Referral criteria for pancreas and islet transplantation.

National Clinical Guideline Centre, 2014
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For further details please refer to the scope in Appendix A and the review questions in Section 0.

What this guideline does not cover

This guideline does not cover:

e children and young people with type 1 diabetes (this is covered by Diabetes in children and young
people, due for publication in August 2015).

e people with type 2 or other types of diabetes (this is covered by Type 2 diabetes in adults, due for
publication in August 2015).

e preconception care in women with type 1 diabetes, contraceptive advice in women with type 1
diabetes and diabetes in pregnancy (this is covered by the Diabetes in pregnancy, due for
publication in February 2015).

e diabetic foot problems (this is covered by the Diabetic foot problems guideline, due for
publication in July 2015).

Relationships between the guideline and other NICE guidance

NICE technology appraisals to be updated by this guidance

Guidance on the use of patient education models for diabetes. NICE technology appraisal guidance
60 (2003).

Guidance on the use of long-acting insulin analogues for the treatment of diabetes — insulin glargine.
NICE technology appraisal guidance 53 (2002).

NICE technology appraisals to be incorporated in this guidance

Continuous subcutaneous insulin infusion for the treatment of diabetes mellitus. NICE technology
appraisal 151 (2008).

Related NICE technology appraisals

Fluocinolone acetonide intravitreal implant for treating chronic diabetic macular oedema after an
inadequate response to prior therapy. NICE technology appraisal TA301 (2013).

Ranibizumab for the treatment of diabetic macular oedema. NICE technology appraisal 274 (2013).

Dexamethasone intravitreal implant for the treatment of macular oedema secondary to retinal vein
occlusion. NICE technology appraisal 229 (2011).

Related NICE interventional procedures guidance

Allogeneic pancreatic islet cell transplantation for type 1 diabetes mellitus. NICE interventional
procedure guideline 257 (2008).

Gastroelectrical stimulation for gastroparesis. NICE interventional procedure guide 489 (2014).
Related NICE clinical guidelines

Chronic kidney disease (update). NICE clinical guideline (2014).

National Clinical Guideline Centre, 2014
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Lipid modification. NICE clinical guideline 181 (2014).

Neuropathic pain — pharmacological management. NICE guideline 173 (2013).
Patient experience in adult NHS services. NICE clinical guideline 138 (2012).
Lower limb peripheral arterial disease. NICE clinical guideline 147 (2012).
Hyperglycaemia in acute coronary syndromes. NICE clinical guideline 130 (2011).
Hypertension. NICE clinical guideline 127 (2011).

Depression with a chronic physical health problem. NICE clinical guideline 91 (2009).
Depression in adults. NICE clinical guideline 90 (2009).

Medicines adherence. NICE clinical guideline 76 (2009).

Coeliac disease. NICE clinical guideline 86 (2009).

Nutrition support in adults. NICE clinical guideline 32 (2006).

Obesity. NICE clinical guideline 43 (2006)

Related NICE public health guidance
Four commonly used methods to increase physical activity. NICE public health guidance 2 (2006).

Smoking cessation services. NICE public health guidance 1 (2006).

Related NICE guidance currently in development

Diabetes in pregnancy. NICE clinical guideline. Publication expected February 2015.

Diabetic foot problems (update). NICE clinical guideline. Publication expected July 2015.

Type 2 diabetes in adults (update). NICE clinical guideline. Publication expected August 2015.

Diabetes in children and young people (update). NICE clinical guideline. Publication expected August
2015.

Buccal insulin for managing type 1 diabetes. NICE technology appraisal guidance. Publication date to
be confirmed.
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Methods

This guidance was developed in accordance with the methods outlined in the NICE guidelines
manual 2012.>"

Amendments to 2004 text

All content from the previous guideline CG15 that has not been updated by new evidence reviews
has been left unchanged and included verbatim. Recommendations from 2004 that were not
updated were checked to determine whether any changes were essential. These changes were kept
to a minimum in line with the NICE guidance on presenting updates in the NICE guidelines manual
2012. All recommendations from 2004 were updated to the active style wherever possible. Details of
amendments and deleted recommendations are explained in Appendix S.

Developing the review questions and outcomes

Review questions were developed in a patient, intervention, comparison and outcome (PICO)
framework for intervention reviews, and an adapted PICO framework was ued for other types of
review (such as diagnosis).

This use of a framework guided the literature searching process, critical appraisal and synthesis of
evidence, and facilitated the development of recommendations by the Guideline Development
Group (GDG). The review questions were drafted by the NCGC technical team and refined and
validated by the GDG. The questions were based on the key clinical areas identified in the scope
(Appendix A).

A total of 29 review questions were identified.

Full literature searches, critical appraisals and evidence reviews were completed for all the specified
review questions.

Table 1: Review questions

Type of
Chapter review Review questions Outcomes

Arterial risk Intervention In adults with type 1 diabetes, is e Mortality — all-cause
control aspirin an effective anti-platelet e Mortality — CV
agent for the primary prevention of
. o MI —all-cause
cardiovascular events?
e M| —fatal

e MI — non-fatal
e Stroke —all-cause
o Stroke — fatal
e Stroke — non-fatal

e Quality of life — measured by
SF-36, DQol, DSQolL

e Adverse events — bleeding or Gl
complications

e HbAlc
e Hypoglycaemia
e Severe hypoglycaemia

Ketone Intervention In adults with type 1 diabetes e Hospital admissions — for DKA if
monitoring and (including atypical ketosis-prone specified
management of diabetes), does patient self-
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Type of
Chapter review
DKA
Ketone Intervention

monitoring and
management of

DKA

Diagnosis Observational
Education Intervention
programmes

and self-care

Insulin therapy Intervention

Review questions

monitoring of blood (and urine)
ketones reduce the incidence of
DKA and hospital admissions?

In adults with type 1 diabetes does
inpatient monitoring of blood
ketones by the healthcare
professional reduce the length of
hospital stay, exposure to IV insulin
and the development of in-hospital
complications:

e in patients with suspected DKA?

e in patients admitted with DKA
and/or those that get it in
hospital.

In adults and young people with
diabetes, what is the best marker
(C-peptides plus or minus
antibodies) to distinguish between
type 1 diabetes, type 2 diabetes
and other forms of diabetes?

In adults with type 1 diabetes,
what is the most effective
structured education programme?

In adults with type 1 diabetes,
what are the most effective long-
acting insulins (detemir versus
degludec versus glargine versus
NPH) for optimal diabetic control?

National Clinical Guideline Centre, 2014
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Outcomes

e Duration of admission/length
of hospital stay

e DKA

e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia

e Quality of life — measured by
PAID, anxiety

e Severity of acidosis at
admission - duration of acidosis
and degree of acidosis

e Length of hospital stay

o In-hospital complications of the
admission

e Exposure to IV insulin

e How often admission occurs
e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia

e Quality of life

e Presence of marker (number or
% of patients with marker)

e Concentration of marker
(ug/ml)

e Change in marker over time
(No. or % of patients with
marker)

e Change in concentration of
marker over time (ug/ml)

e HbAlc (continuous)

e Hypoglycaemia

e Severe hypoglycaemia

e Hospital admissions

e Hypoglycaemia unawareness

e Quality of life — measured by
DQol, DSQol, PAID, HADS, fear
of hypoglycaemia, anxiety,
depression

o Adverse events

e Knowledge

e Adherence

e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia

e Nocturnal hypoglycaemia

o Quality of life — measured by
DQol or any measure used in
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Type of

Chapter review

Blood glucose Intervention

monitoring

Blood glucose Intervention

control

Blood glucose Intervention

control

Insulin therapy Intervention

Insulin therapy Intervention

Review questions

In adults with type 1 diabetes, is
retrospective continuous glucose
monitoring more effective than
care without continuous glucose
monitoring (with SMBG) for
improving diabetic control?

In adults with type 1 diabetes, is
real-time continuous glucose
monitoring more effective than
SMBG continuous glucose
monitoring for optimum diabetic
control?

In adults with type 1 diabetes, is
continuous real-time monitoring
more effective than intermittent
real-time monitoring for optimum
diabetic control?

In adults with type 1 diabetes, are
metformin (with or without
insulin), or GLP1-agonists (with or
without insulin) as effective as
insulin alone for optimal diabetic
control?

In adults with type 1 diabetes,
what are the most effective mixed
insulins (degludec-aspart versus
glargine versus NPH) for optimal
diabetic control?

National Clinical Guideline Centre, 2014
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Outcomes
the studies retrieved

e Adverse events — Cancer

e |njection site issues

e Weight gain/loss

e DKA

e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia if
reported

e Quality of life — measured by
what is shown in the study or
patient satisfaction

e Adverse events
e Adherence

e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia if
reported

e Quality of life — measured by
what is shown in the study or
patient satisfaction

e Adverse events
e Adherence

e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia if
reported

e Quality of life — measured by
what is shown in the study or
patient satisfaction

o Adverse events

e Adherence

e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia

o Quality of life — measured by
what is shown in the papers

e Adverse events

e Weight loss/change

e Dose of insulin

e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia

e Nocturnal hypoglycaemia

e Quality of life — measured by
DQol or any measure used in
the studies retrieved

e Adverse events — Cancer
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Type of

Chapter review

Blood glucose Observational

control

Blood glucose Observational

control

Blood glucose Intervention

control

Blood glucose Observational

control

Review questions

In adults with type 1 diabetes,
what is optimum timing and
frequency to self-monitor blood
glucose for effective diabetic
control?

In adults with type 1 diabetes,
what is the optimum glucose target
or profile for self-monitoring of
blood glucose for effective diabetic
control?

In adults with type 1 diabetes,
what are the benefits of
technologies (bolus calculators and
downloads) for self-monitoring of
blood glucose?

In adults with type 1 diabetes,
what is the optimum target HbAlc
level that should be achieved to
reduce the risk of complications?

National Clinical Guideline Centre, 2014
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Outcomes

Injection site issues
Weight gain/loss

DKA

Hypoglycaemia

Severe hypoglycaemia
Nocturnal hypoglycaemia

Time within range (blood
glucose)

HbAlc

Quality of life — measured by
any measure specified in the
study

DKA
Adherence
Unscheduled care use

HbA1c value

Risk of hypoglycaemia

Risk of severe hypoglycaemia
Risk of nocturnal
hypoglycaemia

Risk of complications

Quality of life - any measure
reported in the study

Hypoglycaemia

Severe hypoglycaemia
Nocturnal hypoglycaemia
HbAlc

Quality of life — measured by
whatever is used in the study

Adverse events

Adherence

Number of people reaching
target HbAlc

Final HbA1lc value
Hypoglycaemia

Severe hypoglycaemia
Nocturnal hypoglycaemia
Complications/avoidance:

o CV events (MI, IHD, Stroke,
cardiac and peripheral
revascularisation, major
amputation)

o Hypoglycaemia
o macro- and micro-vascular
o Retinopathy

o Low-level (micro)
albuminuria/proteinuria
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Type of

Chapter review

Blood glucose
control

Intervention,
observational

Insulin therapy Intervention

Insulin therapy Intervention

Insulin therapy Intervention

Insulin therapy Intervention

Review questions

In adults with type 1 diabetes,
what is the optimum frequency of
HbAlc monitoring for effective
diabetic control?

In adults with type 1 diabetes, is
once-daily basal insulin more
effective than twice-daily basal
insulin for optimal diabetic control?

In adults with type 1 diabetes,
which are the most effective rapid-
acting insulins for meal times:
analogues versus human
(intermediate NPH), for optimal
diabetic control?

In adults with type 1 diabetes,
what is the optimum needle length
for insulin delivery?

In adults with type 1 diabetes,
what is the optimum injection site
and rotation for insulin delivery?

National Clinical Guideline Centre, 2014
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Outcomes

o Renal replacement
therapy/ESRF

o Neuropathy

o Sudden death

Quality of life — measured by
whatever is used in the study
Hypoglycaemia

Severe hypoglycaemia
HbAlc

Quality of life — measured by
any measure reported in the
study

Adverse events

Adherence

Complications — such as
retinopathy

HbA1c (continuous)
Hypoglycaemia

Severe hypoglycaemia Quality

of life — measured by whatever
is used in the study

Adverse events

HbA1lc

Hypoglycaemia

Severe hypoglycaemia
Nocturnal hypoglycaemia

Quality of life — measured by
DQolL or any measure used in
the studies retrieved

Patient satisfaction
Adverse events — Cancer
Injection site issues
Weight gain/loss

DKA

Pain

Discomfort )

Patient satisfaction
HbAlc

Quality of life — measured by
whatever is used by the study

Adverse events

Adherence

HbAlc

Hypoglycaemia

Severe hypoglycaemia
Nocturnal hypoglycaemia
Quality of life — measured by
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Type of

Chapter review

Management of Intervention

complications

Management of Intervention

complications

Inpatient Intervention

management

Education and Intervention

self-care

Impaired Observational
awareness of

hypoglycaemia

Impaired Intervention

awareness of

Review questions

In adults with type 1 diabetes,
what is the most effective
treatment for insulin-induced
neuropathy?

In adults with type 1 diabetes,
what is the most effective
treatment for gastroparesis?

In adults with type 1 diabetes who
have been admitted to hospital
(elective and emergency), what are
the most effective intravenous
insulin dose-adjustment devices
and regimens for optimal diabetic
control?

In adults with type 1 diabetes,
what is the clinical and cost-
effectiveness of carbohydrate
counting or restriction for optimal
diabetic control?

In adults with type 1 diabetes, how
is impaired awareness of
hypoglycaemia best identified and
quantified?

In adults with type 1 diabetes and
impaired awareness of

National Clinical Guideline Centre, 2014
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Outcomes

whatever is used in the study
o Adverse events
o Adherence

e Pain scores
e Retinopathy —incidence

o Low-level (micro) albuminuria -
incidence

e Time to resolution of
symptoms

e Improved pain scores

e Hospital admissions

e Severe hypoglycaemia

e Vomiting (including frequency)

o Weight loss

e Quality of Life (SF-36)

e HbAlc

e Symptom control (as defined
by the study)

o Achieving target BG levels
(measure used by the study)

o Hypoglycaemia

e Severe hypoglycaemia

o Time spent out of target
glucose
(hypoglycaemia/hyperglycaemi
a)

e Duration of IV treatment

e |n-patient stay

e In-patient mortality

e Infection rate/wound healing

e Quality of life — measured by
SF-36, DQolL, DSQolL

e HbAlc

e Hypoglycaemia

e Severe hypoglycaemia

e Nocturnal hypoglycaemia

o Quality of life — measured by
whatever is used in the study

e Adverse events

o Ability to predict severe
hypoglycaemia (incidence of
severe hypoglycaemia)

o Ability to predict driving or
work related accidents
(incidence of accidents)

e HbAlc

e Autonomic
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Type of

Chapter review

hypoglycaemia

Management of Observational

complications

Observational
and real-life
data

Referral for islet
or pancreas
transplantation

Education and Intervention

self-care

Management of  Intervention

Review questions
hypoglycaemia, what is the most
effective strategy for recovering
hypoglycaemia awareness?

How should adults with type 1
diabetes be monitored for thyroid
disease, and how frequently?

Which adults with type 1 diabetes
are most suitable to be considered
for a pancreas transplant, or
pancreatic islet cell
transplantation?

In adults with type 1 diabetes,
what is the clinical and cost-
effectiveness of a diet based on the
glycaemic index for optimal
diabetic control?

What pharmacological treatment

National Clinical Guideline Centre, 2014
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Outcomes
symptoms/symptom scores
during hypoglycaemia clamp
study

e Hypoglycaemia

e Severe hypoglycaemia

e Nocturnal hypoglycaemia

e Hospital admissions

e Hypoglycaemia unawareness or
awareness

e Quality of life — measured by
DQol, DSQol, PAID, HADS, fear
of hypoglycaemia, anxiety,
depression, cognitive function

e Road traffic accidents and work
related accidents

e Detection of thyroid disease —
thyroid tests, for example, TSH,
T4

e Incidence of thyroid disease

e Frequency of treatment

Outcomes

e Current UK referral criteria
Clinical outcomes from real-life
UK data

e HbAlc
e Severe hypoglycaemia

e Longevity of the
transplant/organ survival (C-
peptide and insulin
independence)

e Insulin dependence at 1 year
and 5 years

e Mortality - in-
hospital/procedural

e Mortality — long-term

o Quality of life —any measure
used in the paper

e HbAlc

e Severe hypoglycaemia

e Nocturnal hypoglycaemia

o Quality of life — measured by
DQol or any measure used in
the studies retrieved

e Patient satisfaction
e Adherence

e Erectile function
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Type of
Chapter review Review questions Outcomes
complications should be used to manage erectile e HbAlc
dysfunction in men with type 1 e Blood glucose control
diabetes? e Body weight
e Lipid parameters
e Adverse events
Management of  Observational In adults with type 1 diabetes, e Pain scores (continuous)
complications study what is the most effective - FormepEiny — e

treatment for acute painful
neuropathy of rapid glycaemic
control?

(dichotomous)

o Low-level (micro) albuminuria -
incidence (dichotomous)

e Resolution of symptoms
(continuous)

e [mprovement in pain scores
(dichotomous)

Searching for evidence

3.2.1 Clinical literature search

3.2.2

Systematic literature searches were undertaken to identify all published clinical evidence relevant to
the review questions. Searches were undertaken according to the parameters stipulated within the
guidelines manual 2012°*?. Databases were searched using relevant medical subject headings, free-
text terms and study design filters where appropriate. Studies published in languages other than
English were not reviewed. Where possible, searches were restricted to articles published in English.
All searches were conducted in Medline, Embase and The Cochrane Library. All searches were
updated on 28 August 2014. No papers published after this date were considered.

Search strategies were quality assured by cross-checking reference lists of highly relevant papers,
analysing search strategies in other systematic reviews, and asking GDG members to highlight any
additional studies. The questions, the study types applied, the databases searched and the dates
covered can be found in Appendix F.

The titles and abstracts of records retrieved by the searches were sifted for relevance, with
potentially significant publications obtained in full text. These were assessed against the inclusion
criteria.

During the scoping stage, a search was conducted for guidelines and reports on the websites listed
below and on those of organisations relevant to the topic. Searching for grey literature or
unpublished literature was not undertaken. All references sent by stakeholders were considered.

e Guidelines International Network database (www.g-i-n.net)
e National Guideline Clearing House (www.guideline.gov)
¢ National Institute for Health and Care Excellence (NICE) (www.nice.org.uk)

e NICE Evidence Search (evidence.nhs.uk)

Health economic literature search

Systematic literature searches were also undertaken to identify health economic evidence within
published literature relevant to the review questions. The evidence was identified by conducting a
broad search relating to type 1 diabetes in the NHS Economic Evaluation Database (NHS EED), the
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Health Technology Assessment database (HTA) and the Health Economic Evaluations Database
(HEED) with no date restrictions. Additionally, the search was run on Medline and Embase using an
economic filter, from 2009, to ensure recent publications that had not yet been indexed by the
economic databases were identified. Studies published in languages other than English were not
reviewed. Where possible, searches were restricted to articles published in English.

The health economic search strategies are included in Appendix F. All searches were updated on 28
August 2014. No papers published after this date were considered.

Evidence of effectiveness

The evidence was reviewed following the steps shown schematically in Figure 1:

e Potentially relevant studies were identified for each review question from the search results by
reviewing titles and abstracts. Full papers were then obtained.

e Full papers were reviewed against pre-specified inclusion and exclusion criteria to identify studies
that addressed the review question in the appropriate population (review protocols are included
in Appendix C).

e Relevant studies were critically appraised using the appropriate checklist as specified in The
guidelines manual**.

e Key information was extracted on the study’s methods, PICO factors and results. These were
presented in summary tables (in each review chapter) and evidence tables (in Appendix G).

e Summaries of evidence were generated by outcome (included in the relevant review chapters)
and were presented in GDG meetings:
o Randomised studies: data were meta-analysed where appropriate and reported in GRADE
profiles (for intervention reviews).
o Observational studies — comparative studies: data were presented narratively or results were
tabulated, and reported in GRADE profiles (for intervention reviews).

o Observational studies — non-comparative studies: data were presented narratively or results
were tabulated.

National Clinical Guideline Centre, 2014
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Figure 1: Step-by-step process of review of evidence in the guideline

etermining the
review ou

inclu
in the

3.3.1 Inclusion and exclusion criteria

The inclusion and exclusion of studies was based on the review protocols, which can be found in
Appendix C. Excluded studies by review question (with the reasons for their exclusion) are listed in
Appendix K. The GDG was consulted about any uncertainty regarding inclusion or exclusion.

Randomised trials, non-randomised trials, and observational studies were included in the evidence
reviews as appropriate.

Literature reviews, posters, letters, editorials, comment articles, unpublished studies, conference

abstracts (unless stated in cases where there was limited evidence) and studies not in English were
excluded.

The review protocols are presented in Appendix C.

3.3.2 Methods of combining clinical studies

3.3.2.1

Data synthesis for intervention reviews

Where possible, meta-analyses were conducted to combine the results of studies for each review
question using Cochrane Review Manager (RevMan5) software. Fixed-effects (Mantel-Haenszel)
techniques were used to calculate risk ratios (relative risk) for binary outcomes.

For continuous outcomes, measures of central tendency (mean) and variation (standard deviation)
were required for meta-analysis. Data for continuous outcomes were analysed using an inverse
variance method for pooling weighted mean differences. However, in cases where standard
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deviations were not reported per intervention group, the standard error (SE) for the mean difference
was calculated from other reported statistics (p values or 95% Cls); meta-analysis was then
undertaken for the mean difference and SE using the generic inverse variance method in RevMan5.
When the only evidence was based on studies that summarised results by presenting medians (and
interquartile ranges), or only p values were given, this information was reported narratively and
generally included in the GRADE tables without calculating the relative or absolute effects.
Consequently, aspects of quality assessment such as imprecision of effect could not be assessed for
evidence of this type. Where reported, and possible to calculate, time-to-event data was presented
as a HR.

Where p values were used as part of calculations for continuous outcomes, if a p value was reported
as ‘less than’, a conservative approach was undertaken. For example, if p value was reported as
‘p<0.001’, the calculations for standard deviations will be based on a p value of 0.001. If these
statistical measures were not available then data were reported narratively.

Statistical heterogeneity was assessed by visually examining the forest plots, and by considering the
chi-squared test for significance at p<0.1 or an |-squared inconsistency statistic (with an I-squared
value of more than 50% indicating considerable heterogeneity).

For interpretation of the binary outcome results, differences in the absolute event rate were
calculated using the GRADEpro software, for the median event rate across the control arms of the
individual studies in the meta-analysis. Absolute risk differences (ARDs) were presented in the
GRADE profiles and in clinical summary of findings tables, for discussion with the GDG. For binary
outcomes, absolute event rates were also calculated using the GRADEpro software using event rate
in the control arm of the pooled results.

A network meta-analysis (NMA) was conducted for the review on long-acting insulin. This type of
analysis simultaneously compares multiple treatments in a single meta-analysis, preserving the
randomisation of RCTs included in the reviews of direct comparisons trials. The aim of the NMA was
to include all relevant evidence in order both to answer questions on the clinical effectiveness of
interventions when no direct comparison was available and to give a ranking of treatments in terms
of efficacy. The output was expressed as the mean and 95% credible intervals (Crls) for the rank of
each long-acting insulin regimen and as effect estimates for each of the included outcomes.

A network meta-analysis (NMA) was conducted for the review on long-acting insulin. This type of
analysis simultaneously compares multiple treatments in a single meta-analysis, preserving the
randomisation of RCTs included in the reviews of direct comparisons trials. The aim of the NMA was
to include all relevant evidence in order both to answer questions on the clinical effectiveness of
interventions when no direct comparison was available and to give a ranking of treatments in terms
of efficacy. The output was expressed as mean and Bayesian 95% credible intervals (Crls) for the rank
of each long-acting insulin regimen and as mean effect estimates and their Bayesian 95% Crls for
each of the included outcomes.

A Bayesian NMA was performed using the software WinBUGS version 1.4.3. That allowed inclusion of
multi-arm trials and accounts for the correlation between arms in the trials with any number of trial
arms.

The following were the main outputs from the NMA:

e Rate ratios of severe/major hypoglycaemic events (with their 95% Crls) calculated using
direct and indirect evidence

e Changes in HbA1c level (with their 95% Crls) calculated using direct and indirect evidence

e Aranking of long-acting insulin regimens compared with insulin NPH (twice daily) (with 95%
Crls for the ranks) for each network.

A full technical account can be found in Appendix M.
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3.3.3 Type of studies

For most intervention reviews in this guideline, parallel randomised controlled trials (RCTs) were
included because they are considered the most robust type of study design that could produce an
unbiased estimate of the intervention effects. If the GDG believed RCT data were not appropriate or
there was limited evidence from RCTs, well-conducted non-randomised studies were included.
Please refer to Appendix C for full details on the study design of studies selected for each review
question. It was considered unlikely that the search would find any RCTs.

Where data from observational studies were included, the GDG decided that the results for each
outcome should be presented separately for each study and meta-analysis was not conducted.

3.3.4 Appraising the quality of evidence by outcomes

The evidence for outcomes from the included RCTs and, where appropriate, comparative
observational studies were evaluated and presented using an adaptation of the ‘Grading of
Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the
international GRADE working group (http://www.gradeworkinggroup.org/). The software developed
by the GRADE working group (GRADEpro) was used to assess the quality of each outcome, taking into
account individual study quality factors and the meta-analysis results. Results were presented in
GRADE profiles (‘GRADE tables’), which consist of 2 sections: the ‘Clinical evidence profile’ table
includes details of the quality assessment while the ‘Clinical evidence summary of findings’ table
includes pooled outcome data, where appropriate, an absolute measure of intervention effect and
the summary of quality of evidence for that outcome. In this table, the columns for intervention and
control indicate summary measures and measures of dispersion (such as mean and standard
deviation or median and range) for continuous outcomes and frequency of events (n/N: the sum
across studies of the number of patients with events divided by sum of the number of completers)
for binary outcomes. Reporting or publication bias was taken into consideration in the quality
assessment and only included in the ‘Clinical evidence profile’ table if it was apparent from GDG
members.

The evidence for each outcome was examined separately for the quality elements listed and defined
in Table 2. Each element was graded using the quality levels listed in Table 3. The main criteria
considered in the rating of these elements are discussed below (see Section 3.3.5). Footnotes were
used to describe reasons for grading a quality element as having serious or very serious problems.
The ratings for each component were summed to obtain an overall assessment for each outcome
(Table 4).

The GRADE toolbox is currently designed only for randomised trials and comparative observational
studies, for non-comparative observational studies, the results, study limitations and overall quality
assessment ratings were reported narratively.

Table 2: Description of the elements in GRADE used to assess the quality of intervention studies
Quality element Description

Risk of bias Limitations in the study design and implementation may bias the estimates of the
(‘Study treatment effect. High risk of bias for the majority of the evidence decreases confidence
limitations’) in the estimate of the effect

Inconsistency Inconsistency refers to an unexplained heterogeneity of results

Indirectness Indirectness refers to differences in study population, intervention, comparator and

outcomes between the available evidence and the review question, or
recommendation made, such that the effect estimate is changed

Imprecision Results are imprecise when studies include relatively few patients and few events and
thus have wide confidence intervals around the estimate of the effect. Imprecision
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Quality element Description
results if the confidence interval includes the clinically important threshold

Publication bias Publication bias is a systematic underestimate or an overestimate of the underlying
beneficial or harmful effect due to the selective publication of studies

Table 3: Levels of quality elements in GRADE

Level Description

None There are no serious issues with the evidence

Serious The issues are serious enough to downgrade the outcome evidence by 1 level
Very serious The issues are serious enough to downgrade the outcome evidence by 2 levels

Table 4: Overall quality of outcome evidence in GRADE

Level Description
High Further research is very unlikely to change our confidence in the estimate of effect
Moderate Further research is likely to have an important impact on our confidence in the estimate

of effect and may change the estimate

Low Further research is very likely to have an important impact on our confidence in the
estimate of effect and is likely to change the estimate

Very low Any estimate of effect is very uncertain

3.3.5 Grading the quality of clinical evidence: RCTs and comparative observational studies

After results were pooled, the overall quality of evidence for each outcome was considered. The
following procedure was adopted when using GRADE:

1. A quality rating was assigned, based on the study design. RCTs start as High, observational cohort
studies as Low.

2. The rating was then downgraded for the specified criteria: risk of bias (study limitations),
inconsistency, indirectness, imprecision and publication bias. These criteria are detailed below.
Evidence from observational cohort studies (which had not previously been downgraded) was
upgraded if there was: a large magnitude of effect, a dose—response gradient, and if all plausible
confounding would reduce a demonstrated effect or suggest a spurious effect when results
showed no effect. Each quality element considered to have ‘serious’ or ‘very serious’ risk of bias
was rated down by 1 or 2 points respectively.

3. The downgraded or upgraded marks were then summed and the overall quality rating was
revised. For example, all RCTs started as High and the overall quality became Moderate, Low or
Very low if 1, 2 or 3 points were deducted respectively.

4. The reasons or criteria used for downgrading were specified in the footnotes.

The details of the criteria used for each of the main quality element are discussed further in the
following Sections (3.3.8, 3.3.9 and 3.3.10).

3.3.6 Grading the quality of clinical evidence: non-comparative observational studies.

A customised quality assessment checklist (adapted from the NICE prognostic studies checklist) has
been used for assessing the quality of non-comparative observational studies (for example, cross-
sectional studies or case-series), and so for reviews that included these study types, the main criteria
considered in assessing study quality were:

e The study design: if it is retrospective or prospective, or cross-sectional. Retrospective studies are
more likely to be at higher risk of bias.
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e The study sample is representative of the population of interest with regard to key characteristics,
sufficient to limit potential bias to the results

e The outcome of interest is adequately measured in study participants, sufficient to limit bias

e Important potential confounders are appropriately accounted for in the statistical analysis,
limiting potential bias with respect to the outcomes of interest, and the presentation of invalid
results

All non-comparative observational studies were graded as Low quality due to the inherent high risk
of bias associated with these study designs. However, the specific methodological limitations of the
studies included in the guideline update, have been summarised in tables within Appendix |, in order
to give an overview of the quality of each individual study. As GRADE is currently not designed for
these types of study, quality has been assessed by study only, rather than by outcome in the review.
Raw data, or odds ratios, relative risks or hazard ratios, with their 95% confidence intervals, from
multivariate analyses were extracted from the papers where appropriate to the review question.
Data for the outcomes defined in the review protocols has been summarised in tables within the
relevant review chapter. Full data for all the outcomes has been reported in the evidence tables (see
Appendix G) for each individual observational study.

3.3.7 Risk of bias

Bias can be defined as anything that causes a consistent deviation from the truth. Bias can be
perceived as a systematic error, for example, multiple replications of the same study would reach the
wrong answer on average.

The risk of bias for a given study and outcome is associated with the risk of over- or underestimation
of the true effect.

The risks of bias are listed in Table 5.

A study with a poor methodological design does not automatically imply high risk of bias; the bias is
considered individually for each outcome and it is assessed whether this poor design will impact on
the estimation of the intervention effect.

Table 5: Risk of bias in RCTs
Risk of bias Explanation
Allocation Those enrolling patients are aware of the group to which the next enrolled patient

concealment

Lack of blinding

Incomplete
accounting of
patients and
outcome events

Selective outcome
reporting

Other risks of bias

will be allocated (this is a major problem in ‘pseudo’ or ‘quasi’ randomised trials with,
for example, allocation by day of week, birth date, chart number)

Patient, caregivers, those recording outcomes, those adjudicating outcomes, or data
analysts are aware of the arm to which patients are allocated

Missing data not accounted for and failure of the trialists to adhere to the intention-
to-treat principle when indicated

Reporting of some outcomes and not others on the basis of the results

For example:

e Stopping early for benefit observed in randomised trials, in particular in the absence
of adequate stopping rules

e Use of unvalidated patient-reported outcomes
e Recruitment bias in cluster-randomised trials
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3.3.8 Inconsistency

Inconsistency refers to an unexplained heterogeneity of results. When estimates of the treatment
effect across studies differ widely (that is, there is heterogeneity or variability in results), this
suggests true differences in underlying treatment effect.

Heterogeneity in meta-analyses was examined and sensitivity and subgroup analyses performed as
pre-specified in the protocols (Appendix C).

When heterogeneity exists (chi-squared p<0.1, I-squared inconsistency statistic of more than 50%, or
evidence from examining forest plots), but no plausible explanation can be found (for example,
duration of intervention or different follow-up periods), the quality of evidence was downgraded by
1 or 2 levels, depending on the extent of uncertainty to the results contributed by the inconsistency
in the results. In addition to the I-squared and chi-squared values, the decision for downgrading was
also dependent on factors such as whether the intervention is associated with benefit in all other
outcomes or whether the uncertainty about the magnitude of benefit (or harm) of the outcome
showing heterogeneity would influence the overall judgment about net benefit or harm (across all
outcomes).

3.3.9 Indirectness

Directness refers to the extent to which the populations, intervention, comparisons and outcome
measures are similar to those defined in the inclusion criteria for the reviews. Indirectness is
important when these differences are expected to contribute to a difference in effect size, or may
affect the balance of harms and benefits considered for an intervention.

3.3.10 Imprecision

Imprecision in guidelines concerns whether the uncertainty (confidence interval) around the effect
estimate means that it is not clear whether there is a clinically important difference between
interventions or not. Therefore, imprecision differs from the other aspects of evidence quality, in
that it is not really concerned with whether the point estimate is accurate or correct (has internal or
external validity) instead it is concerned with the uncertainty about what the point estimate is. This
uncertainty is reflected in the width of the confidence interval.

The 95% Cl is defined as the range of values that contain the population value with 95% probability.
The larger the trial, the smaller the 95% Cl and the more certain the effect estimate.

Imprecision in the evidence reviews was assessed by considering whether the width of the 95% Cl of
the effect estimate is relevant to decision-making, considering each outcome in isolation. Figure 2
considers a positive outcome for the comparison of treatment A versus B. Three decision-making
zones can be identified, bounded by the thresholds for clinical importance (minimal important
difference — MID) for benefit and for harm. The MID for harm for a positive outcome means the
threshold at which drug A is less effective than drug B by an amount that is clinically important to
patients (favours B).
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Figure 2: lllustration of precise and imprecise outcomes based on the confidence interval of
outcomes in a forest plot

rul|
Favours A
Difference = BAID (-) effect not Difference = RAID(+)
(clinically important clinically important [climically important
harm) benefit)

When the confidence interval of the effect estimate is wholly contained in one of the 3 zones (for
example, clinically important benefit), we are not uncertain about the size and direction of effect
(whether there is a clinically important benefit, or the effect is not clinically important, or there is a
clinically important harm), so there is no imprecision.

When a wide confidence interval lies partly in each of 2 zones, it is uncertain in which zone the true
value of effect estimate lies, and therefore there is uncertainty over which decision to make (based
on this outcome alone). The confidence interval is consistent with 2 decisions and so this is
considered to be imprecise in the GRADE analysis and the evidence is downgraded by 1 level
(‘serious imprecision’).

If the confidence interval of the effect estimate crosses into 3 zones, this is considered to be very
imprecise evidence because the confidence interval is consistent with 3 clinical decisions and there is
a considerable lack of confidence in the results. The evidence is therefore downgraded by 2 levels in
the GRADE analysis (‘very serious imprecision’).

Implicitly, assessing whether the confidence interval is in, or partially in, a clinically important zone,
requires the GDG to estimate an MID or to say whether they would make different decisions for the
2 confidence limits.

The GDG was asked whether they were aware of any acceptable MIDs in the clinical community but
there were none known. Therefore, the GDG agreed that the default values stated in GRADEpro were
appropriate for our outcomes. For dichotomous outcomes, the default thresholds suggested by
GRADE are a relative risk reduction of 25% (relative risk of 0.75 for negative outcomes) or a relative
risk increase of 25% (risk ratio 1.25 for positive outcomes). For continuous outcomes, the default
approach of multiplying 0.5 by the standard deviation was employed.

3.3.11 Assessing clinical importance

The GDG assessed the evidence by outcome in order to determine if there was, or potentially was, a
clinically important benefit, a clinically important harm or no clinically important difference between
interventions. To facilitate this, binary outcomes were converted into ARDs using GRADEpro
software: the median control group risk across studies was used to calculate the ARD and its 95% ClI
from the pooled risk ratio.

The assessment of benefit, harm, or no benefit or harm was based on the point estimate of absolute
effect for intervention studies
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This assessment was carried out by the GDG for each outcome, and an evidence summary table was
produced to compile the GDG’s assessments of clinical importance per outcome, alongside the
evidence quality and the uncertainty in the effect estimate (imprecision).

3.3.12 Evidence statements

3.4

3.4.1

Evidence statements are summary statements that are presented after the GRADE profiles,
summarising the key features of the clinical effectiveness evidence presented. The wording of the
evidence statements reflects the certainty or uncertainty in the estimate of effect. The evidence
statements encompass the following key features of the evidence:

e the intervention and comparison group under investigation
e the outcome measure being assessed

¢ an indication of the direction of effect (if one treatment is beneficial or harmful compared with
the other, or whether there is no difference between the 2 tested treatments). Determination of
benefit, harm, or no difference, is based on the GDG's interpretation of whether the absolute
effect could be considered clinically beneficial, clinically harmful, or no clinical effect or difference
between the intervention and comparison groups.

e the time-point the outcomes have been assessed at

e adescription of the overall quality of evidence (GRADE overall quality).

Evidence of cost effectiveness

The GDG is required to make decisions based on the best available evidence of both clinical and cost
effectiveness. Guideline recommendations should be based on the expected costs of the different
options in relation to their expected health benefits (that is, their ‘cost effectiveness’) rather than the
total implementation cost.>™ Thus, if the evidence suggests that a strategy provides significant health
benefits at an acceptable cost per patient treated, it should be recommended even if it would be
expensive to implement across the whole population.

Evidence on cost effectiveness related to the key clinical issues being addressed in the guideline was
sought. The health economist:
e Undertook a systematic review of the published economic literature.

e Undertook new cost-effectiveness analysis in priority areas.

Literature review

The health economist:

¢ Identified potentially relevant studies for each review question from the economic search results
by reviewing titles and abstracts. Full papers were then obtained.

e Reviewed full papers against prespecified inclusion and exclusion criteria to identify relevant
studies (see below for details).

e Critically appraised relevant studies using the economic evaluations checklist as specified in The
guidelines manual.>?

e Extracted key information about the studies’ methods and results into evidence tables (included
in Appendix H).

e Generated summaries of the evidence in NICE economic evidence profiles (included in the
relevant chapter for each review question) — see below for details.
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3.4.1.1 Inclusion and exclusion criteria

Full economic evaluations (studies comparing costs and health consequences of alternative courses
of action: cost—utility, cost-effectiveness, cost—benefit and cost—consequence analyses) and
comparative costing studies that addressed the review question in the relevant population were
considered potentially includable as economic evidence.

Studies that only reported cost per hospital (not per patient), or only reported average cost-
effectiveness without disaggregated costs and effects, were excluded. Literature reviews, abstracts,
posters, letters, editorials, comment articles, unpublished studies and studies not in English were
excluded.

Remaining studies were prioritised for inclusion based on their relative applicability to the
development of this guideline and the study limitations. For example, if a high quality, directly
applicable UK analysis was available, then other less relevant studies may not have been included.
Where selective exclusions occurred on this basis, this is noted in the relevant section.

For more details about the assessment of applicability and methodological quality see the economic
evaluation checklist (Appendix E of the guidelines manual *** and the health economics review
protocol in Appendix C).

When no relevant economic studies were found from the economic literature review, relevant UK
NHS unit costs related to the compared interventions were presented to the GDG to inform the
possible economic implications of the recommendations.

3.4.1.2 NICE economic evidence profiles

The NICE economic evidence profile has been used to summarise cost and cost-effectiveness
estimates. The economic evidence profile shows an assessment of applicability and methodological
quality for each economic evaluation, with footnotes indicating the reasons for the assessment.
These assessments were made by the health economist using the economic evaluation checklist from
The guidelines manual.* It also shows the incremental costs, incremental effects (for example,
quality-adjusted life years [QALYs]) and incremental cost-effectiveness ratio for the base case
analysis in the evaluation, as well as information about the assessment of uncertainty in the analysis.
See Table 6 for more details.

If a non-UK study was included in the profile, the results were converted into pounds sterling using
the appropriate purchasing power parity.>*°

Table 6: Content of NICE economic evidence profile

Item Description
Study First author name, reference, date of study publication and country perspective.
Applicability An assessment of applicability of the study to the clinical guideline, the current NHS

situation and NICE decision-making(a):

e Directly applicable — the study meets all applicability criteria, or fails to meet one
or more applicability criteria but this is unlikely to change the conclusions about
cost effectiveness.

o Partially applicable — the study fails to meet one or more applicability criteria, and
this could change the conclusions about cost effectiveness.

o Not applicable — the study fails to meet one or more of the applicability criteria,
and this is likely to change the conclusions about cost effectiveness. Such studies
would usually be excluded from the review.

Limitations An assessment of methodological quality of the study(a):

e Minor limitations — the study meets all quality criteria, or fails to meet one or
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Item Description
more quality criteria, but this is unlikely to change the conclusions about cost
effectiveness.

e Potentially serious limitations — the study fails to meet one or more quality
criteria, and this could change the conclusions about cost effectiveness.

e Very serious limitations — the study fails to meet one or more quality criteria, and
this is highly likely to change the conclusions about cost effectiveness. Such
studies would usually be excluded from the review.

Other comments Particular issues that should be considered when interpreting the study.

Incremental cost The mean cost associated with one strategy minus the mean cost of a comparator
strategy.

Incremental effects The mean QALYs (or other selected measure of health outcome) associated with
one strategy minus the mean QALYs of a comparator strategy.

Cost effectiveness Incremental cost-effectiveness ratio (ICER): the incremental cost divided by the
incremental effects.

Uncertainty A summary of the extent of uncertainty about the ICER reflecting the results of

deterministic or probabilistic sensitivity analyses, or stochastic analyses of trial data,
as appropriate.

(a) Applicability and limitations were assessed using the economic evaluation checklist in Appendix G of The guidelines
manual (2012)512

3.4.2 Undertaking new health economic analysis

As well as reviewing the published economic literature for each review question, as described above,
new economic analysis was undertaken by the health economist in selected areas. Priority areas for
new health economic analysis were agreed by the GDG after formation of the review questions and
consideration of the available health economic evidence.

The following general principles were adhered to in developing the cost-effectiveness analysis:
e Methods were consistent with the NICE reference case.”"

e The GDG was involved in the design of the model, selection of inputs and interpretation of the
results.

e Model inputs were based on the systematic review of the clinical literature supplemented with
other published data sources where possible.

e When published data was not available GDG expert opinion was used to populate the model.
e Model inputs and assumptions were reported fully and transparently.
e The results were subject to sensitivity analysis and limitations were discussed.

e The model was peer-reviewed by another health economist at the NCGC.

Full methods for the cost-effectiveness analyses conducted for this guideline are described in
Appendix N, O and P.

3.4.3 Cost-effectiveness criteria

NICE’s report ‘Social value judgements: principles for the development of NICE guidance’ sets out the
principles that GDGs should consider when judging whether an intervention offers good value for
money.>® In general, an intervention was considered to be cost effective if either of the following

criteria applied (given that the estimate was considered plausible):

e the intervention dominated other relevant strategies (that is, it was both less costly in terms of
resource use and more clinically effective compared with all the other relevant alternative
strategies), or

National Clinical Guideline Centre, 2014
42



Type 1 diabetes in adults
Methods

e the intervention cost less than £20,000 per QALY gained compared with the next best strategy.

If the GDG recommended an intervention that was estimated to cost more than £20,000 per QALY
gained, or did not recommend one that was estimated to cost less than £20,000 per QALY gained,
the reasons for this decision are discussed explicitly in the ‘Recommendations and link to evidence’
section of the relevant chapter, with reference to issues regarding the plausibility of the estimate or
to the factors set out in ‘Social value judgements: principles for the development of NICE

guidance’.”®

3.4.4 In the absence of economic evidence

3.5

When no relevant published studies were found, and a new analysis was not prioritised, the GDG
made a qualitative judgement about cost-effectiveness by considering expected differences in
resource use between options and relevant UK NHS unit costs, alongside the results of the clinical
review of effectiveness evidence. The UK NHS costs reported in the guideline were those presented
to the GDG and they were correct at the time recommendations were drafted; they may have been
revised subsequently by the time of publication. However, we have no reason to believe they have
been changed substantially.

Developing recommendations

Over the course of the guideline development process, the GDG was presented with:

e Evidence tables of the clinical and economic evidence reviewed from the literature. All evidence
tables are in Appendices [G and H].

e Summaries of clinical and economic evidence and quality (as presented in Chapters [6-16]).
e Forest plots and summary ROC curves (Appendix J).

e A description of the methods and results of the cost-effectiveness analysis(ses) undertaken for
the guideline (Appendices N-P).

Recommendations were drafted on the basis of the GDG interpretation of the available evidence,
taking into account the balance of benefits, harms and costs between different courses of action.
This was either done formally in an economic model, or informally. Firstly, the net benefit over harm
(clinical effectiveness) was considered, focusing on the critical outcomes. When this was done
informally, the GDG took into account the clinical benefits and harms when one intervention was
compared with another. The assessment of net benefit was moderated by the importance placed on
the outcomes (the GDG’s values and preferences), and the confidence the GDG had in the evidence
(evidence quality). Secondly, it was assessed whether the net benefit justified any differences in
costs.

When clinical and economic evidence was of poor quality, conflicting or absent, the GDG drafted
recommendations based on their expert opinion. The considerations for making consensus-based
recommendations include the balance between potential harms and benefits, the economic costs
compared with the economic benefits, current practices, and recommendations made in other
relevant guidelines, patient preferences and equality issues. The consensus recommendations were
agreed through discussions in the GDG. The GDG considered whether the uncertainty was sufficient
to justify delaying making a recommendation to await further research, taking into account the
potential harm of failing to make a clear recommendation (see Appendix R).

The wording of recommendations was agreed by the GDG and focused on the following factors:
e The actions health professionals need to take.

e The information readers need to know.
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e The strength of the recommendation (for example the word ‘offer’ was used for strong
recommendations and ‘consider’ for weak recommendations).

e The involvement of patients (and their carers if needed) in decisions on treatment and care.

e Consistency with NICE’s standard advice on recommendations about drugs, waiting times and
ineffective interventions.

The main considerations specific to each recommendation are outlined in the ‘recommendations and
link to evidence’ sections within each chapter.

3.5.1 Research recommendations

When areas were identified for which good evidence was lacking, the GDG considered making
recommendations for future research. Decisions about inclusion were based on factors such as:

e the importance to patients or the population
e national priorities
e potential impact on the NHS and future NICE guidance

e ethical and technical feasibility.

3.5.2 Validation process

This guidance is subject to a 12 week public consultation and feedback as part of the quality
assurance and peer review of the document. All comments received from registered stakeholders are
responded to in turn and posted on the NICE website.

3.5.3 Updating the guideline

A formal review of the need to update a guideline is usually undertaken by NICE after its publication.
NICE will conduct a review to determine whether the evidence base has progressed significantly to
alter the guideline recommendations and warrant an update.

3.5.4 Disclaimer

Healthcare providers need to use clinical judgement, knowledge and expertise when deciding
whether it is appropriate to apply guidelines. The recommendations cited here are a guide and may
not be appropriate for use in all situations. The decision to adopt any of the recommendations cited
here must be made by practitioners in light of individual patient circumstances, the wishes of the
patient, clinical expertise and resources.

The National Clinical Guideline Centre disclaims any responsibility for damages arising out of the use
or non-use of this guideline and the literature used in support of this guideline.

3.5.5 Funding

The National Clinical Guideline Centre was commissioned by the NICE to undertake the work on this
guideline.
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3.6 Methods 2004

3.6.1 Aims and principles

This chapter describes the resources and techniques used to reach the clinical recommendations in
this guideline.

Clinical guidelines have been formally defined as ‘systematically developed statements to assist both
practitioner and patient decisions in specific circumstances’.6 This guideline aims to offer the best
practice advice on the care of adults (defined as those aged 18 years or older) with Type 1 diabetes.
It gives guidance on the management, monitoring and support of people with Type 1 diabetes. The
context of the intended guidance is the primacy of the needs of the individual with diabetes,
reflecting the difficulties of reconciling the problems of insulin replacement therapy with personal
lifestyles.

The current guideline is aimed at helping all healthcare professionals provide optimal services for
people with Type 1 diabetes by:

e providing healthcare professionals with a set of explicit statements on the best known ways to
assist people with diabetes with their most common clinical problems, while maximising the
effectiveness of the service in supporting the population with Type 1 diabetes

e giving commissioning organisations and provider services specific guidance on the best way to
provide complex services in a way that maximises efficiency and equity (service organisation is,
however, outside the scope of this clinical guideline)

¢ informing people with diabetes of the optimal methods for helping them self-manage their
diabetes.

Others, including the general public, may find the guideline of use in understanding the global and
clinical approach to Type 1 diabetes. Separate short-form documents for the public and for
healthcare professionals are available; they summarise the recommendations without giving full
details of the supporting evidence.

The main principles behind the development of this guideline are that it should:

e consider all the most important issues in the management of people with Type 1 diabetes using
published evidence wherever this is available

e be useful to and usable by all professionals
o take full account of the perspectives of the person with Type 1 diabetes and their carers

e indicate areas of uncertainty or controversy needing further research.

3.6.2 The developers

3.6.2.1

The National Collaborating Centre for Chronic Conditions

The National Collaborating Centre for Chronic Conditions (NCC-CC) is housed by the Royal College of
Physicians (RCP) but governed by a multiprofessional partners board, which includes patient groups
and NHS management. It was set up in 2000 to undertake commissions from the National Institute
for Clinical Excellence (NICE) to develop clinical guidelines for the NHS in England and Wales.

The technical team

The technical team consisted of:

e an information scientist
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e a health services research fellow

e aclinical advisor

e a health economist

e the chair of the Guideline Development Group (GDG)

e aproject manager

and was supported by administrative personnel. It took part in the GDG meetings, and also met
separately each month.

The Guideline Development Group

The GDG met monthly for 10 months to review the evidence identified by the technical team, to
comment on its completeness and to develop and refine clinical recommendations based on that
evidence and other considerations.

Editorial responsibility for this guideline rests solely with the GDG.

Nominations for group members were invited from various stakeholder organisations, which were
selected to ensure an appropriate mix of clinical professions and patient groups. These made up the
Consensus Reference Group (CRG, see below) and from their members the GDG was selected to
represent the groups involved in the day-to-day management of Type 1 diabetes. It included two
representatives of people with Type 1 diabetes. Each nominee was expected to serve as an individual
expert in their own right and not as a mandated representative, although they were encouraged to
keep their parent organisation informed of the process. Group membership details can be found at
the front of this document.

All group members made a formal ‘declaration of interests’ at the start of the guideline development
and provided updates throughout. The NCC-CC and the GDG Chair monitored these.

e The Consensus Reference Group

The larger Consensus Reference Group (CRG) met twice during the process, once early in the
development to ensure the aims and clinical questions (see Appendix A) were appropriate, and again
at the end of the process to review the validity of the recommendations drafted by the GDG. The
formal consensus technique used for this purpose was developed by the NCC-CCand is a
modification of the RAND Nominal Group Technique.

e Involvement of people with Type 1 diabetes

The NCC-CC believes that the views of people with diabetes and their carers are an integral part of
the development process of a guideline on Type 1 diabetes. Patient organisation representation
(Diabetes UK) was secured on the Guideline Development Group and included a non-healthcare
professional with Type 1 diabetes. People with diabetes were also present as part of the GDG and
CRG and were involved at every stage of the guideline development process.

Searching for the evidence

There were four stages to evidence identification and retrieval:

5. The technical team set out a series of specific clinical questions (see Appendix A) that covered the
issues identified in the project scope. The CRG met to discuss, refine and approve these questions
as suitable for identifying appropriate evidence from within the published literature.
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6. A total of 74 questions were identified. The technical team and project executive agreed that a
full literature search and critical appraisal process could not be undertaken for all of these areas
due to the time limitations of the guideline development process. The technical team identified
questions where it was felt that a full literature search and critical appraisal were essential.
Reasons for this included an awareness of new or unclear evidence, or a particular clinical need
for evidence-based guidance in the area.

7. The information scientist, with the assistance of the clinical advisor, developed a search strategy
for each question to identify the available evidence. Identified titles and abstracts were reviewed
for relevance to the agreed clinical questions and full papers obtained as appropriate. These were
assessed for inclusion according to predefined criteria as developed by the Scottish Intercollegiate
Guidelines Network (SIGN).

8. The full papers were critically appraised by the health services research fellow and the pertinent
data entered into evidence tables. These were then reviewed and analysed by the GDG as the
basis upon which recommendations were formulated.

Due to the large amount of literature potentially relevant to Type 1 diabetes, the inclusion criteria
aimed to limit the included studies to those of a higher level (see 2.6) conducted primarily in people
with Type 1 diabetes. Where these were not available, lower-level studies, well-conducted studies
outside Type 1 diabetes (in Type 2 diabetes or in the non-diabetic population), or more
methodologically-limited studies in people with Type 1 diabetes, were included.

Limited details of the databases and constraints used in the searches can be found in Appendix A.
No formal contact was made with the authors of identified studies. Additional contemporary articles
identified by the GDG on an ad hoc basis, and further published evidence identified by national
stakeholder organisations, were incorporated where appropriate after having been assessed for
inclusion by the same criteria as evidence provided by the electronic searches.

Searches were rerun at the end of the guideline development process, thus including evidence
published and included in the literature databases up to 27 May 2003. Studies recommended by
stakeholders or GDG members that were published after this date were not considered for inclusion.
The date should be the starting point for searching for new evidence for future updates to this
guideline.

Synthesising the evidence

Abstracts of articles identified by the searches were screened for relevance, and hard copies were
ordered of papers that appeared to provide useful evidence relevant to each clinical question. Using
a validated appraisal tool, each paper was assessed for its methodological quality against pre-defined
criteria. Papers that met the inclusion criteria were then assigned a level according to the evidence
hierarchy given under 2.6. Owing to practical limitations, selection, critical appraisal and data
extraction were undertaken by one reviewer only. Evidence was, however, considered carefully by
the GDG for accuracy and completeness.

Each clinical question dictated the study design that was prioritised in the search strategy. In
addition, certain topics within any one clinical question at times required different evidence types to
be considered. Randomised control trials (RCTs) were the most appropriate study design for some
clinical questions as they lend themselves particularly well to research into medicines. They were
not, however, appropriate for all clinical questions, for example the evaluation of diagnostic tests.

RCTs are difficult to perform in areas such as rehabilitation and lifestyle, where interventions are
often tailored to the needs of the individual. As a consequence, pharmaceutical inter- ventions tend
to be placed higher in the evidence hierarchy than other, equally important, interventions. This
should not be interpreted as a preference for a particular type of intervention or as a reflection of
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the quality of the evidence, particularly for those clinical areas where non-RCT evidence is valid and
most appropriate.

Where available, evidence from well-conducted systematic reviews was appraised and presented.
Trials included within these reviews are listed in the evidence table but were not critically appraised.
Studies identified in addition to those included in the systematic review were included in the
appraisal process.

At times, evidence was not available from studies that included a Type 1 diabetes population. Where
a Type 2 or mixed diabetes population, or non-diabetes population, is considered, it is indicated in
the relevant evidence statement.

On occasion the group identified a clinical question that could not be appropriately answered
through undertaking a rigorous literature review (because the evidence was scarce, or conflicting).
These questions were addressed by group consensus, and the group considered a summary of the
area in an expert-drafted discussion paper. In these instances there was no formal assessment of the
studies cited.

Finally, national and international evidence-based guidelines were referred to during the
development process. These were not formally appraised because of the consistency of process and
of evidence base can be difficult to ascertain across such documents.

The evidence statements should be read with the following caveats in mind:
e all comparisons discussed are statistically significant unless otherwise stated

e where evidence is available from a good quality systematic review or meta-analysis, then
individual studies are not reviewed and referenced. Any additional RCT evidence presented
relates to studies published since the completion of systematic review(s) included or those
considered relevant to this guideline, but which may not have been suitable for inclusion in the
systematic review(s)

e unless explicitly stated, all studies relate to diabetes populations. The inclusion of studies of Type
1, Type 2 or mixed Type 1 and Type 2 diabetes populations varies between questions (see
Appendix A)

e descriptions of studies of poor methodological quality in evidence statements include details on
all relevant interventions in a specified question. However, no positive recommendations have
been based solely on such studies

e evidence statements in this guideline derived from one systematic review may be graded with
different hierarchy of evidence in different places, due to some topics within the review being
based on a synthesis of the outcomes of well-conducted randomised controlled trials and others
being based on a synthesis of non-randomised studies, prevalance studies and diagnotic studies,
or on consensus

e when other guidelines are reviewed, some of their recommendations are presented here as
evidence statements. These may not necessarily reflect the recommendations made in this
guideline and are clearly labelled

e where individual trials are referred to in the evidence statements as small, medium, or large, this
equates to the following number of participants (at baseline): small, less than 50; medium, from
50 to 200; large, greater than 200. Exact numbers for each trial can be found in the online
evidence tables.
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Health economic evidence

While evidence on cost-effectiveness was extracted from the clinical literature searches wherever it
existed, this was rare. As such, a separate search was conducted to isolate the health economic
evidence that attempted to identify the cost of, and the benefits accruing from, each strategy or
intervention. An a priori study design criterion was not imposed, so information may come from
sources other than RCTs and formal economic evaluations.

As the management of diabetes is complex, many of the areas covered by this guideline have little
economic evidence; within clinical trials it is not always clear which of a range of inter- ventions and
strategies actually improves health. The GDG therefore expected the useful cost- effectiveness
evidence to fall within a limited range of areas. Where searching produced either no evidence or
insufficient evidence for a substantive health economic evidence statement, this fact is indicated.

The health economist presented the economic evidence to the GDG alongside the clinical evidence.
There is no standard measure to assess the quality of the economic evidence, and reported costs and
benefits experienced in other healthcare systems may not apply in the UK. The GDG had to assess
not only the results but also their applicability.

Health economic analysis can provide a framework for combining information from a variety of
sources to form a standard comparison of cost and benefits. However, the task of producing these
estimates is complex and labour intensive, and requires a level of clinical evidence that is not always
readily available. Evidence on the costs and benefits of a broad range of interventions was presented
to the GDG, but the issue of cultured human dermis for foot ulceration was identified as a
particularly important area for further economic analysis. The choice was made on the grounds that:

e this treatment does not have good quality economic evidence attached
e it has a potentially large health benefit

¢ if made available, the treatment could have a large effect on NHS resources given the prevalence
of diabetic foot ulcers

e there are uncertainties surrounding both the benefits and resources, and an absence of cost-
utility studies.

Drafting recommendations

e Evidence for each topic was extracted into tables and summarised in evidence statements. The
GDG reviewed the evidence tables and statements at each meeting and reached a group opinion.
Recommendations were explicitly linked to the evidence supporting them and graded according
to the level of the evidence upon which they were based, using the grading system in the table
below.

e It should be noted that it is the level of evidence that determines the grade assigned to each
recommendation. The grade does not necessarily reflect the clinical importance attached to the
recommendation.
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Hierarchy of evidence Typical grading of recommendations
Evidence from meta-analysis of randomised Based on category | evidence.
controlled trials.

Evidence from at least one randomised
controlled trial.

Evidence from at least one controlled study Based on category Il evidence or
without randomisation. extrapolated from category I.

Evidence from at least one other type of
quasi-experimental study.

Evidence from non-experimental descriptive Based on category Il evidence or extrapolated
studies, such as comparative studies, from category | or Il.
correlation studies and case control studies.

\

Evidence from expert committee reports Directly based on category IV evidence or
or opinions and/or clinical experience of extrapolated from category |, Il or Ill.
respected authorities.

Evidence from diagnostic studies. Evidence from diagnostic studies.
NICE Evidence from NICE guidelines or health NICE Evidence from NICE guidelines or health
technology appraisal programme. technology appraisal programme.

Agreeing recommendations

Once the evidence review had been completed and an early draft of the guideline produced, a one-
day meeting of the CRG was held to finalise the recommendations. This included a pre- meeting vote
on the recommendations and a further vote at the CRG meeting, where the group was asked to
consider the draft guideline in two stages:

[uny

. Are the evidence-based statements acceptable and is the evidence cited sufficient to justify the
grading attached?

N

. Are the recommendations derived from the evidence justified and are they sufficiently practical
so that those at the clinical front line can implement them? Three types of recommendation were
considered:

a. Arecommendation from the GDG based on strong evidence, usually non- controversial unless
there was important evidence that had been missed or misinterpreted

b. Arecommendation that was based on good evidence but where it was necessary to
extrapolate the findings to make it useful in the NHS. The extrapolation was approved by
consensus

¢. Recommendations for which no evidence existed but which address important aspects of care,
and for which a consensus on best practice could be reached.

This formal consensus method has been established within the NCC-CC, drawing on the knowledge
set out in a health technology appraisal,7 the work of the Royal College of Nursing Institutel and
practical experience. It approximates to a modification of the RAND Nominal Group Technique and
will be fully described in future publications.

Writing the guideline

The draft version of the guideline was drawn up by the technical team in accordance with the
decisions of the guideline groups. Prior to publication, it was circulated to stakeholders according to
the formal NICE stakeholder consultation and validation phase.

National Clinical Guideline Centre, 2014
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Modifications were made to this document in response to comments received. Changes were
approved by the Guideline Development Group, who retain the final editorial authority for the
content.

Structure of the guideline

The part of this document which contains recommendations (chapter 4 onwards) is divided into
sections, each of which covers a set of related topics. For each topic the layout is the same:

e the rationale for including the topic is provided in one or two paragraphs that simply set the
recommendations in the context of their clinical importance

e the evidence statements, both clinical and health economic, are then given, summarising the
evidence (more detail can be found in the evidence tables, available on the web at
www.rcplondon.ac.uk/pubs/books/dia/index.asp) Specific health economic evidence statements
also follow the clinical evidence when available. The evidence statements and tables aim to
contextualise and explain each recommendation

e the evidence statements are followed by a consideration that reflects the thinking of the GDG in
making the recommendations. This is intended to explain how the evidence was used to
formulate the recommendations

the recommendations follow. These are graded to indicate the level of the evidence behind the
recommendation, rather than how valid the GDG believes them to be. In some sections of the
guideline, additional text providing more detailed guidance is contained within the
recommendations.
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4.1.3 Non-glycaemic management of CV risk factors

Primary prevention

Do not offer

Anti-platelets—]

—
|

Secondary prevention

Offer in line with NICE guidance for CV
disease indication

—

Primary prevention

Lipid lowering—

Offer atorvastatin at a starting dose of 20 mg
once a day if:

= aged over 40 years or,

# had diabetes for >10 years or,

= established nephropathy or,

= other CV risk factors

Consider for all

Secondary prevention

Offer in line with NICE guidance for CV
disease indication

No evidence nephropathy

I |

BP lowering—|

Start treatment with a renin-angiotension
system blocker if BP >135/85 mmHg; titrate
treatment to achieve BP <135/85 mmHg

Evidence nephropathy: ACR > 3 mg/mmol or
CED 3-5

Start treatment with a renin-angiotension
system blocker

titrate treatment to achieve BP <130/80
mmHg
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4.2

4.3

Type 1 diabetes in adults
Guideline summary

Key priorities for implementation

From the full set of recommendations, the GDG selected 8 key priorities for implementation. The
criteria used for selecting these recommendations are listed in detail in The guidelines manual.’** The
reason that each of these recommendations was chosen are shown in the table linking the evidence
to the recommendation in the relevant chapter.

e Offer all adults with type 1 diabetes a structured education programme of proven benefit, for
example the DAFNE (dose adjustment for normal eating) programme. Offer this programme 6 —
12 months after diagnosis, at a time that is clinically appropriate and suitable for the person.

e Support adults with type 1 diabetes to achieve and maintain a target HbA1c level of 48 mmol/mol
(6.5%) or lower, to minimise the risk of long-term vascular complications.

e Agree an individualised HbA1lc target with each adult with type 1 diabetes, taking into account
factors such as the person’s daily activities, aspirations, likelihood of complications, comorbidities,
occupation and history of hypoglycaemia.

e Support adults with type 1 diabetes to test at least 4 times a day, and up to 10 times a day if any
of the following apply:

o the target for blood glucose control, measured by HbA1lc level (see recommendation 39) is not
achieved

the frequency of hypoglycaemic episodes increases

there is a legal requirement to do so (such as before driving, in line with DVLA requirements)®
during periods of illness

before and after sport

O O O O O

when planning pregnancy, during pregnancy and while breastfeeding (see the NICE guideline
on diabetes in pregnancy")

o if there is a need to know blood glucose levels more than 4 times a day for other reasons (for
example, impaired awareness of hypoglycaemia, high-risk activities).

e Advise adults with type 1 diabetes to aim for:
o a fasting plasma glucose level of 5- 7 mmol/litre on waking and
o a plasma glucose level of 4-7 mmol/litre before meals at other times of the day.

e Offer multiple daily injection basal-bolus regimens, rather than twice-daily mixed insulin
regimens, as the insulin injection regimen of choice for all adults with type 1 diabetes.

e Assess awareness of hypoglycaemia in adults with type 1 diabetes at each annual review.

e Enable adults with type 1 diabetes who are hospital inpatients to self-administer subcutaneous
insulin if they are willing and able and it is safe to do so.

Full list of recommendations

1. Diagnose type 1 diabetes on clinical grounds in adults presenting with
hyperglycaemia, bearing in mind that people with type 1 diabetes typically
(but not always) have one or more of:

e  ketosis

e rapid weight loss

b For DVLA guidance on type 1 diabetes, see the DVLA guidance for people with diabetes.
¢ This guideline is currently being updated, publication expected February 2015.

National Clinical Guideline Centre, 2014
55


http://www.dafne.uk.com/
http://www.nice.org.uk/guidance/cg63
http://www.nice.org.uk/guidance/cg63
https://www.gov.uk/current-medical-guidelines-dvla-guidance-for-professionals-conditions-d-to-f#diabetes---insulin-treated
http://www.nice.org.uk/guidance/indevelopment/gid-cgwaver107

Type 1 diabetes in adults

Guideline summary

e age of onset below 50 years
e BMI below 25 kg/m’
e personal and/or family history of autoimmune disease. [new 2015]

Do not discount a diagnosis of type 1 diabetes if a person presents with a BMI
of 25 kg/m? or above or is aged 50 years or above. [new 2015]

Do not measure C-peptide and/or diabetes-specific autoantibody titres
routinely to confirm type 1 diabetes in adults. [new 2015]

Consider further specialist investigation involving measurement of C-peptide
and/or diabetes-specific autoantibody titres if:

o type 1 diabetes is suspected but the clinical presentation includes some
atypical features (for example, age 50 years or above, BMI of
25 kg/m” or above, slow evolution of hyperglycaemia or long
prodrome) or

e type 1 diabetes has been diagnosed and treatment started but there is a
clinical suspicion that the person may have a monogenic form of
diabetes, and C-peptide and/or autoantibody testing may guide the
use of genetic testing or

e classification is uncertain, and confirming type 1 diabetes would have
implications for availability of therapy (for example, continuous
subcutaneous insulin infusion [CSII or ‘insulin pump’] therapy. [new
2015]

When measuring C-peptide and/or diabetes-specific autoantibody titres, take
into account that:

e autoantibody tests have their lowest false negative rate at the time of
diagnosis, and that the false negative rate rises thereafter

e C-peptide has better discriminative value the longer the test is done
after diagnosis

e with autoantibody testing, carrying out tests for 2 different diabetes-
specific autoantibodies reduces the false negative rate. [new 2015]

Advice to adults with type 1 diabetes should be provided by a range of
professionals with skills in diabetes care working together in a coordinated
approach. A common environment (diabetes centre) is an important resource
in allowing a diabetes multidisciplinary team to work and communicate
efficiently while providing consistent advice. [2004]

Provide adults with type 1 diabetes with:

e open-access services on a walk-in and telephone-request basis during
working hours

e ahelpline staffed by people with specific diabetes expertise on a 24-hour
basis

e contact information for these services. [2004]

Set up an individual care plan jointly agreed with the adult with type 1
diabetes, review it annually and modify it taking into account changes in the
person’s wishes, circumstances and medical findings, and record the details.
The plan should include aspects of:

National Clinical Guideline Centre, 2014
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10.

11.

12.

13.

14.

15.

diabetes education, including nutritional advice (see ‘Structured
education programmes’, Section 7.2, and ‘Dietary management’,
Section 7.3)

e insulin therapy, including dose adjustment (see ‘Insulin regimens’,
Section 9.2, and ‘Insulin delivery’, Section 9.3)

e self-monitoring (see ‘Self-monitoring of blood glucose’, Section 9).
e avoiding hypoglycaemia and maintaining awareness of hypoglycaemia

e for women of childbearing potential, family planning contraception and
pregnancy planning

e arterial risk factor surveillance and management (see ‘Arterial risk
control’, Chapter 14)

e complications surveillance and management (see ‘Management of
complications’, Chapter 16)

e means and frequency of communication with the diabetes professional
team

e follow-up consultations, including frequency of review of HbAlc levels
and experience of hypoglycaemia, and next annual review. [2004,
amended 2015]

Use population, practice-based and clinic diabetes registers (as specified by
the National service framework for diabetes) to assist programmed recall for
annual review and assessment of complications and vascular risk.[2004]

The multidisciplinary team approach should be available to inpatients with
type 1 diabetes, regardless of the reason for admission (see ‘Hospital
admission and intercurrent disease’, Section 15.1.6). [2004]

At the time of diagnosis and periodically thereafter, provide adults with type
1 diabetes with up-to-date information about diabetes support groups (local
and national), how to contact them and the benefits of membership. [2004]

Offer all adults with type 1 diabetes a structured education programme of
proven benefit, for example the DAFNE (dose-adjustment for normal eating)
programme. Offer this programme 6—12 months after diagnosis, at a time
that is clinically appropriate and suitable for the person. [new 2015]

Explain to adults with type 1 diabetes that structured education is an integral
part of diabetes care. [new 2015]

Provide an alternative of equal standard for a person unable or unwilling to
participate in group education. [new 2015]

Ensure that any structured education programme for adults with type 1
diabetes includes the following components®:

e |tis evidence-based, and suits the needs of the person.

e It has specific aims and learning objectives, and supports the person and
their family members and carers in developing attitudes, beliefs,
knowledge and skills to self-manage diabetes.

e |t has a structured curriculum that is theory-driven, evidence-based and
resource-effective, has supporting materials, and is written down.

d Components of a structured education programme adapted from the NICE quality standard on diabetes in adults.

National Clinical Guideline Centre, 2014
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

e Itis delivered by trained educators who have an understanding of
educational theory appropriate to the age and needs of the person,
and who are trained and competent to deliver the principles and
content of the programme.

e |tis quality assured, and reviewed by trained, competent, independent
assessors who measure it against criteria that ensure consistency.

e The outcomes are audited regularly. [new 2015]

Provide information about type 1 diabetes and its management to adults
with type 1 diabetes at all opportunities from diagnosis onwards. Follow the
principles in the NICE guideline on patient experience in adult NHS services.
[new 2015]

Consider the Blood Glucose Awareness Training (BGAT) programme for
adults with type 1 diabetes who are having recurrent episodes of
hypoglycaemia (see also Section 11). [new 2015]

Carry out more formal review of self-care and needs annually in all adults
with type 1 diabetes. Vary the agenda addressed each year according to the
priorities agreed between the healthcare professional and the adult with
type 1 diabetes. [2004, amended 2014]

Offer carbohydrate-counting training to adults with type 1 diabetes as part of
structured education programmes for self-management (see Structured
Education, section 7.2).[new 2015]

Consider carbohydrate-counting courses for adults with type 1 diabetes who
are waiting for a more detailed structured education programme or are
unable take part in a stand-alone structured education programme.[new
2015]

Do not advise adults with type 1 diabetes to follow a low glycaemic index diet
for blood glucose control.[new 2015]

Provide nutritional information sensitive to personal needs and culture from
the time of diagnosis of type 1 diabetes. [2004]

Provide nutritional information individually and as part of a diabetes
education programme (see Section 8.2). Include advice from professionals
with specific and approved training and continuing accredited education in
delivering nutritional advice to people with health conditions. Offer
opportunities to receive nutritional advice at intervals agreed between adults
with type 1 diabetes and their advising professionals. [2004]

Discuss the hyperglycaemic effects of different foods an adult with type 1
diabetes wishes to eat in the context of the insulin preparations chosen to
match those food choices. [2004]

Make programmes available to adults with type 1 diabetes to enable them to
make:

e optimal choices about the variety of foods they wish to consume

e insulin dose changes appropriate to reduce glucose excursions when
taking different quantities of those foods. [2004, amended 2015]

Agree the choice of content, timing and amount of snacks between meals or
at bedtime available to the adult with type 1 diabetes, based on informed
discussion about the extent and duration of the effects of eating different
food types and the insulin preparations available to match them. Modify
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27.

28.

29.

30.

31.

32.

33.

those choices based on discussion of the results of self-monitoring tests.
[2004]

Make information available on:

o effects of different alcohol-containing drinks on blood glucose excursions
and calorie intake

e use of high-calorie and high-sugar 'treats'. [2004, amended 2015]

Make information available about the benefits of healthy eating in reducing
arterial risk as part of dietary education in the period after diagnosis, and
according to need and interest at intervals thereafter. Include information
about fruit and vegetables, types and amounts of fat, and ways of making the
appropriate nutritional changes. [2004, amended 2015]

Modify nutritional recommendations to adults with type 1 diabetes to take
account of associated features of diabetes, including:

e excess weight and obesity
e underweight

e eating disorders

e hypertension

e renal failure. [2004]

Be aware of appropriate nutritional advice on common topics of concern and
interest to adults living with type 1 diabetes, and be prepared to seek advice
from colleagues with more specialised knowledge. Suggested common topics
include:

e body weight, energy balance and obesity management
e cultural and religious diets, feasts and fasts

o foods sold as ‘diabetic’

e sweeteners

o dietary fibre intake

e  protein intake

e vitamin and mineral supplements

e alcohol

e  matching carbohydrate, insulin and physical activity

e salt intake in hypertension

e comorbidities including nephropathy and renal failure, coeliac disease,
cystic fibrosis, or eating disorders

e use of peer support groups. [2004, amended 2015]

Offer dietary advice to adults with type 1 diabetes about issues other than
blood glucose control, such as weight control and cardiovascular risk
management, as indicated clinically. [new 2015]

Advise adults with type 1 diabetes that physical activity can reduce their
enhanced arterial risk in the medium and longer term. [2004]

Give adults with type 1 diabetes who choose to integrate increased physical
activity into a more healthy lifestyle information about:
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

e appropriate intensity and frequency of physical activity
e role of self-monitoring of changed insulin and/or nutritional needs

o effect of activity on blood glucose levels (likely fall) when insulin levels
are adequate

o effect of exercise on blood glucose levels when hyperglycaemic and
hypoinsulinaemic (risk of worsening of hyperglycaemia and
ketonaemia)

e appropriate adjustments of insulin dosage and/or nutritional intake for
exercise and post-exercise periods, and the next 24 hours

e interactions of exercise and alcohol
e further contacts and sources of information. [2004]

Regard each adult with type 1 diabetes as an individual, rather than as a
member of any cultural, economic or health-affected group (see also
recommendations 22, 30 and 65 about the cultural preferences of individual
adults with type 1 diabetes). [2004, amended 2015]

Measure HbAlc levels every 3-6 months in adults with type 1 diabetes. [new
2015]

Consider measuring HbAlc levels more often if the person’s blood glucose
control is suspected to be changing rapidly; for example, if the HbA1lc level
has risen unexpectedly above a previously sustained target. [new 2015]

Calibrate HbA1c results according to International Federation of Clinical
Chemistry (IFCC) standardisation. [new 2015]

Inform adults with type 1 diabetes of their HbAlc results after each
measurement and ensure that their most recent result is available at the
time of consultation. Follow the principles in the NICE guideline on patient
experience in adult NHS services about communication. [new 2015]

Support adults with type 1 diabetes to achieve and maintain a target HbAlc
level of 48 mmol/mol (6.5%) or lower, to minimise the risk of long-term
vascular complications. [new 2015]

Agree an individualised HbAlc target with each adult with type 1 diabetes,
taking into account factors such as the person’s daily activities, aspirations,
likelihood of complications, comorbidities, occupation and history of
hypoglycaemia. [new 2015]

Ensure that achieving, or attempting to achieve, an HbAlc target is not
accompanied by problematic hypoglycaemia. [new 2015]

Diabetes services should document the proportion of adults with type 1
diabetes in a service who achieve an HbA1c level of 53 mmol/mol (7%) or
lower. [new 2015]

If HbAlc monitoring is invalid (because of disturbed erythrocyte turnover or
abnormal haemoglobin type), estimate trends in blood glucose control using
one of the following:

e fructosamine estimation
e quality-controlled plasma glucose profiles

e total glycated haemoglobin estimation (if abnormal haemoglobins).
[2004, amended 2015]
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44,

45.

46.

47.

48.

49.

50.

51.

52.

Advise routine self-monitoring of blood glucose levels for all adults with type
1 diabetes, and recommend testing at least 4 times a day, including before
each meal and before bed. [new 2015]

Support adults with type 1 diabetes to test at least 4 times a day, and up to
10 times a day if any of the following apply:

e the target for blood glucose control, measured by HbAlc level (see
recommendation 39), is not achieved

e the frequency of hypoglycaemic episodes increases

e thereis a legal requirement to do so (such as before driving, in line with
DVLA requirements)®

e during periods of illness
e before and after sport

e when planning pregnancy, during pregnancy and while breastfeeding
(see the NICE guideline on diabetes in pregnancy’)

e ifthereis a need to know blood glucose levels more than 4 times a day
for other reasons (for example, impaired awareness of
hypoglycaemia, high-risk activities). [new 2015]

Enable additional blood glucose testing (more than 10 times a day) for adults
with type 1 diabetes if this is necessary because of the person’s lifestyle (for
example, driving for a long period of time®, undertaking high-risk activity or
occupation, travel) or if the person has impaired awareness of
hypoglycaemia. [new 2015]

Advise adults with type 1 diabetes to aim for:
e  afasting plasma glucose level of 5-7 mmol/litre on waking and

e aplasma glucose level of 4-7 mmol/litre before meals at other times of
the day. [new 2015]

Advise adults with type 1 diabetes who choose to test after meals to aim for
a plasma glucose level of 5-9 mmol/litre. [new 2015]

Support adults with type 1 diabetes to make the best use of data from self-
monitoring of blood glucose through structured education (see
recommendations 12 and 14). [new 2015]

Teach self-monitoring skills at the time of diagnosis and initiation of insulin
therapy. [2004, amended 2015]

Carry out a structured assessment annually of self-monitoring skills, the
quality and use made of the results obtained and the equipment used.
Review self-monitoring skills as part of annual review, or more frequently
according to need, and reinforce them where appropriate. [2004, amended
2015]

Teach self-monitoring of blood glucose levels to adults with type 1 diabetes
as part of an integrated package that includes appropriate insulin regimens
and education to help choice and achievement of optimal diabetes control.
[2004, amended 2015]

e For further details about driving, see the DVLA guidance for people with type 1 diabetes.
f  This guideline is currently being updated (publication expected February 2015).
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53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Carry out a structured assessment of self-monitoring skills, the quality and
use made of the results and the equipment used. Review self-monitoring
skills as part of annual review, or more frequently according to need, and
reinforce them where appropriate. [2004, amended 2015]

Monitoring blood glucose using sites other than the fingertips cannot be
recommended as a routine alternative to conventional self-monitoring of
blood glucose. [2004, amended 2015]

Educate adults with type 1 diabetes about how to measure their blood
glucose level, interpret the results and know what action to take. [new 2015]

Do not offer real-time continuous glucose monitoring routinely to adults with
type 1 diabetes. [new 2015]

Consider real-time continuous glucose monitoring for adults with type 1

diabetes who are willing to commit to using it at least 70% of the time and to
calibrate it as needed, and who have any of the following that persist despite
optimised use of insulin therapy and conventional blood glucose monitoring:

e more than 1 episode a year of severe hypoglycaemia with no obviously
preventable precipitating cause

e complete loss of awareness of hypoglycaemia

e frequent (more than 2 episodes a week) asymptomatic hypoglycaemia
that is causing problems with daily activities

e extreme fear of hypoglycaemia. [new 2015]

For people who are having continuous glucose monitoring, use the principles
of flexible insulin therapy with either a multiple daily injection insulin
regimen or continuous subcutaneous insulin infusion (CSIl or insulin pump)
therapy. [new 2015]

Continuous glucose monitoring should be provided by a centre with expertise
in its use, as part of strategies to optimise a person’s HbA1lc levels and reduce
the frequency of hypoglycaemic episodes. [new 2015]

Offer multiple daily injection basal-bolus insulin regimens, rather than twice-
daily mixed insulin regimens, as the insulin injection regimen of choice for all
adults with type 1 diabetes. [new 2015]

Do not offer non-basal-bolus insulin regimens for treating adults newly
diagnosed with type 1 diabetes. [new 2015]

Offer twice-daily insulin detemir as basal insulin therapy for adults with type
1 diabetes. [new 2015]

Consider, as an alternative basal insulin therapy for adults with type 1
diabetes:

e an existing insulin regimen being used by the person that is achieving
their agreed targets

e once-daily insulin glargine if insulin detemir is not tolerated or if twice-
daily basal insulin injection is not acceptable to the person. [new
2015]

For guidance on the use of continuous subcutaneous insulin infusion (CSII or
insulin pump) therapy for adults with type 1 diabetes, see Continuous
subcutaneous insulin infusion for the treatment of diabetes mellitus (NICE
technology appraisal guidance 151). [new 2015]
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65.

66.

67.

68.

69.

70.

71.

72.

74.

75.

76.

77.

78.

Discuss and respect cultural preferences in agreeing the insulin regimen for
an adult with type 1 diabetes. [2004]

Offer rapid-acting insulin analogues injected before meals, rather than rapid-
acting soluble human or animal insulins, for mealtime insulin replacement for
adults with type 1 diabetes. [new 2015]

Do not advise routine use of rapid-acting insulin analogues after meals. [new
2015]

If an adult with type 1 diabetes has a strong preference for an alternative
mealtime insulin, respect their wishes and offer the preferred insulin.[new
2015]

Consider a twice-daily human mixed insulin regimen for adults with type 1
diabetes if a multiple daily injection basal-bolus insulin regimen is not
possible and a twice-daily mixed insulin regimen is chosen. [new 2015]

Consider a trial of a twice-daily analogue mixed insulin regimen if a person
using a twice-daily human mixed insulin regimen has hypoglycaemia that
affects their quality of life. [new 2015]

For adults with erratic and unpredictable blood glucose control
(hyperglycaemia and hypoglycaemia at no consistent times), rather than a
change in a previously optimised insulin regimen, the following should be
considered:

e injection technique

e injection sites

e self-monitoring skills

e knowledge and self-management skills

e nature of lifestyle

e psychological and psychosocial difficulties

® possible organic causes such as gastroparesis. [2004, amended 2015]

Give clear guidelines and protocols (‘sick-day rules’) to all adults with type 1
diabetes to help them to adjust insulin doses appropriately during periods of
illness. [2004]

Consider adding metformin to insulin therapy if an adult with type 1 diabetes
and a BMI of 25 kg/m’ or above wants to improve their blood glucose control
while minimising their effective insulin dose. [new 2015]

Offer needles of different lengths to adults with type 1 diabetes who are
having problems such as pain, local skin reactions and injection site leakages.
[new 2015]

If possible, choose needles with the lowest acquisition cost to use with pre-
filled and reusable insulin pen injectors. [new 2015]

Advise adults with type 1 diabetes to rotate insulin injection sites and to
avoid repeated injections at the same point within sites. [new 2015]

Adults with type 1 diabetes who inject insulin should have access to the
insulin injection delivery device they find allows them optimal wellbeing,
often using one or more types of insulin injection pen. [2004]
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79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Provide adults with type 1 diabetes who have special visual or psychological
needs with injection devices or needle-free systems that they can use
independently for accurate dosing. [2004]

Provide adults with type 1 diabetes with suitable containers for collecting
used needles. Arrangements should be available for the suitable disposal of
these containers. [2004]

Check injection site condition at least annually and if new problems with
blood glucose control occur. [2004, amended 2015]

Consider referring adults with type 1 diabetes who have recurrent severe
hypoglycaemia that has not responded to other treatments (see Section 11)
to a centre that assesses people for islet and/or pancreas transplantation.
[new 2015]

Consider islet or pancreas transplantation for adults with type 1 diabetes
with suboptimal diabetes control who have had a renal transplant and are
currently on immunosuppressive therapy. [new 2015]

Assess awareness of hypoglycaemia in adults with type 1 diabetes at each
annual review. [new 2015]

Use the Gold score or Clarke score to quantify awareness of hypoglycaemia in
adults with type 1 diabetes, checking that the questionnaire items have been
answered correctly. [new 2015]

Explain to adults with type 1 diabetes that impaired awareness of the
symptoms of plasma glucose levels below 3 mmol/litre is associated with a
significantly increased risk of severe hypoglycaemia. [new 2015]

Ensure that adults with type 1 diabetes with impaired awareness of
hypoglycaemia have had structured education in flexible insulin therapy
using basal-bolus regimens and are following its principles correctly. [new
2015]

Offer additional education focusing on avoiding and treating hypoglycaemia
to adults with type 1 diabetes who continue to have impaired awareness of
hypoglycaemia after structured education in flexible insulin therapy. [new
2015]

Avoid relaxing individualised blood glucose targets as a treatment for adults
with type 1 diabetes with impaired awareness of hypoglycaemia. [new 2015]

Review insulin regimens and doses and prioritise strategies to avoid
hypoglycaemia in adults with type 1 diabetes with impaired awareness of
hypoglycaemia, including:

e reinforcing the principles of structured education

e offering continuous subcutaneous insulin infusion (CSIl or insulin pump)
therapy

e offering real-time continuous glucose monitoring. [new 2015]

If impaired awareness of hypoglycaemia is associated with recurrent severe
hypoglycaemia despite these interventions, consider referring the person to
a specialist centre.[new 2015]

Explain to adults with type 1 diabetes that a fast-acting form of glucose is
needed for the management of hypoglycaemic symptoms or signs in people
who are able to swallow. [2004, amended 2015]
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93.

94.

95.

96.

97.

98.

Adults with type 1 diabetes with a decreased level of consciousness as a
result of hypoglycaemia and so are unable to take oral treatment safely
should be:

e given intramuscular glucagon by a family member or friend who has
been shown how to use it (intravenous glucose may be used by
healthcare professionals skilled in obtaining intravenous access)

e monitored for response at 10 minutes, and then given intravenous
glucose if their level of consciousness is not improving significantly

e then given oral carbohydrate when it is safe to administer it, and placed
under continued observation by a third party who has been warned
of the risk of relapse. [2004, amended 2015]

Explain to adults with type 1 diabetes that some hypoglycaemic episodes are
an inevitable consequence of insulin therapy in most people using any insulin
regimen, and that it is advisable that they should use a regimen that avoids
or reduces the frequency of hypoglycaemic episodes while maintaining as
optimal a level of blood glucose control as is feasible. Make advice available
to all adults with type 1 diabetes to assist in obtaining the best such balance
from any insulin regimen (see ‘Insulin regimens’ Section 10.2 and ‘Insulin
delivery’ Section 10.3). [2004]

If hypoglycaemia becomes unusually problematic or of increased frequency,
review the following possible contributory causes:

e inappropriate insulin regimens (incorrect dose distributions and insulin
types)

e meal and activity patterns, including alcohol

e injection technique and skills, including insulin resuspension

e injection site problems

e possible organic causes including gastroparesis

e changes in insulin sensitivity (including drugs affecting the renin-
angiotensin system and renal failure)

e psychological problems
e previous physical activity
o lack of appropriate knowledge and skills for self-management. [2004]

Manage nocturnal hypoglycaemia (symptomatic or detected on monitoring)

by:

e reviewing knowledge and self-management skills

e reviewing current insulin regimen, evening eating habits and previous
physical activity

e choosing an insulin type and regimen that is less likely to induce low
glucose levels at night. [2004, amended 2015]

Explain to adults with type 1 diabetes that late postprandial hypoglycaemia
may be managed by eating snacks between meals or by using rapid-acting
insulin analogues before meals. [2004]

If early cognitive decline occurs in adults on long-term insulin therapy,
supplement normal investigations by the consideration or investigation of
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99.

100.

101.

102.

possible brain damage resulting from overt or covert hypoglycaemia, and the
need to ameliorate this. [2004]

Consider ketone monitoring (blood or urine) as part of ‘sick-day rules’ for
adults with type 1 diabetes, to facilitate self-management of an episode of
hyperglycaemia. [new 2015]

In adults with type 1 diabetes presenting to emergency services, consider
capillary blood ketone testing if :

e DKA is suspected or

e the person has uncontrolled diabetes with a period of iliness, and urine
ketone testing is positive. [new 2015]

Consider capillary blood ketone testing for inpatient management of DKA in
adults that is incorporated into a formal protocol. [new 2015]

Professionals managing DKA in adults should be adequately trained, including
regular updating, and be familiar with all aspects of its management which
are associated with mortality and morbidity. These topics should include:

o fluid balance

e  acidosis

e cerebral oedema

e electrolyte imbalance

e disturbed interpretation of familiar diagnostic tests (white cell count,
body temperature, ECG)

e respiratory distress syndrome

e cardiac abnormalities

e  precipitating causes

e infection management, including opportunistic infections
e gastroparesis

e use of high dependency and intensive care units

e recommendations 103 to 110 in this guideline.

Management of DKA in adults should be in line with local clinical governance. [2004]

103.

104.

105.
106.

107.

108.

For primary fluid replacement in adults with DKA, use isotonic saline, not
given too rapidly except in cases of circulatory collapse. [2004]

Do not generally use bicarbonate in the management of DKA in adults. [2004,
amended 2015]

Give intravenous insulin by infusion to adults with DKA. [2004]

In the management of DKA in adults, once the plasma glucose concentration
has fallen to 10-15 mmol/litre, give glucose-containing fluids (not more than
2 litres in 24 hours) in order to allow continued infusion of insulin at a
sufficient rate to clear ketones (for example, 6 units/hour monitored for
effect). [2004, amended 2015]

Begin potassium replacement early in DKA in adults, with frequent
monitoring for the development of hypokalaemia. [2004]

Do not generally use phosphate replacement in the management of DKA in
adults. [2004, amended 2015]
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109.

110.

111.

112.

113.

114.

115.

116.

117.

118.
119.

120.

In adults with DKA whose conscious level is impaired, consideration should
be given to inserting a nasogastric tube, monitoring urine production using a
urinary catheter and giving heparin. [2004]

To reduce the risk of catastrophic outcomes in adults with DKA, ensure that
monitoring is continuous and that review covers all aspects of clinical
management at frequent intervals. [2004, amended 2015]

In adults with type 1 diabetes who have a low BMI or unexplained weight
loss, assess markers of coeliac disease. [2004]

Be alert to the possibility of the development of other autoimmune disease
in adults with type 1 diabetes (including Addison’s disease and pernicious
anaemia). For advice on monitoring for thyroid disease, see recommendation
150. [2004, amended 2015]

Do not offer aspirin for the primary prevention of cardiovascular disease to
adults with type 1 diabetes.[new 2015]

Assess arterial risk factors annually, including:

e albuminuria

e smoking

e  blood glucose control

e blood pressure

o full lipid profile (including HDL and LDL cholesterol and triglycerides)
e age

e family history of arterial disease

e abdominal adiposity. [2004, amended 2015]

For guidance on tools for assessing risk of cardiovascular disease in adults
with type 1 diabetes, see recommendation 1.1.9 in the NICE guideline on
lipid modification. [new 2015]

For guidance on the primary prevention of cardiovascular disease in adults
with type 1 diabetes, see recommendations 1.3.23 to 1.3.25 in the NICE
guideline on lipid modification. [new 2015]

Give adults with type 1 diabetes who smoke advice on smoking cessation and
use of smoking cessation services, including NICE guidance-recommended
therapies. Reinforce these messages annually for people who currently do
not plan to stop smoking, and at all clinical contacts if there is a prospect of
the person stopping. [2004]

Advise young adult non-smokers never to start smoking. [2004]

Provide intensive management for adults who have had myocardial infarction
or stroke, according to relevant non-diabetes guidelines. In the presence of
angina or other ischaemic heart disease, beta-adrenergic blockers should be
considered. (For use of insulin in these circumstances, see Section 15). For
guidance on secondary prevention of myocardial infarction, see the NICE
guideline on MI — secondary prevention. [2004, amended 2015]

Intervention levels for recommending blood pressure management should be
135/85 mmHg unless the adult with type 1 diabetes has albuminuria or 2 or
more features of the metabolic syndrome, in which case it should be 130/80
mmHg. See also recommendations 164-166 in Chapter 16.6. [2004]
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121.

122.

123.

124.

125.

126.

127.

128.

129.

To allow informed choice by the person with hypertension, discuss the
following with them:

e reasons for choice of intervention level

e substantial potential gains from small improvements in blood pressure
control

e possible negative consequences of therapy.
See also recommendations 164-165 in Section 16.5.36 [2004, amended 2015]

Start a trial of a renin-angiotensin system blocking drug as first-line therapy
for hypertension in adults with type 1 diabetes. [2004, amended 2015]

Provide information to adults with type 1 diabetes on the potential for
lifestyle changes to improve blood pressure control and associated
outcomes, and offer assistance in achieving their aims in this area. [2004]

Do not allow concerns over potential side effects to inhibit advising and
offering the necessary use of any class of drugs, unless the side effects
become symptomatic or otherwise clinically significant. In particular:

e do not avoid selective beta-adrenergic blockers where indicated in adults
on insulin

e |ow-dose thiazides may be combined with beta-blockers

e when calcium channel antagonists are prescribed, use only long-acting
preparations

e use direct questioning to detect the potential side effects of erectile
dysfunction, lethargy and orthostatic hypotension with different drug
classes. [2004, amended 2015]

For guidance on blood pressure management in adults with type 1 diabetes
and evidence of renal involvement, see recommendations 1.6.2-1.6.4 in the
NICE guideline on Chronic kidney disease [new 2015]

Aim for a target plasma glucose level of 5-8 mmol/litre for adults with type 1
diabetes during surgery or acute illness. [new 2015]

Establish a local protocol for controlling blood glucose levels in adults with
type 1 diabetes during surgery or acute illness to achieve the target level.
[new 2015]

Use intravenous in preference to subcutaneous insulin regimens for adults
with type 1 diabetes:

e if the person is unable to eat or is predicted to miss more than 1 meal or

e if an acute situation is expected to result in unpredictable blood glucose
levels - for example, major surgery, high-dose steroid treatment,
inotrope treatment or sepsis or

e if insulin absorption is expected to be unpredictable, for example
because of circulatory compromise. [new 2015]

Consider continuing the person’s existing basal insulin regimen (including
basal rate if they are using continuous subcutaneous insulin infusion [CSII or
insulin pump] therapy) together with protocol-driven insulin delivery for
controlling blood glucose levels in adults with type 1 diabetes during surgery
or acute illness. [new 2015]
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130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Use subcutaneous insulin regimens (including rapid-acting insulin before
meals) if an adult with type 1 diabetes and acute illness is eating. [new 2015]

Enable adults with type 1 diabetes who are hospital inpatients to self-
administer subcutaneous insulin if they are willing and able and it is safe to
do so. [new 2015]

From the time of admission, the adult with type 1 diabetes and the team
caring for him or her should receive, on a continuing basis, advice from a
trained multidisciplinary team with expertise in diabetes. [2004]

Throughout the course of an inpatient admission, respect the personal
expertise of adults with type 1 diabetes (in managing their own diabetes) and
routinely integrate this into ward-based blood glucose monitoring and insulin
delivery. [2004, amended 2015]

Throughout the course of an inpatient admission, the personal knowledge
and needs of adults with type 1 diabetes regarding their dietary
requirements should be a major determinant of the food choices offered to
them, except when illness or medical or surgical intervention significantly
disturbs those requirements. [2004]

Members of care teams caring for adults with type 1 diabetes in institutions,
such as nursing homes, residential homes and prisons, should follow the
recommendations in this section. [2004]

Provide optimal insulin therapy, which can be achieved by the use of
intravenous insulin and glucose, to all adults with type 1 diabetes with
threatened or actual stroke. Critical care and emergency departments should
have a protocol for such management. [2004, amended 2015]

Consider domperidone® (in preference to metoclopramide) for treating
gastroparesis” in adults with type 1 diabetes. [new 2015]

Consider continuous subcutaneous insulin infusion (CSIl or insulin pump)
therapy for adults with type 1 diabetes who have gastroparesis. [new 2015]

Advise a small-particle-size diet (mashed or pureed food) for symptomatic
relief for adults with type 1 diabetes who have vomiting caused by
gastroparesis. [new 2015]

Refer adults with type 1 diabetes who have gastroparesis for specialist advice
if the interventions in recommendations 138 and 139 are not beneficial or
not appropriate. [new 2015]

Offer men with type 1 diabetes the opportunity to discuss erectile
dysfunction as part of regular review. [2015]

Offer a phosphodiesterase-5 inhibitor to men with type 1 diabetes with
isolated erectile dysfunction unless contraindicated. Choose the
phosphodiesterase-5 inhibitor with the lowest acquisition cost. [new 2015]

Consider referring men to a service offering further assessment and other
medical, surgical or psychological management of erectile dysfunction if

g Although this use is common in UK clinical practice, at the time of consultation (December 2014), domperidone did not
have a UK marketing authorisation for this indication. The prescriber should follow relevant professional guidance,
taking full responsibility for the decision. Informed consent should be obtained and documented. See the General
Medical Council’s Prescribing guidance: prescribing unlicensed medicines for further information.

h  Diagnosis of gastroparesis needing specific therapy can only be made in the absence of hyperglycaemia at the time of
testing, because hyperglycaemia induces a physiological delay in gastric emptying.
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144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

phosphodiesterase-5 inhibitor treatment is unsuccessful or contraindicated.
[2015]

Reassure adults with type 1 diabetes that acute painful neuropathy resulting
from rapid improvement of blood glucose control is a self-limiting condition
that improves symptomatically over time. [new 2015]

Do not relax diabetes control to address acute painful neuropathy resulting
from rapid improvement of blood glucose control in adults with type 1
diabetes. [new 2015]

If simple analgesia does not provide sufficient pain relief for adults with type
1 diabetes who have acute painful neuropathy resulting from rapid
improvement of blood glucose control, offer treatment as described in the
NICE guideline on neuropathic pain — pharmacological management. Simple
analgesia may be continued until the effects of additional treatments have
been established. [new 2015]

When offering medicines for managing acute painful neuropathy resulting
from rapid improvement of blood glucose control to adults with type 1
diabetes, be aware of the risk of dependency associated with opioids. [new
2015]

Explain to the person that the specific treatments for acute painful
neuropathy resulting from rapid improvement of blood glucose control:

e have the aim of making the symptoms tolerable until the condition
resolves

e may not relieve pain immediately and may need to be taken regularly for
several weeks to be effective. [new 2015]

Use of simple analgesics (paracetamol, aspirin) and local measures (bed
cradles) are recommended as a first step, but if trials of these measures are
ineffective, discontinue them and try other measures. [2004]

Measure blood thyroid-stimulating hormone (TSH) levels in adults with type
1 diabetes at annual review. [new 2015]

Start eye screening for adults newly diagnosed with type 1 diabetes from
diagnosis. [2004]

Depending on the findings, follow structured eye screening by:
e routine review in 1 year or

e earlier review or

e referral to an ophthalmologist [2004]

Explain the reasons and success of eye screening systems to adults with type
1 diabetes, so that attendance is not reduced by lack of knowledge or fear of
outcome. [2004]

Implement digital retinal photography for eye screening programmes for
adults with type 1 diabetes. [2004]

Use mydriasis with tropicamide when photographing the retina, after prior
agreement with the adult with type 1 diabetes after discussion of the
advantages and disadvantages, including appropriate precautions for driving.
[2004]

Make visual acuity testing a routine part of eye screening programmes.
[2004, amended 2015]
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157.

158.

159.

160.

161.

162.

163.

Ensure that emergency review by an ophthalmologist occurs for:
e sudden loss of vision

e rubeosis iridis

e  pre-retinal or vitreous haemorrhage

e retinal detachment [2004, amended 2015]

Ensure that rapid review by an ophthalmologist occurs for new vessel
formation. [2004, amended 2015]

Refer to an ophthalmologist for:
o referable maculopathy:

i. exudate or retinal thickening within 1 disc diameter of the centre of the
fovea

ii. circinate or group of exudates within the macula (the macula is defined
here as a circle centred on the fovea, of a diameter the distance
between the temporal border of the optic disc and the fovea)

iii. any microaneurysm or haemorrhage within 1 disc diameter of the centre
of the fovea, only if associated with a best visual acuity of 6/12 or
worse

e referable pre-proliferative retinopathy:

i. anyvenous beading

ii. any venous reduplication

iii. any intraretinal microvascular abnormalities (IRMA)
iv. multiple deep, round or blot haemorrhages

(if cotton wool spots are present, look carefully for the above features, but
cotton wool spots themselves do not define pre-proliferative
retinopathy)

e any large sudden unexplained drop in visual acuity. [2004, amended
2015]

For guidance on managing kidney disease in adults with type 1 diabetes, see
the NICE guideline on chronic kidney disease. [new 2015]

Ask all adults with type 1 diabetes with or without detected nephropathy to
bring in the first urine sample of the day (‘early morning urine’) once a year.
Send this for estimation of albumin:creatinine ratio. Estimation of urine
albumin concentration alone is a poor alternative. Serum creatinine should
be measured at the same time. [2004]

Suspect other renal disease:

e inthe absence of progressive retinopathy

o if blood pressure is particularly high

e if proteinuria develops suddenly

e if significant haematuria is present

e in the presence of systemic ill health. [2004]

Discuss the significance of a finding of albuminuria with the person
concerned. [2004, amended 2015]
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164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Start angiotensin-converting enzyme (ACE) inhibitors and, with the usual
precautions, titrate to full dose in all adults with confirmed nephropathy
(including those with low-level albuminuria [microalbuminuria] alone) and
type 1 diabetes. [2004]

If ACE inhibitors are not tolerated, substitute angiotensin 2 receptor
antagonists. Combination therapy is not recommended. [2004, amended
2015]

Maintain blood pressure below 130/80 mmHg by addition of other anti-
hypertensive drugs if necessary. [2004]

Advise adults with type 1 diabetes and nephropathy about the advantages of
not following a high-protein diet. [2004]

Referral criteria for tertiary care should be agreed between local diabetes
specialists and nephrologists. [2004]

For guidance on managing foot problems in adults with type 1 diabetes, see
the NICE guideline on diabetic foot problems. [new 2015]

In adults with type 1 diabetes who have unexplained diarrhoea, particularly
at night, the possibility of autonomic neuropathy affecting the gut should be
considered. [2004]

Take care when prescribing antihypertensive medicines not to expose people
to the risks of orthostatic hypotension as a result of the combined effects of
sympathetic autonomic neuropathy and blood pressure lowering medicines.
[2004]

In adults with type 1 diabetes who have bladder emptying problems,
investigate the possibility of autonomic neuropathy affecting the bladder,
unless other explanations are adequate. [2004]

When managing the symptoms of autonomic neuropathy, include standard
interventions for the manifestations encountered (for example, for abnormal
sweating and postural hypotension). [2004, amended 2015]

Anaesthetists should be aware of the possibility of parasympathetic
autonomic neuropathy affecting the heart in adults with type 1 diabetes who
are listed for procedures under general anaesthetic and who have evidence
of somatic neuropathy or other manifestations of autonomic neuropathy.
[2004]

For guidance on treating chronic diabetic neuropathy, see the NICE guideline
on neuropathic pain — pharmacological management.[new 2015]

At the time of diagnosis (or if necessary after the management of critically
decompensated metabolism), the diabetes professional team should develop
with and explain to the adult with type 1 diabetes a plan for their early care.
To agree such a plan will generally require:

e medical assessment to:

i. ensure security of diagnosis of type of diabetes

ii. ensure appropriate acute care is given when needed

iii. review and detect potentially confounding disease and medicines
iv. detect adverse vascular risk factors

e environmental assessment to understand:
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i. the social, home, work and recreational circumstances of the individual
and carers

ii. their preferences in nutrition and physical activity
iii. other relevant factors, such as substance use

e cultural and educational assessment to identify prior knowledge and to
enable optimal advice and planning about:

i. treatment modalities
ii. diabetes education programmes

e assessment of emotional state to determine the appropriate pace of
education.

The results of the assessment should be used to agree a future care plan. Some items
of the initial diabetes assessment:

e acute medical history

social, cultural and educational history/lifestyle review
e complications history/symptoms

e |ong-term/recent diabetes history

e other medical history/systems

e family history of diabetes/arterial disease

e medication history/current medicines

e vascular risk factors

e smoking

e general examination

e weight/BMI

o foot/eye/vision examination

e urine albumin excretion/urine protein/serum creatinine
e psychological wellbeing

e attitudes to medicine and self-care

e immediate family and social relationships and availability of informal
support. [2004]

177.  Elements of an individualised and culturally appropriate plan will include:

e sites and timescales of diabetes education, including nutritional advice
(see ‘Structured education programmes’, Section 7.2, and ‘Dietary
management’, Section 7.3)

e initial treatment modalities, including guidance on insulin injection (see
'Insulin regimens', Section 9.2, and 'Insulin delivery', Section 9.3)

e means of self-monitoring and targets (see 'Self-monitoring of glucose
level', Section 14)

e symptoms, risk and treatment of hypoglycaemia

e management of special situations, such as driving
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178.

179.

180.

181.

e means and frequency of communication with the diabetes professional
team

e management of arterial risk factors (see Arterial risk control', Section 14)

e for women of childbearing potential, implications for pregnancy and
family planning advice

e follow-up consultations, including frequency of review of HbAlc levels
and experience of hypoglycaemia, and surveillance at annual review
(see Section 16) [2004, amended 2015]

After the initial plan is agreed, put arrangements in place to implement it
without inappropriate delay, and to provide for feedback and modification of
the plan over the ensuing weeks. [2004]

Members of diabetes professional teams providing care or advice to adults
with type 1 diabetes should be alert to the development or presence of
clinical or subclinical depression and/or anxiety, in particular if someone
reports or appears to be having difficulties with self-management. [2004]

Diabetes professionals should:

e ensure that they have appropriate skills in the detection and basic
management of non-severe psychological disorders in people from
different cultural backgrounds

e  be familiar with appropriate counselling techniques and drug therapy,
while arranging prompt referral to specialists of those people in
whom psychological difficulties continue to interfere significantly
with wellbeing or diabetes self-management.

See also the NICE guidelines on common mental health disorders,
generalised anxiety disorder and panic disorder (with or without
agoraphobia) in adults and depression in adults with a chronic health
problem. [2004, amended 2015]

Members of diabetes professional teams should be alert to the possibility of
bulimia nervosa, anorexia nervosa and insulin dose manipulation in adults
with type 1 diabetes with:

e over-concern with body shape and weight
e |low BMI
e  hypoglycaemia

e poor overall blood glucose control.

See also the NICE guideline on eating disorders. [2004, amended 2015]

182.

183.

The risk of morbidity from the complications of poor metabolic control
suggests that consideration should be given to early, and occasionally urgent,
referral of adults with type 1 diabetes to local eating disorder services. [2004]

Make provision for high-quality professional team support at regular intervals
with regard to counselling about lifestyle issues and particularly dietary
behaviour for all adults with type 1 diabetes from the time of diagnosis (see
‘Structured education programmes, Section 7.2 and Dietary management,
Section 7.3). [2004]
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4.4

Full list of research recommendations

10.

11.

12.

In adults with diabetes, are diagnostic tests (autoimmune markers and biochemical tests such as
urine C-peptide and urine C-peptide/creatinine ratio) useful for defining type 1 diabetes, and if
so, what is the optimal time in which they should be measured in order to make the diagnosis?

In adults with type 1 diabetes, are diagnostic tests (autoimmune markers and biochemical tests
such as urine C-peptide and urine C-peptide/creatinine ratio) good prognostic makers of the
complications associated with the 1 diabetes and its treatments?

Note: We exclude the use of these markers in trials of immune modulation therapy to alter the
course of type 1 diabetes, as this is not a current therapeutic option and the literature was not
reviewed by the GDG in this revision.

In adults with type 1 diabetes, what methods can be used to increase the uptake of structured
education programmes and to improve their clinical outcomes (particularly achieving and
sustaining blood glucose control targets)?

In adults with newly diagnosed type 1 diabetes, what is the optimal timing and method of
delivering structured education in terms of clinical and cost-effectiveness?

In adults with type 1 diabetes, what is clinical and cost effectiveness of bolus calculators used in
conjunction with self-monitoring blood glucose meters?

In adults with type 1 diabetes, what is the clinical and cost effectiveness of different types of diet
and dietary constituents, particularly in terms of the effect on insulin requirement and blood
glucose control?

What methods and interventions are effective in increasing the number of adults with type 1
diabetes who achieve the recommended HbAlc targets without risking severe hypoglycaemia or
weight gain?

Can a risk stratification tool be used to aid the setting of individualised HbA1lc targets for adults
with type 1 diabetes?

In adults with type 1 diabetes, is HbAlc measurement by laboratory analysis more cost-effective
compared to site of care HbAlc testing?

In adults with type 1 diabetes, what is the clinical and cost effectiveness of post-prandial blood
glucose monitoring?

In adults with type 1 diabetes who have chronically poor-control of blood glucose levels, what is
the clinical and cost effectiveness of continuous glucose monitoring technologies?

In adults with type 1 diabetes, what is the clinical and cost effectiveness of basal insulins with
longer action profiles compared to existing regimens, particularly in terms of dose adjustment for
flexible lifestyles, such as intermittent exercise or alcohol consumption, and their long term
safety data?
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

In adults with type 1 diabetes who have recently been diagnosed, what is the clinical and cost
effectiveness (particularly in terms of preservation of residual insulin secretion and other long-
term outcomes) of different intensities of glycaemic control (for example, inpatient intravenous
insulin management versus outpatient multiple daily dose insulin injection therapies)?

In adults with type 1 diabetes who have recently been diagnosed, what is the clinical and cost
effectiveness (particularly in terms of preservation of residual insulin secretion and other long-
term outcomes) of using basal-bolus insulin regimens?

In adults with type 1 diabetes, what modifications of rapid-acting insulin use (including but not
limited to timing of administration, and the nature of the insulin) could be employed to improve
glycaemic control around different meal compositions?

In adults with type 1 diabetes, what modifications of rapid-acting insulin (including timing of
administration and nature of the insulin) could be employed to improve glycaemic control
around different modalities of exercise?

In adults with type 1 diabetes and a BMI of 225 kg/m?, what is the clinical and cost effectiveness
of metformin as an adjunct to insulin, particularly in terms of glycaemic control and weight loss
(or reduction in weight gain)?

In adults with type 1 diabetes, what is the clinical and cost effectiveness of GLP-1 analogues and
other potential pharmacological adjuncts to insulin therapy?

In adults with type 1 diabetes, what is the optimum needle length and type for administration of
exogenous insulin in terms of clinical and cost effectiveness?

In adults with type 1 diabetes, what is the optimum injection site and injection site rotation
regimen in terms of clinical and cost effectiveness?

For adults with type 1 diabetes, what are the optimum technologies (such as insulin pump
therapy and/or continuous glucose monitoring, partially or fully automated insulin delivery, and
behavioural, psychological and educational interventions) and how are they best used, in terms
of clinical and cost effectiveness, for preventing and treating impaired awareness of
hypoglycaemia?

In adults with type 1 diabetes, what is the clinical and cost effectiveness (particularly in terms of
morbidity, reduction in admission rates, and length of stay) of using blood capillary ketone strips
compared to urine ketone strips for the management of DKA?

In adults with type 1 diabetes, what is the clinical and cost effectiveness (particularly in terms of
morbidity, reduction in admission rates, and length of stay) of using blood capillary ketone strips
compared to urine ketone strips for the prevention of DKA?

In adults with type 1 diabetes, what is the clinical and cost effectiveness (particularly in terms of
pre-empting admissions) of self-monitoring blood ketones compared to urine ketones?
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25.

26.

27.

28.

In adults with type 1 diabetes, what is the clinical and cost effectiveness of aspirin and other anti-
platelet agents who are at high risk for vascular disease (for example, smokers, those with renal
disease, those with other evidence of vascular disease)?

In adults with type 1 diabetes, what is the clinical and cost effectiveness (particularly in terms of
optimal blood glucose control, patient-reported outcomes and experience, length of stay, and
short-term complications) of closed loop insulin delivery systems and automated insulin dose
advisors during in-hospital care, and could the development of new systems and technologies
improve on current clinical outcomes?

In adults with type 1 diabetes, clinical and cost effective treatments for diabetic gastroparesis are
needed, together with further evidence for the clinical and cost effectiveness of existing
treatments such as dopamine antagonists, insulin pump therapy, and gastric electrical
stimulation.

What is the clinical and cost-effectiveness of constructing a national database and centralising
supervision of the management of adults with type 1 diabetes who have painful neuropathy of
rapid glycaemic control?

Key research recommendations

1.

What methods and interventions are effective in increasing the number of adults with type 1
diabetes who achieve the recommended HbAlc targets without risking severe hypoglycaemia or
weight gain?

In adults with type 1 diabetes who have chronically poor control of blood glucose levels, what is
the clinical and cost effectiveness of continuous glucose monitoring technologies?

. In adults with type 1 diabetes, what methods can be used to increase the uptake of structured

education programmes and to improve their clinical outcomes (particularly achieving and
sustaining blood glucose control targets)?

Can a risk stratification tool be used to aid the setting of individualised HbA1c targets for adults
with type 1 diabetes?

For adults with type 1 diabetes, what are the optimum technologies (such as insulin pump

therapy and/or continuous glucose monitoring, partially or fully automated insulin delivery, and
behavioural, psychological and educational interventions) and how are they best used, in terms of
clinical and cost effectiveness, for preventing and treating impaired awareness of hypoglycaemia?
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Diagnosis

The evidence and recommendations in this chapter have been fully updated by the 2015 guideline
development group. The content from the 2004 guideline, NICE CG15, which has been replaced by
this update can be found in Appendix S.

Introduction

The diagnosis of type 1 diabetes is usually made on clinical grounds. Type 1 diabetes is characterised
by severe insulin deficiency and by ketosis, as the circulating insulin concentrations are not even
sufficient to suppress lipolysis and ketogenesis. The type 1 patient generally has a shorter prodromal
illness than someone presenting with symptomatic type 2 diabetes and very often is losing weight
through increased micturition (due to an osmotic diuresis) and also loss of muscle and fat. Type 1
diabetes can present at any age, although, incidence peaks in early childhood (aged 6 months to

5 years) and again during puberty. Although most type 1 diabetes is autoimmune in aetiology

(type 1a); a proportion of type 1 diabetes patients lack any evidence of known markers of such a
process (type 1b).

Markers for type 1 diabetes include evidence of the autoimmune process against beta cell antigens.
These are typically autoantibodies, which, although not necessarily themselves pathogenic, indicate
an active immune process against the beta cells. Evidence for insulin secretory deficiency is also a
potential marker for type 1 diabetes, by definition insulin deficient, although, care must be taken in
interpreting such data as many adults with type 1 diabetes may retain residual insulin secretion for
many years.

The need to substantiate a diagnosis occurs when a clinical feature is atypical. Until recently, in
adults, this has most commonly been when the clinical picture is of type 2, but the patient lacks any
of the typical risk factors for type 2 at presentation, for example, has no family history, is slim, and
not of a high risk ethnicity. Here, evidence of the autoimmune process that underlies most type 1
diabetes may be sought, as knowing a patient is undergoing a type 1 process is likely to influence the
choice of therapy. Similarly, identifying an active autoimmune process against islet antigens may
influence treatment decisions in adults presenting with slowly evolving autoimmune diabetes, often
referred to as latent autoimmune diabetes of adults or LADA, and considered to be a form of type 1
diabetes. Increasingly, however, there are other reasons to wish to substantiate or refute a diagnosis
of type 1 diabetes more robustly. With the growing prevalence of obesity, type 1 diabetes may arise
in an overweight or obese person, and the clinician (as well as the patient) may seek extra evidence
for the underlying pathology, especially if the patient is considering surgical options for the obesity,
which may lead to remission of type 2, but not type 1, diabetes. A growing knowledge of single gene
defects causing diabetes has also changed the clinical picture, and although this is of more relevance
in the differential diagnosis of type 2 diabetes, there have been high profile cases of people with
‘type 1 diabetes’ diagnosed in the first six months of life later being found to have single gene defects
of beta cell glucose sensing and getting better control of their condition with non-injectable
therapies. Genetic testing is outside the scope of this guideline: instead, we have sought evidence for
the efficacy and limitations of seeking positive markers for the type 1 process — evidence of
autoimmunity and evidence of marked endogenous insulin secretory deficiency.

Looking to the future, precise knowledge of the autoimmune process involved in type 1 diabetes may
guide immunomodulatory therapies to alter the course of type 1 diabetes, but this is currently an
area of ongoing research.

The evidence and recommendations in this chapter have been fully updated by the 2015 guideline
development group. The content from the 2004 guideline, NICE CG15, which has been replaced by
this update can be found in Appendix S.
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Review question: In adults with diabetes, what is the best marker
(C-peptides plus or minus antibodies) to distinguish between a
diagnosis of type 1 diabetes, type 2 diabetes and other forms of
diabetes?

For full details see review protocol in Appendix C.

Table 7:  PICO characteristics of review question
Population Adults with all types of diabetes
e Adult is defined as 218 years

o Diabetes types are: type 1 diabetes, type 2 diabetes, latent autoimmune diabetes of
adulthood (LADA) and maturity onset diabetes of the young (MODY).

Diagnostic tests C-peptide
e Plasma C-peptide (stimulated)
e Urinary C-peptide
e Urinary C-peptide/creatinine ratio

Antibody tests:
e Anti-islet cell antibody (ICA)

e Anti-glutamic acid decarboxylase 65 antibody or anti-glutamic acid decarboxylase
antibody (GADA)

e Insulinoma-associated (IA-2) autoantibody
e Other (zinc transporter 8 (ZnT8); islet-specific glucose-6-phosphatase catalytic
subunit (IGRP), anti-ZnT8, anti-IA-2/ICA512
Outcomes e Presence of marker (no. or % of patients with marker)
e Concentration (titre) of marker
e Change in marker over time (no. or % of patients with marker)
e Change in concentration (titre) of marker over time

Study design Observational studies

Clinical evidence

We searched for studies that showed the presence of diagnostic markers (C-peptide and/or
antibodies) in young people and adults with different types of diabetes (type 1 diabetes, type 2
diabetes, LADA and MODY), with the aim of seeing which markers could be used to distinguish
between the types of diabetes and thus, aid diagnosis.

Sixty-two studies were included in the
review.
96,538,547,575,576,600,601,629-632,651,663,673,686,699,702,718,720,724,736,746,756,764,766 The included studies were a”
observational, and comprised both case-series (prospective or retrospective) and cross-sectional

studies. These studies were therefore not able to be combined in a meta-analysis or GRADE profile.

All studies were graded as Low quality (due to their study design). However, a summary of the quality

and limitations of these studies can be found in Appendix G. The study details and the full results
have been summarised in tables below (see Table 8 and Table 9). See also the study selection flow
chart in Appendix D, study evidence tables in Appendix G and exclusion list in Appendix K.

Results from studies have been categorised into the following age-groups:

e Adults (aged more than or equal to 18 years)
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e Mixed population: adults and young people (aged more than or equal to 11 years)

Due to the huge number of studies retrieved, the following exclusion criteria were applied to the
review (including sample size cut-off):

e Studies with mixed population of the following and no subgroup analyses of adults:
o All ages (children, young people and adults)

o Adults and young people with sample size of less than 50 (as we have many studies in adults
separately already)

e Studies in adults with a sample size of less than 50, if there are more than 20 adult studies
retrieved.

After assessing all of the evidence, the GDG decided that, because the prevalence of and the levels of
markers tend to diminish over time, the data from studies that only included newly diagnosed
patients (diagnosis made up to 1 year before the study) would be separated out from the studies
using a population with ‘established’ diabetes. This was done because it would give a better estimate
of the levels of each of the markers in the different types of diabetes patients. Additionally, this
would also be the most clinically relevant time to look at the levels of the markers (that is, to help
confirm the diagnosis).

There were 26 studies that included newly diagnosed diabetic patients (patients recruited within
1 year Of |n|t|a| diagnOSiS): 46,55,80,83,155,160,168,204,308,331,334,444,473,547,600,629-632,673,699,703,718,720,736,756,766 The

data for these studies has been summarised in 5.3.1.

Table 8: Summary of studies included in the review
Sample size and Reference/
Study population Follow-up Outcomes® study no.’
Adult studies
AGGARWAL n=34 suspected LADA, 6 months C-peptide 60
2010 n=66 classic type 2
diabetes
AMROUCHE n=100 type 2 diabetes n/a GAD, IA-2, ICA 100
2008
ANDERSEN n=406 type 1 diabetes, n/a C-peptide 318
2014 n=911 LADA
ARIKAN n=37 type 2 diabetes and n/a C-peptide, GAD 102
2005 n=17 LADA
ARSLAN n=52 type 1 diabetes n/a GAD, ICA 319
2014
BARKER n=1665 type 1 diabetes 1 and 5 years C-peptide 300
2014
BELL 2004 n=39 type 2 diabetes and n/a C-peptide 108
n=39 LADA
BODALSKA n=56 type 2 diabetes n/a C-peptide, GAD, IA-2 52
2006
BOTTAZZO n=4169 type 2 diabetes n/a GAD, IA-2, ICA, combi 41
2005
CASTLEDEN  n=2059 type 2 diabetes n/a GAD 92
2006
CERNA n=80 type 1 diabetes, n=70 n/a C-peptide, GAD, IA-2 34
2003 LADA, n=131 type 2
diabetes
CHOWTA n=168 type 2 diabetes n/a C-peptide 2
2010
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Sample size and Reference/
Study population Follow-up Outcomes® study no.”
DAVIES n=373 type 2 diabetes, n/a C-peptide, GAD, IA-2 88
2008 n=14 LADA
DAVIS 2003  FDS study: n=119 type 1 n/a GAD, IA-2, ICA 91
diabetes and n=427 type 2
diabetes
UKPDS study: n=333 type 2
diabetes
DESAI 2007 n=242 LADA 6 years GAD 40
HAMAGUC n=835 type 2 diabetes n/a C-peptide, GAD 125
HI 2004
HAMPE n=100 type 1 diabetes n/a GAD65 302
2013
HAWA 2013 n=114 type 1 diabetesand n/a GAD, IA-2A, ZnT8A 303
n=377 LADA
HILLMAN n=40 type 1 diabetes and 10-13 years C-peptide, GAD 4
2009 n=43 LADA (HUNT2 /3)
HOPE 2013 n=191 type 2 diabetes n/a UCPCR 320
HOSSzU n= 54 LADA, n=57 type 1 n/a C-peptide, GAD, |A-2, 12
2003 diabetes, n=190 type 2 ICA
diabetes
HUANG n=3062 (n=2798 type 2 n/a GAD, IA-2A, ZnT8 304
2013 diabetes and n=264 LADA)
HWANGBO n= 20 LADA, n=442 type 2 n/a C-peptide, GAD 11
2012 diabetes
KIM 2007 n=35 LADA, n=93 type 1 n/a C-peptide 14
diabetes (acute onset)
LEE 2011A n=174 type 2 diabetes 6 years C-peptide, GAD 89
LINDHOLM n=803 type 1 diabetes, n= n/a GAD 135
2004 3730 type 2 diabetes
(n=4956)
MAHADEB n=524 type 2 diabetes n/a GAD 305
2014
MAIOLI n= 251 LADA, n=2510type n/a GAD, IA-2 49
2010 2 diabetes
MARASCHI n=92 type 1 diabetes n/a GAD, C-peptide 306
N 2013
MCDONALD n=508 MODY n/a GAD, IA-2 85
2011
MONGE n=70 LADA, n=150 type 2 n/a C-peptide, GAD, ICA 115
2004 diabetes
MURAO n=57 LADA 5 years C-peptide, GAD, IA-2 128
2008
PASCHKE n=344 LADA n/a GAD, IA-2A, ICA, C- 307
2013 peptide
RADTKE n= 943 type 2 diabetes, n= n/a C-peptide, GAD 5
2009 106 LADA
ROGOWICZ n=56 LADA n/a GAD, IA-2A, ZnT8, ICA, 323
2014 C-peptide
ROH 2013 n=268 type 2 diabetes n/a GAD, C-peptide 308
SHISHIKURA n=138 type 2 diabetes n/a C-peptide 324
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Sample size and Reference/
Study population Follow-up Outcomes® study no.”
2014
SORGJERD n=120 type 1 diabetes and  10-13 years C-peptide, GAD, IA-2, 87
2012 n=120 LADA (HUNT2) ZnT8
n=147 TID and n=85 LADA
(HUNT3)
SZEPIETOW  n=19 LADA, n=186 type 2 n/a C-peptide, GAD 18
SKA 2012 diabetes
THANABALA n=247 type 1 diabetes, n/a C-peptide, GAD 43
SINGHAM n=322 type 2 diabetes,
2012 n=14 MODY (from the 2
groups )
TRABUCCI n=271 type 2 diabetes n/a GAD, IA-2, ZnT8 134
2012
VAZIRI 2010 n=47 LADA n/a GAD, ZnT8 131
VERMEULE n=655 type 1 diabetes n/a GADA, IA-2A, IA-2A, 250
N 2011 (n=262 adults) IAA, ZnT8, Combi.
VLAD 2004 n=268 type 2 diabetes n/a C-peptide, GAD 113
WILMOT n=430 type 1 diabetes n/a GAD, IA-2A 309
2013
YANG 2008 n=209 type 1 diabetesand n/a C-peptide, GAD 107
n=1296 type 2 diabetes
ZAMPETTI n=236 LADA and n=450 n/a GAD, IA-2A, ZnT8 310
2012 type 2 diabetes
ZHANG n=11 LADA, n=70 type 1 n/a C-peptide, GAD, |A-2, 98
2012A diabetes, n=21 type 2 ICA, Combi
diabetes
Mixed population: adult and young people studies
BESSER n=72 type 1 diabetes n/a C-Peptide 311
2011 Urinary C-
peptide/creatinine
ratio
BORG 2003  n=285 type 1 diabetes, 1 year GAD, IA-2, ICA, Combi 42
n=81 type 2 diabetes
BRUNOVA n=55 type 1 diabetes, n/a C-peptide, GAD 28
2002 n=137 type 2 diabetes
FAN 2013 n=187 type 2 diabetes n/a GAD, IAA, ICA 301
LAADHAR n=261 type 1 diabetes n/a C-peptide 30
2007
LU 2014 n=140 type 2 diabetes n/a C-peptide 321
MCDONALD n=98 type 1 diabetes n/a GAD, IA-2 85
2011
OTA 2005 n=101 type 1 diabetes n/a C-peptide, GAD, IA-2, 126
Combi
RAJALAKSH  n=150 type 1 diabetes, n/a C-peptide 322
Ml 2014 n=150 type 2 diabetes
SCHOLIN n=100 type 1 diabetes 12 months C-peptide, GAD, IA-2 144
2004
SCHOLIN n=362 type 1 diabetes n/a C-peptide, GAD, |A-2, 112
2004A ICA
SCHOLIN n=254 type 1 diabetes, 8 years C-peptide, GAD, IA-2 69
2004B n=30 type 2 diabetes
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Sample size and Reference/

Study population Follow-up Outcomes® study no.”
SCHOLIN n=78 type 1 diabetes 3 years C-peptide 93

2011

TRIDGELL n= 5,020 type 1 diabetes n/a GAD, IA-2, Combi 46

2011

WENZLAU n=506 type 1 diabetes 2.5to 12 years C-peptide, GAD, IA-2, 55

2010 ZnT8

(a) C-peptide was measured as fasting C-peptide in nearly all of the studies; combi is an abbreviation for combination
(b) Study number has been referred to throughout the results section, and appears in brackets within the tables of
numerical data, in order to easily identify the relevant studies and where the data has come from.

Outcomes

Due to the many studies retrieved from the literature search and included in the review, conference
abstracts were excluded.

There were no data reported in any of the studies for the following markers:
e |IGRP

5.3.1 Results for newly diagnosed patients (recruited within 1 year of initial diagnosis)

5.3.1.1 Adults
Table 9: Percentage of patients with diagnostic markers: studies in newly diagnosed adults (aged
more than or equal to 18 years)
Diagnostic marker, % patients who were Ab+ (reference no).

Fasting C-
Diabetes type peptide ICA GADA/GAD65+ IA-2/ICA512 ZnT8
Type 1 - 45.7% (98) 64.3% (98) 30% (98) -
diabetes ; - 41% (91) 18% (91) =

- 14% (12) 9% (12) 0% (12) -

- - 5.3% (107) - -

- - - 32% - IA-23A age 51% age 20-

20-29 years (250) 29 (250)
- - - 19% - IA-2BA age 39% age 30-
20-29 years (250) 39 (250)

Median % - 30% (14- 25% (5-64%) 18% (0-32%) 45% (39—
(range) 46%) 51%)
Type 2 - - 4% (91) 0.2% (91) -
diabetes - 26% (91b) 26% (91b) 8% (91b) -

= 3% (12) 2% (12) 0% (12) -

- 5.5% (41) 10% (41) 2.2% (41) -

- 4.8% (98) 9.5% (98) - -

- - 7.7% (134) 1.1% (134) 19% (134)

- - 1% (18) - -

- - 9% (107) - -

- - 6.4% (304) 1.96% (304) 1.99% (304)
Median % - 5% (3-26%) 7.7% (1-26%) 1.5% (0-8%) 10.5% (19%)
(range)
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Type 1 diabetes in adults

Diagnosis
I S N R R
- 36.4% (98) 100% (98) 27.3% (98) -
- - 63% (18) - -
- - - - 42% (131)
- 79.1% (307) 90.7% (307) 60.5% (307) -
- 42.8% (323) 83.9% (323) 62.5% (323) 33.0% (323)
Median % - 39.6% (33— 84.0% (63- 43.8% (27-63%) 37.5% (33-
(range) 43%) 100%) 42%)
MODY - - 1% (85) 0% (85) -
Median % - - 1% (85) 0% (85) -
(range)

Table 10: Titres of diagnostic markers: studies in newly diagnosed adults (aged more than or equal
to 18 years)

Type 1 diabetes 0.30 nM (300) -

LADA 1.1 ng/ml (323) 80 JDRF U in 522.3 U/mlin 19.1 U/mlin -
. ZnT8+ (323) ZnT8+ (323) ZnT8+ (323) -
20 JDRF U in 282.8 U/mlin 17.3 U/mlin
ZnT8- (323) ZnT8- (323) ZnT8- (323)

Table 11: Percentage of patients with combinations of diagnostic markers: studies in newly

ST0C 1epdn

diagnosed adults (aged more than or equal to 18 years)

Only GAD+

Only IA-2A+

Only ICA+

GAD+ and/or ICA+

Median % (range)
GAD+ and/or IA-2+

ZnT8+ and/or GAD+
ZnT8+ and/or IA-2A+
GAD+/IA-2+

Median % (range)
GAD+/ICA+

Median % (range)

14.3% (98)

4.3% (98)
7.1% (98)
75.7% (98)
62% (319)
68.9% (62 —76%)
74.3% (98)

3% (12)

8.6% (98)
5.8% (3-8.6%)
19% (12)

20% (98)

20% (19-20%)
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0% (12)

0.7% (134)
0.32 (304)
0.32% (0-0.7%)
0% (12)

0% (0%)
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7.6% (304)
7.7% (304)
3.2% (304)
2% (12)

2% (2%)
22% (12)

22% (22%)

1% (85)

1% (1%)



Type 1 diabetes in adults
Diagnosis

Diagnostic marker, %
(reference no.)

GAD+ /ZnT8+

Median % (range)
GAD+ /ZnT8-
IA-2+/ICA+

Median % (range)
IA-2+/ZnT8+

Median % (range)
IA-2A/ZnT8-
ICA/ZnT8+
ICA/ZNnT8-
GAD+/IA-2+/ICA+

Median % (range)
GAD+/IA-2+/ ZnT8+

Median % (range)
Antibody negative

Median % (range)

>1 positive (GADA+, |A-
2A+ or IAA+)

>1 positive (GADA+, IA-
2A+ or ZnT8+)

>2 positive (GADA+, IA-
2A+ and/or IAA+)

22 positive (GADA+, IA-
2A+ and/or ZnT8+)

1 positive (of GAD, ICA,
IA-2A)

2 positive (of GAD, ICA,
1A-2A)

Type of diabetes
Type 1 diabetes

2% (12)
4.3% (98)

3.2% (2-4%)

32% (12)
4.3% (98)

18% (4.3-32%)

21% (12)

18.6% (98)
19% (21-19%)
79% (250)

79% (250)

49% (250)

53% (250)

Study no. 250, all age groups:

e The prevalence of both IA-2BA and ZnT8 increased with the no. of conventional Abs present.

e The prevalence of both IA-2BA and ZnT8 decreased with age at diagnosis (particularly after age

20 years).

National Clinical Guideline Centre, 2014

Type 2 diabetes
1.5% (134)
0.20 (304)

0.85% (0.2 — 1.5%)

0% (12)

0% (0%)
0.4% (134)
0.26 (304)

0.33% (0.26-0.4%)
0% (12)

0(0)

1.1% (134)

0.49% (304)
0.80% (0.49-1.1%)
95% (12)

78% (134)

87% (78-95%)

85

LADA

84.2% (323)
84% (84%)
83.8% (323)
0% (12)

0% (0%)

47.3% (323)
47% (47%)
41.6% (323)
89.4% (323)
51.4% (323)
17% (12)

49% (307)
33% (17-49%)

0% (12)

0% (0%)

8.6% (304)

19% (307)

33% (307)

MODY



5.3.1.2

Type 1 diabetes in adults
Diagnosis

When testing for IA-2BA in addition to IAA, GADA and IA-2A, the percentage of patients who were
positive for more than or equal to 2 Abs increased from 51% to 56% (SS versus testing without the
additional Ab).

When testing for ZnT8 in addition to IAA, GADA and IA-2A, the percentage of patients who were
positive for more than or equal to 2 Abs increased from 51% to 63% (SS versus testing without the
additional Ab).

When testing for both IA-2BA and ZnT8 in addition to IAA, GADA and IA-2A, the percentage of
patients who were positive for more than or equal to 2 Abs increased from 51% to 65% (SS versus
testing without the additional Abs).

In patients with the same number of conventional Abs (positive for either 1 or 2 Abs) the
prevalence of IA-2BA and ZnT8 were highest when IA-2A was also present. Thus, ZnT8 was
preferentially (and IA-2BA almost exclusively) associated with |A-2A.

ZnT8A testing increased the fraction of double antibody-positive individuals more than IA-23A.
Random C-peptide did not vary according to ZnT8 or IA-2A status.
The prevalence of both IA-2BA and ZnT8 increased with the no. of conventional Abs present.

Replacing IAA by IA-2BA as a complement of GADA and IA-2A screening, resulted in lower
diagnostic sensitivity.

Table 12: Changes in markers over time - studies in newly diagnosed adults (aged more than or

equal to 18 years)

Diagnostic Type of diabetes

marker, %

(reference

no.) LADA Type 2 diabetes Type 1 diabetes

fC-Peptide Study no. 4 Study no. 4 Study no. 4

Baseline 0.58 nmol/litre - 0.22 nmol/litre

3 years 0.44 nmol/litre (SS change) - 0.12 nmol/litre (NS
change)

fC-Peptide Study no. 300 Study no. 300 Study no. 300

Baseline - - 0.30 nM

1 year - - 0.30 nM

5 years - - 0.17 nM

C-pep and C-peptide levels were SS lower in type 1 diabetes vs. LADA at clinical onset and after 3

GADA years.

Study no. 4 All the GADA IgG subclass levels decreased in the group of type 1 diabetes over time, but

more sustained in LADA patients over time.

Table 13: Changes in markers with age studies in newly diagnosed adults (aged more than or

equal to 18 years)

Type of diabetes Age groups 18-25 years, 26-35 years and 36-45 years (Study no. 98)
Type 1 diabetes % ICA+ decreased with increasing age: 61.5%, 29.2% and 16.7%

% IA-2+ decreased with increasing age: 38.5%, 20.8% and 16.7%
GADA+ overall increased with increasing age: 64.1%, 60%, 66.4%

Mixed population: adults and young people

Table 14: Percentage of patients with diagnostic markers: studies in mixed population of newly

diagnosed adults and young people (aged more than or equal to 11 years)
Diabetes type Diagnostic marker, % of patients who were Ab+ (reference no.)
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Type 1 diabetes in adults

Diagnosis
Type 1 diabetes 59.8% (144) 71.1 (144) 56.7 (144) -
- - 54% (42) 77% (42) 46% (42)
- - - 66% (112) 47% (112) -
- - - 24.5% (85) 94.5% (85) -
- - 62% (112) - - -
Median % 60 (54-62) 69 (25-77) 52 (46-95) -
(range)
Type 2 diabetes - - 15% (42) 21% (42) 15% (42) -
- 10.6% (301) 3.2% (301) 4.8% (301) - -
Median % - 10.6 (10.6) 9.1(3.2-15) 12.9 (4.8 - 21) 15 (15) -
(range)

Table 15: Titres of diagnostic markers: studies in mixed population of newly diagnosed adults and
young people

Type 2 Ketosis group:
diabetes  475.8 pmol/litre
(321)
Non-ketosis group:
348.2 pmol/litre
(321)

Table 16: Percentage of patients with combinations of diagnostic markers: studies in newly
diagnosed mixed population of adults and young people (aged more than or equal to
11 years)

GAD+ and/or IA-2+ 82% (85)

GAD+/IA-2+ - 17% (42) - -

10% (42) - - -

37.8% (85) - - -
Median % (range) 24.0 (10-38) 17 (17) - -
GAD+/ICA+ 21% (42) 17% (42) - -
IA-2+/ICA+ 3% (42) 11% (42) - -
GAD-/IA-2-/ICA- 19.7% (144) - - -

>1 positive (GADA+,  82% (250) - - -
IA-2A+ or IAA+)

>1 positive (GADA+,  51% (250) - - -
IA-2A+ or ZnT8+)

>2 positive (GADA+, 56% (250) - - -
IA-2A+ and/or IAA+)

>2 positive (GADA+,  63% (250) - - -
IA-2A+ and/or

National Clinical Guideline Centre, 2014
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5.3.1.3

Type 1 diabetes in adults

Diagnosis

ZnT8+)

Table 17: Change in markers over time. Studies in mixed population of newly diagnosed adults

and young people (aged more than or equal to 11 years)

Time intervals: baseline 3, 6, 9, 12, 15, 18, 24, 30 and 36 months (93)

o % fC-Peptide generally decreased over time: 0.24, 0.26, 0.31, 0.27,0.27, 0.19, 0.17,
0.16,0.12,0.19

Time intervals: baseline (at diagnosis) and 8 years follow-up (69)
%I|CA+ decreased over time: 64% to 24%

%|A-2+ decreased over time: 46% to 34%

%GADA+ decreased over time: 76% to 65%

%C-peptide 20.1 nmol/litre increased over time: 60% to 76%

%C-peptide <0.1 nmol/litre increased over time: 90% to 95%

Time intervals: baseline, 2.5 years and 12 years follow-up (55)

%C-peptide decreased over time: 100%, 85.7% and not given.
%GADA+ decreased over time: 95.2%, 85.7% and 11.5%
%I|A-2+ decreased over time: 90.5%, 90.5% and 4.9%

%ZnT8+ decreased over time: 85.7%, 76.2% and not given.

Time intervals: baseline, 2.5 years and 12 years follow-up (55)

%C-peptide decreased over time: 100%, 85.7% and not given.
%GADA+ decreased over time: 95.2%, 85.7% and 11.5%
%I|A-2+ decreased over time: 90.5%, 90.5% and 4.9%

%ZnT8+ decreased over time: 85.7%, 76.2% and not given.

Time intervals: baseline (at diagnosis) and 8 years follow-up (69)
e %C-peptide 0.1 nmol/litre was similar over time: 21% to 20%
e %C-peptide <0.1 nmol/litre was similar over time: 4% to 3%

Note: Number in brackets is the study number.

Adults (newly diagnosed and ‘established’ diabetes)

Table 18: Percentage of patients with diagnostic markers: studies in adults (aged more than or
equal to 18 years)

Type 1 100% (34) 50% (34) 15% (34)

diabetes - 45.7% (98) 64.3% (98) 30% (98) -
; - 41% (91) 18% (91) -
- - 59.7% (14) 17.6% (14) -
- 14% (12) 9% (12) 0% (12) -
- - 58.7%(43) - -
- - 51% (135) - -
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Type 1 diabetes in adults
Diagnosis

Diagnostic marker, % patients who were Ab+ (reference no.)

Fasting C-
Diabetes type peptide

Mean % 100%
Type 2 100% (34)
diabetes

rC-PEP 100% (43)

Mean % 100%

LADA 100% (34)

Mean % 100%

MODY rC-PEP 100% (43)
Mean % 100

ICA

26% (91b)
3% (12)
49% (100)
5.5% (41)
19.6% (52)
4.8% (98)
6.6% (125)

16.4%

33% (12)
36.4% (98)
79.1% (307)
42.8% (323)
47.8%

National Clinical Guideline Centre, 2014
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GADA/GAD65+
5.3% (107)
31.5% (102)

45% (302)

48% (306)
42.1%

0% (34)
4% (91)
26% (91b)
2% (12)
18% (100)
10% (41)
5.3% (52)
9.5% (98)
7.7% (134)
7% (92)
4.9% (49)
5.8% (135)
1% (18)
9% (107)
6.4% (304)
5.7% (305)
7.6%
100% (34)
26% (12)
100% (98)
63% (18)
90.7% (307)
83.9% (323)
77.2%
21%(43)
1% (85)

11

IA-2/1CA512

32% - IA-2BA
age 20-29 (250)

19% - I1A-2BA
age 20-29 (250)

18.8%

0.2% (91)
8% (91b)
0% (12)
42% (100)
2.2% (41)
5.3% (52)
1.1% (134)
1.96% (304)
2.9% (310)
7.1%

11% (34)
0% (12)
27.3% (98)
21% (49)
60.5% (307)
42% (310)
62.5% (323)
32.0%

0% (85)

0

ZnT8

51% age 20-
29 (250)

39% age 30-
39 (250)

45%

19% (134)

1.99% (304)
1.6% (210)
22.6%

42% (131)
32% (310)
33.0% (323)
35.7%



Type 1 diabetes in adults
Diagnosis

Table 19: Titres of diagnostic markers: studies in adults (aged more than or equal to 18 years)
Diagnostic marker, mean titre (reference no.)

Diabetes C-peptide (mainly IA-2/
type fasting) ICA GADA/GAD65+ ICA512 ZnT8
Type 1 63 pmol/litre (107) - 193 ng/ml (107) - -

diabetes rC-PEP
0.08 nmol/litre (43)

0.476 nmol/litre
(12)

0.55 - - - -
micrograms/litre (14
—acute)

0.4 ng/ml (98) - . - ;
0.30 nM (300) - - - -
- = 400 U/mL (302) - -

0.17 nmol/litre - = - R
(306)

0.04 nmol/litre
(318)

Type 2 1.05 pmol/ml (52) 36.2 JDF U (52) 89.3 AU (52) 36.2.AU -
diabetes (52)

593.2 pmol/litre
(18)

772 pmol/litre (107) 8 ng/ml (107)

rC-PEP : = = =
0.76 nmol/litre (43)

1.23 nmol/litre (12)
3.4 ng/ml (88)

2.2 WHO U -
(88)
0.97 nmol/litre (2) - 5 - -
0.53 nmol/litre - = - R
(115)
2.0 ng/ml (11) = - -
377 pmol/litre (5) 0.01 U (5) - -
0.7 nmol/litre (89) - - - -
rC-PEP 5.1 ng/ml - - - -
(108)
1.4 ng/ml (98) - . - -
= Ref 113

7.5% low titre

(<0.58 ng/ml - may be

type 1 diabetes)

57.8% normal titre

(0.58-2.7 ng/ml)

34.7% high titre

(>2.7 ng/ml)
- - 29.4 1U/litre (305) - -

fC-pep: 2.18 ng/ml - 0.07 U/ml (308) - -
(308)
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Type 1 diabetes in adults
Diagnosis

stim C-pep:
5.33 ng/ml (308)

LADA rC-PEP 1.0 ng/ml - - - -
(108)

0.63 nmol/litre (128 - = - _
A)

0.82 nmol/litre (128 - - - -
B)

0.83 nmol/litre (128 - - - -
Q)

126.4 pmol/ml (18) - = - _
609 pmol/litre (107) - 379 ng/ml (107) - -
0.53 nmol/litre (12) - =

3.4 ng/ml (88) - - 164 WHO U -
(88)

0.53 nmol/litre - - - i

(115)

0.83 - - - -
micrograms/litre

(14)

1.2 ng/ml (11) - - - -
0.4 ng/ml (98) - = - -
130 pmol/litre (5) - 0.54 U (5) - -
0.73 nmol/litre - - - -
(318)

1.1 ng/ml (323) 80 JDRF U in ZnT8+ 522.3 U/mlin 19.1 U/ml
i (323) ZnT8+ (323) in ZnT8+ i

20 JDRF U in ZnT8- 282.8 U/mlin (323)

(323) ZnT8- (323) 17.3 U/ml
in ZnT8-
(323)

MODY rC-PEP - = - -
0.49 nmol/litre (43)

Table 20: Titre of urinary-C-peptide: studies in adults (aged more than or equal to 18 years)

e One study (Hamaguchi 2004)272 found that urinary C-peptide titre was lower in adults
with type 2 diabetes who were GAD+ compared with those who were GAD- (47.8
micrograms/day vs. 58.1 micrograms/day, respectively).

e One study (Hope 2014; 320) found that 13% of adults with type 2 diabetes had UCPCR,
<0.2 nmol/mmol

Table 21: Percentage of patients with combinations of diagnostic markers: studies in adults (aged
more than or equal to 18 years)

Only GAD+ 14.3% (98) -
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91

STOZ @epdn



Type 1 diabetes in adults

Diagnosis
Only IA-2A+ 4.3% (98) - -
- - 0% (128A)
- - 0% (128B)
- - 20% (128C)
Mean 4.3% - 6.7%
Only ICA+ 7.1% (98) - -
Only ZnT8+ - - -
GAD+ and/or ICA+ 75.7% (98) - -
62% (319) - -
Mean 68.9 = =
GAD+ and/or IA-2+ 74.3% (98) - -
- . 7.6% (304)
56% (309) - -
Mean 65.2 = 7.6%
ZnT8+ and/or GAD+ - - 7.7% (304)
ZnT8+ and/or IA-2A+ - - 3.2% (304)
GAD+/IA-2+ 3% (12) 0% (12) 2% (12)
8.6% (98) 0.7% (134) -
- 0.32 (304) -
14% (309) - -
Mean 8.5% 0.34% 2%
GAD+/ICA+ 19% (12) 0% (12) 22% (12)
20% (98) 0% (115) 43% (115)
Mean 19.5% 0% 32.5%
GAD+/ICA- - - 33% (115)
GAD-/ICA+ - - 10% (115)
GAD+ /ZnT8+ - 1.5% (134) -
- 0.20 (304) -
- - 84.2% (323)
Mean = 0.85 84.2
GAD+ /ZnT8- - - 83.8% (323)
IA-2+/ICA+ 2% (12) 0% (12) 0% (12)
4.3% (98) - -
Mean 3.2% 0% 0%
IA-2+/ZnT8+ - 0.4% (134) -
0.26 (304)
Mean - 0.33 =
IA-2A/ZnT8- - - 41.6% (323)
ICA+/ZnT8+ - - 89.4% (323)
ICA/ZnT8- - - 51.4% (323)
ICA-/GAD+ and/or |A-2+ = - -
ICA+/GAD- and/or |IA-2- - 5 5
GAD+/IA-2+/ ICA+ 32% (12) 0% (12) 17% (12)
4.3% (98) - -
- - 49% (307)
Mean 18.2% 0% 33%
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Type 1 diabetes in adults
Diagnosis

GAD+/IA-2+/ ZnT8+

Mean

1 positive (GADA+ or IA-
2A+)

>1 positive (GADA+, |A-
2A+ or IAA+)

>1 positive (GADA+, IA-
2A+ or ZnT8+)

>2 positive (GADA+, |A-
2A+ and/or IAA+)

>2 positive (GADA+, |A-
2A+ and/or ZnT8+)

1 positive (of GAD, ICA,
I1A-2A)

2 positive (of GAD, ICA,
IA-2A)

IA-2+/ GAD65-
Antibody negative

Mean

General

13.2% (303)

13.2%
42% (309)

79% (250)

79% (250)

49% (250)

53% (250)

21% (12)

18.6% (98)
44% (309)
27.8%

Study no. 250, all age groups:

e The prevalence of both IA-2BA and ZnT8 increased with the number of conventional Abs present.
e The prevalence of both IA-2BA and ZnT8 decreased with age at diagnosis (particularly after age

20 years).

e When testing for IA-2BA in addition to IAA, GADA and IA-2A, the percentage of patients who were
positive for more than or equal to 2 Abs increased from 51% to 56% (SS versus testing without the

additional Ab).

e When testing for ZnT8 in addition to IAA, GADA and |IA-2A, the percentage of patients who were
positive for more than or equal to 2 Abs increased from 51% to 63% (SS versus testing without the

additional Ab).

e When testing for both IA-2BA and ZnT8 in addition to IAA, GADA and IA-2A, the percentage of
patients who were positive for more than or equal to 2 Abs increased from 51% to 65% (SS versus
testing without the additional Abs).

e In patients with the same number of conventional Abs (positive for either 1 or 2 Abs) the
prevalence of IA-2BA and ZnT8 were highest when IA-2A was also present. Thus ZnT8 was

1.1% (134)

0.49% (304)
0.79%

95% (12)
78% (134)

86.5%

GAD65+ was SS
higher when ICA
was absent (100)

9.0% (303)

9.0%

8.6% (304)

19% (307)

33% (307)

0% (12)

0%

preferentially (and IA-2BA almost exclusively) associated with I1A-2A.

e ZnT8A testing increased the fraction of double antibody-positive individuals more than IA-23A.

e Random C-peptide did not vary according to ZnT8 or IA-2BA status.

e The prevalence of both IA-2BA and ZnT8 increased with the no. of conventional Abs present.

e Replacing IAA by IA-2BA as a complement of GADA and IA-2A screening resulted in lower

diagnostic sensitivity.
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Type 1 diabetes in adults
Diagnosis

Table 22: Changes in markers over time - studies in adults (aged more than or equal to 18 years)

GADA+ WHO U/ml
Baseline 100% (100) -

0.5 years 98% (100) 331 (100)
3 years 95% (100) 199 (100)
6 years 98% (100) 284 (100)
GADA+

Ref 100

Although the median titre rose at 6 years, patients who had high titres at 0.5 years remained high and those
that had low titres remained low at 3 and 6 years.

fC-Peptide ng/ml
Baseline - 0.39 (60) 1.54 (60)
6 months - 0.33 (60) 1.43 (60)

Ref (2)

Negative correlation btw
fC-peptide and duration
of diabetes (but NS)
Disease duration higher
in patients with less than
normal vs. more than
normal fC-peptide.

Ref (89)

fC-PEPTIDE
concentrations in the
GADA+ and GADA-
groups were similar at
baseline.

In GADA- group fC-
PEPTIDE did not change
significantly over time

In GADA+ group fC-
PEPTIDE declined over
time and became
significantly lower than
in the GADA- group at 1
year and thereafter.
F-C-PEPTIDE
concentrations were
similar at baseline in high
and low-titre GADA
subgroups (0.6 nmol/litre
and 0.7 nmol/litre
respectively)

After 3 years fC-PEPTIDE
became significantly
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Diagnostic
marker, %
(reference no.)

GADA, IA-2 and
ZnT8

C-PEPTIDE

fC-Peptide
Baseline
3 years

fC-Peptide
Baseline

1 year

5 years
C-peptide and
GADA

(Ref 4)

LADA

HUNT3 (87)

After 10-13 years 59% of LADA
(Ab+ cases) were now Ab- for all 3
Abs.

Less preserved C-pep levels in

LADA than type 2 diabetes (492 vs.

700.5)

Ref 4

0.58 nmol/litre

0.44 nmol/litre (SS change)

Study no. 300

lower in the HIGH titre
subgroup than the low
titre group.

Type 2 diabetes
HUNT3 (87)
No data reported

Better preserved C-pep
levels in type 2 diabetes
than LADA (700.5 vs.
492)

Ref 4

Study no. 300

Type 1 diabetes
HUNT3 (87)

After 10-13 years, only
6% of type 1 diabetes
were now Ab- for all 3
Abs

Ref 4

0.22 nmol/litre
0.12 nmol/litre (NS
change)

Study no. 300

0.30 nM

0.30 nM

0.17 nM

C-peptide levels were SS lower in type 1 diabetes vs. LADA at clinical onset and after 3

years.

All the GADA IgG subclass levels decreased in the group of type 1 diabetes over time, but
more sustained in LADA patients over time.

Table 23: Changes in markers with age studies in adults (aged more than or equal to 18 years)

Type 1
diabetes

Age groups 18-25, 26-35 and 36-45 (98)
e % ICA+ decreased with increasing age: 61.5%, 29.2% and 16.7%

e % |IA-2+ decreased with increasing age: 38.5%, 20.8% and 16.7%
e GADA+ overall increased with increasing age: 64.1%, 60%, 66.4%

Age groups 20-39, 40-59 and 260 (135)
® % GADA+ increased with increasing age: 62%, 74% and 83%

Type 2
diabetes

National Clinical Guideline Centre, 2014
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Adults and young people (newly diagnosed and ‘established’ diabetes)

Table 24: Percentage of patients with diagnostic markers: studies in mixed population of adults
and young people (aged more than or equal to 11 years)

Typel - 59.8% (144)  71.1(144) 56.7 (144)

diabetes - 54% (42) 77% (42) 46% (42)
- - - 59% (126) 37% (126) -
- - - 66% (112) 47% (112) -
- - - 24.5% (85) 94.5% (85) -
- - - 31% (28) - -
- - 34% (30) - - -
- - 62% (112) - - -

Mean % 52.5 54.8 56.2 -

Type2 - - 15% (42) 21% (42) 15% (42) -

diabetes  _ _ _ 6.6% (28) _ _
- 10.6% (301)  3.2% (301) 4.8% (301) - -

Mean % 10.6% 9.1% 10.8 15 -

Table 25: Titres of diagnostic markers: studies in mixed population of adults and young people
(aged more than or equal to 11 years)

Type 1 0.27 nmol/litre -
diabetes  (112)

0.295 nmol/litre
(144)

0.29 pmol/litre - - - -
(322)

Type 2 0.79 pmol/litre - - - -
diabetes  (322)

Ketosis group: - - - -
475.8 pmol/litre
(321)

Non-ketosis group:
348.2 pmol/litre
(321)

STOZ @epdn

Table 26: Percentage of patients with combinations of diagnostic markers: studies in mixed
population of adults and young people (aged more than or equal to 11 years)

Only GAD+ - - - -

Only IA-2A+ - - - -
Only ICA+ - - - -
Only ZnT8+ - - - -

National Clinical Guideline Centre, 2014
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Diagnostic marker, % Type of diabetes

(reference no.) Type 1 diabetes Type 2 diabetes LADA MODY
GAD+ and/or ICA+ - - - -
GAD+ and/or IA-2+ 68% (79) - - -
82% (85) - - -
Mean 75% - = -
GAD+/IA-2+ 21% (79) 17% (42) - -
10% (42) - - -
27% (126) - - -
37.8% (85) - - -
Mean 24.0% 17% - -
GAD+/ICA+ 21% (42) 17% (42) - -
GAD+/ICA- = = = =
GAD-/ICA+ - - - -
GAD+ /ZnT8+ - = - -
IA-2+/ICA+ 3% (42) 11% (42) - -
IA-2+/ZnT8+ - = - -
ICA+/ZnT8+ = = = =
ICA-/GAD+ and/or IA-  40% (79) - - .
2+
ICA+/GAD- and/or IA-2- 6% (79) - - -
GAD+/IA-2+/ ICA+ 9% (79) - - -
GAD-/IA-2-/ICA- 19.7% (144) - - -
GAD+/IA-2+/ ZnT8+ - - - -
IA-2+/ GAD65- 10% (126) - - -
GAD65+/IA-2- 32% (126) - - -

Table 27: Change in markers with disease duration. Studies in mixed population of adults and
young people (aged more than or equal to 11 years)
Type 1 e % ICA+ was higher in type 1 diabetes with <1 year duration than the whole population (47.7%
diabetes  vs. 33.7%); (30)
Disease duration 0-5 years, 6-13 years and 214 years (60)
® % GADA+ decreased with increasing disease duration (70.5%, 65.3% and 42.5%)
® % IA-2A+ decreased with increasing disease duration (53.4%, 42.7% and 26.2%)
® % GADA+ and/or IA-2A+ decreased with increasing disease duration (82.2%, 73.8% and 53.4%)

Table 28: Change in markers over time. Studies in mixed population of adults and young people
(aged more than or equal to 11 years)
Type 1 Time intervals: baseline 3, 6, 9, 12, 15, 18, 24, 30 and 36 months (93)
diabetes e % fC-Peptide generally decreased over time: 0.24, 0.26, 0.31, 0.27, 0.27, 0.19, 0.17, 0.16,
0.12,0.19

Time intervals: baseline (at diagnosis) and 8 years follow-up (69)
e %ICA+ decreased over time: 64% to 24%
e %IA-2+ decreased over time: 46% to 34%
® %GADA+ decreased over time: 76% to 65%
e %C-peptide 20.1 nmol/litre increased over time: 60% to 76%
e %C-peptide <0.1 nmol/litre increased over time: 90% to 95%

National Clinical Guideline Centre, 2014
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New Time intervals: baseline, 2.5 years and 12 years follow-up (55)
onset e %C-peptide decreased over time: 100%, 85.7% and not given.
ZYPI: : o %GADA+ decreased over time: 95.2%, 85.7% and 11.5%

iabetes

(<6 weeks o %IA-2+ decreased over time: 90.5%, 90.5% and 4.9%
) e %ZnT8+ decreased over time: 85.7%, 76.2% and not given.
Type 1 Time intervals: baseline, 2.5 years and 12 years follow-up (55)

diabetes | o 9 C-peptide decreased over time: 100%, 85.7% and not given.
(dyears = | o cADA+ decreased over time: 95.2%, 85.7% and 11.5%

duration) .

o %IA-2+ decreased over time: 90.5%, 90.5% and 4.9%

® %ZnT8+ decreased over time: 85.7%, 76.2% and not given.
Type 2 Time intervals: baseline (at diagnosis) and 8 years follow-up (69)

diabetes | o 9 C-peptide 0.1 nmol/litre was similar over time: 21% to 20%

e %C-peptide <0.1 nmol/litre was similar over time: 4% to 3%

Table 29: Change in markers with age of onset. Studies in mixed population of adults and young
people (aged more than or equal to 11 years)
Type 1 Study no. 46
diabetes  Age groups 2-7, 8-13 and >14 years (46)
® % of patients who were GADA+ increased with age of onset (35.7%, 47.6%, 58.9%)
e % of patients who were |A-2+ decreased with age of onset (43.1%, 53.1%, 40.6%)

Table 30: Urinary C-peptide/creatinine ratio (UCPCR) and serum C-Peptide (sCP). Studies in mixed
population of adults and young people (aged more than or equal to 11 years)
Type 1 Study no. 311
diabetes o \MTT 120-minute UCPCR was highly correlated to 90-minute sCP (r=0.97; p<0.0001)
e UCPCR 20.53 nmol/mmol had 94% sensitivity/100% specificity for significant endogenous
insulin secretion (90-minute sCP >0.2 nmol/litre).
e The 120-minute postprandial evening meal UCPCR was highly correlated to 90-minute sCP
(r=0.91; p<0.0001)
e UCPCR 20.37 nmol/mmol had 84% sensitivity/97% specificity for sCP 0.2 nmol/litre.

CONCLUSION: UCPCR measured during a mixed meal tolerance test (MMTT) or after a home
meal is highly correlated with MMTT sCP. UCPCR testing is a sensitive and specific method for
detecting insulin secretion. UCPCR may be a practical alternative to serum C-peptide testing,
avoiding the need for inpatient investigation.
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5.4 Economic evidence

Published literature

No relevant economic evaluations comparing diagnostic tests, C-peptides plus or minus antibodies,
to distinguish between a diagnosis of type 1 diabetes, type 2 diabetes and other forms of diabetes
were identified.

Unit costs

In the absence of recent UK cost-effectiveness analysis, relevant unit costs are provided below to aid
consideration of cost effectiveness.

Table 31: Cost of diagnostic tests

Diagnostic test Cost Reference

Plasma C-peptide (stimulated) (2 hour MMTT) £177 Mark Peakman, Kings College
London (personal communication)

Plasma C-peptide £35 GDG expert opinion

Urinary C-peptide/Urinary C-peptide Creatinine Ratio £10.50 Mark Peakman, Kings College
London (personal communication)

GADA, IA-2, ICA512, ZnT8 £20-£41 Mark Peakman, Kings College
London (personal communication)

ICA (1) £10.50 University of Birmingham Clinical
Immunology Service — April
2010**°

ICA (2) £17 University College London

Provider to Provider Tariff 12-
13706

5.5 Evidence statements

Clinical

Low quality evidence from sixty-two observational studies (case-series and cross-sectional),
showed both the percentage of patients with positivity, as well as the actual titre of diagnostic
markers (antibodies: GAD, IA-2A, ICA, IAA, and ZnT8; C-peptide; UCPCR) in adults, and adults and
young people with type 1 diabetes, type 2 diabetes, LADA, and MODY.

No studies reported results for IGRP.

Data were considered for newly diagnosed people (diagnosis within 1 year of the study),
separately from those with an ‘established’ diagnosis.

The results of the studies showed that:

Antibody tests (in people who were newly diagnosed and those who had an established
diagnosis).
o Anti-glutamic acid decarboxylase 65 antibody (GAD 65)/anti-glutamic acid decarboxylase
antibody (GADA)
— Studies reviewed reported a mean prevalence of 54.8 % in mixed populations of adults and
young people with type 1 diabetes, 10.8 % in adults and young people with type 2 diabetes,
77.2% in adults with LADA, and 11 % in adults with MODY

o Insulinoma-associated autoantibody (l1A-2)

National Clinical Guideline Centre, 2014

99



Type 1 diabetes in adults
Diagnosis

(o]

(0]

(0]

— Studies reviewed reported a mean prevalence of 56.2 % in adults and young people with
type 1 diabetes, 15 % in adults and young people with type 2 diabetes, and 32.0% in adults
with LADA and 0 % in adults with MODY..

Anti-islet cell antibody (ICA)

— Studies reviewed reported a mean prevalence of 52.5 % in adults and young people with
type 1 diabetes, 9.1 % in adults and young people with type 2 diabetes and 47.8% in adults
with LADA, and no data for adults with MODY.

Zinc-transporter antibody (ZnT8)

— Studies reviewed did not report any data for adults and young people with type 1 diabetes
or type 2 diabetes. Studies reported a mean prevalence of 45 % in adults with type 1
diabetes, 22.6 % in adults with type 2 diabetes and 37 % in adults with LADA

Islet-specific glucose-6-phosphatase catalytic subunit (IGRP)
— No studies reported results for IGRP.

e C-peptide —a low value or absence of C-peptide was considered to be supportive, but not
diagnostic, of type 1 diabetes

(o]

(0]
(0]

Plasma C-peptide (fasting or stimulated) — a value of less than 0.2 nmol/litre is used to support
a diagnosis of type 1 diabetes, with stimulated values having greater diagnostic accuracy than
fasting values

Urinary C-peptide

UCPCR

The evidence indicated that the predictive value of the available tests to support a diagnosis of
type 1 diabetes changed with increasing time from first presentation with diabetes. Antibody tests
have their greatest positive predictive value in the first year after diagnosis, whilst C-peptide testing
has a higher predictive value with increasing time from presentation of diabetes (Borg et al. 2003,
Scholin et al. 2004, Hillman et al. 2009, Wenzlau et al. 2010, Sorgjerd et al. 2012).

e Antibody tests (newly diagnosed):

(0]

GAD 65/GADA

— Studies reviewed reported a median prevalence of 69 % in mixed populations of adults and
young people with type 1 diabetes, 12.9 % in adults and young people with type 2 diabetes,
84% in adults with LADA, and 1 % in adults with MODY

1A-2
— Studies reviewed reported a median prevalence of 52 % in adults and young people with

type 1 diabetes, 15 % in adults and young people with type 2 diabetes, 43.8% in adults with
LADA and 0 % in adults with MODY

ICA

— Studies reviewed reported a median prevalence of 60 % in adults and young people with
type 1 diabetes, 9.1 % in adults and young people with type 2 diabetes and 39.6% in adults
with LADA

ZnT8

— Studies reviewed reported a median prevalence of 45 % in adults with type 1 diabetes, 10.5
% in adults with type 2 diabetes and 37.5% in LADA

IGRP
— No studies reported results for IGRP.
I1AA

— Studies reviewed reported a median prevalence of 45% in adults and young people with
type 1 diabetes,
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In addition, the evidence showed that use of a combination of two autoimmune antibody tests

increased the specificity of testing (Hosszu et al. 2003, McDonald et al. 2011, Vermeulen et al. 2011,
Zhang et al. 2012).

Economic

No relevant economic evaluations were identified.

Recommendations and link to evidence

STOZ @epdn

Relative values of To determine which markers were the most useful for classifying and distinguishing
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different outcomes

Trade off between
clinical benefits and
harms

Economic
considerations

between individuals with different types of diabetes, the GDG reviewed the available

evidence on the prevalence of C-peptides and antibodies in adults or adults and

young people with diabetes, and considered the following factors in order of

importance:

. Correct classification of diabetes, particularly if this was likely to result in a change
in treatment (for example, insulin therapy for individuals with type 1 diabetes), or
if knowledge of the result was likely to have a significant impact on quality of life.

o The clinical importance of obtaining the correct classification of diabetes in an
individual

o The impact of the test results on treatment choice

o The consequences of an incorrect clinical diagnosis

o The consequences of not undertaking the diagnostic tests

o The required timing of the tests to give the greatest positive predictive value

e The impact of using the diagnostic tests in all patients with newly diagnosed
diabetes versus their selective use as a confirmatory test in individuals where a
diagnosis of type 1 diabetes was suspected clinically before the test.

e The cost-effectiveness of the diagnostic tests.

Benefits and harms will be a function of the ability of the tests correctly to classify
diabetes. There are no direct harms apart from the requirement for a blood sample,
which causes distress to some children and occasionally to adults. However,
misinterpretation of a test, for example, negative antibody testing and/or detection
of C-peptide, may lead to misclassification of diabetes as not being type 1, and lead
to the mistaken withdrawal of insulin therapy. The GDG therefore concentrated on
the discriminatory value of the tests.

The GDG did not consider any of these tests to be of sufficient predictive accuracy to
reliably classify the type of diabetes, and that they should be regarded as supporting
information in cases in which standard clinical assessment left room for doubt.

Where the tests are used, it is necessary to consider timing. The predictive value of
the available tests to support a diagnosis of type 1 diabetes changed with increasing
time from first presentation with diabetes. Antibody tests have their greatest
positive predictive value in the first year after diagnosis, whilst C-peptide testing has
a higher predictive value with increasing time from presentation of diabetes (Borg et
al. 2003, Scholin et al. 2004, Hillman et al. 2009, Wenzlau et al. 2010, Sorgjerd et al.
2012). The GDG therefore recommended that the guidelines highlighted this
information to healthcare workers.

No relevant economic evaluations comparing diagnostic tests, autoimmune
antibodies or endogenous C-peptide assessment in the differentiation of types of
diabetes were identified.

The cost of diagnostic tests range from £10.50 for a urine C-peptide to £177 for a
plasma C-peptide (stimulated as part of a 2 hour mixed meal tolerance test).

In making a judgement about the cost-effectiveness of diagnostic testing, the GDG
needed to consider not only the quality of life and treatment consequences
associated with testing, but also the consequences of not testing. This included
consideration of adverse events from misclassification and the impact on overall
quality of life. It has been previously reported that in the UK, diabetes type was
misclassified in 2.1% of cases.”” Linear extrapolation of this to the full diabetes
population in the UK, an estimated 3 million people, would be equivalent to 60,000
people being misclassified.
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Quality of evidence

Other considerations

Diagnostic tests only needed a minimal improvement in quality-adjusted life years
(QALY) in order to be cost-effective. However, the GDG noted that if every patient
with a new diagnosis of diabetes was tested, the majority would experience no or
little QALY increase as their management of diabetes might not be changed. Only
those who were misclassified and had their management changed would experience
a QALY change. The GDG recognised that given the costs of the diagnostic tests and
their lack of sensitivity and specificity, their use in all patients with newly diagnosed
diabetes could not be recommended. However, the GDG also recognised that the
tests might have a cost-effective use in specific cases where uncertainty about the
classification of diabetes type remained, and an impact on treatment choice might
be made (for example, a switch to insulin therapy in patients classified with type 1
diabetes).

Sixty-two studies were included in the review; all were observational studies (cross-
sectional or case-series). Therefore, the evidence could not be combined in a meta-
analysis and the quality assessed by GRADE profiling. Most of the studies reviewed
reported results in either type 1 or type 2 diabetes, in isolation, and did not allow
analysis of how these tests discriminate between these commoner types and the
rarer forms of diabetes.

Following assessment of the evidence, the GDG noted that antibody markers
diminish in magnitude with time from diagnosis in individuals with type 1 diabetes,
reducing their diagnostic sensitivity. The GDG, therefore, gave greater focus to
studies that only included patients with a new diagnosis of diabetes (diagnosis up to
1 year before the study) as this was felt to be the most clinically relevant time to
investigate for levels of diagnostic markers. However, the GDG recognised that there
would be instances where the investigations might be used several years after
diagnosis where classification of diabetes type might be reviewed in individual
clinical cases (for example, a diagnosis of MODY in a patient with an assumed
diagnosis of type 1 diabetes).

The GDG concluded that there is no single test which reliably confirms or refutes the
diagnosis of type 1 diabetes. The GDG also noted that the diagnosis of type 1
diabetes is usually made reliably on simple clinical grounds (evidence was not
specifically reviewed for this update, but data known to the GDG suggests a 2%
misdiagnosis rate). Given this, and the lack of consistent high sensitivity or specificity
of the various autoimmune antibodies, the GDG believed it would be inappropriate
to use the tests in all patients with newly diagnosed diabetes, as incorrect
conclusions might be drawn from the tests.

The GDG recognised that the most important reason supporting the need for the
classification of diabetes type in individuals presenting with hyperglycaemia was to
ensure that individuals with type 1 diabetes received insulin treatment at an
appropriate time to prevent the immediate complication of diabetic ketoacidosis.
The GDG also recognised that in the majority of people presenting with a new
diagnosis of diabetes, clinical features were utilised to make an initial diagnosis of
type 1 or type 2 diabetes (ketosis at diagnosis, rapidity of symptom onset, age at
presentation, body mass index and a family history of autoimmune disease).
However, there are instances where individuals presenting with a new diagnosis of
diabetes might not be readily classified into type 1 or type 2 diabetes due to an
overlap of clinical characteristics, and differentiation of diabetes types might become
increasingly difficult with increases in body mass index in the population in general.
There may also be circumstances where a patient might want to have a diagnosis of
type 1 diabetes supported/refuted before investigations for other types of diabetes
(for example, genetic testing in patients with a suspected diagnosis of MODY).

The GDG therefore recommended that diagnostic tests would be best employed for
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individuals where there was uncertainty about the classification of diabetes type,
particularly if this might lead to a change in treatment. It was considered important
to emphasise that the tests must be interpreted in the context of the clinical picture.

The GDG recognised that urine C-peptide and urine C-peptide/creatinine ratios
might be used to assess endogenous insulin production and aid classification of the
type of diabetes in an individual. However, further research and evidence is required
into their use and timing as a diagnostic test in diabetes before any
recommendations can be made on their use.

Finally, the GDG recognised that in the future, knowledge of antibody status
confirming autoimmune type 1 diabetes (WHO classification type 1a) may be
important in applying immunomodulatory therapies to alter the progress of the
disease, but this is still a research question, with no evidence for clinical utlitity at
the present time.

Please see section 16.10.5 for recommendations from 2004 regarding early care for newly diagnosed
adults with type 1 diabetes.

Research recommendation

1. In adults with diabetes, are diagnostic tests (autoimmune markers and biochemical tests such
as urine C-peptide and urine C-peptide/creatinine ratio) useful for defining type 1 diabetes, and
if so, what is the optimal time in which they should be measured in order to make the

diagnosis?

2. In adults with type 1 diabetes, are diagnostic tests (autoimmune markers and biochemical tests
such as urine C-peptide and urine C-peptide/creatinine ratio) good prognostic makers of the
complications associated with the 1 diabetes and its treatments?

Note: We exclude the use of these markers in trials of immune modulation therapy to alter the course
of type 1 diabetes, as this is not a current therapeutic option and the literature was not reviewed by
the GDG in this revision.
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Care process and support [2004]

This section was not updated by the 2015 GDG and is the work of the 2004 GDG, included from
CG15.

Scope of this chapter [2004]

It is outside the scope of this guideline to consider service delivery issues. Accordingly no
recommendations are made regarding site of care; the emphasis is on the process of care necessary
for the individual person with Type 1 diabetes to achieve optimal yet cost-effective outcomes. For
example, while it is evidence-based that multidisciplinary team care leads to a reduced rate of
complications, and it is known that no health professional alone possess all the necessary skills, no
recommendation is made about the membership of such teams, or where they are sited.
Nevertheless, where an evidence base exists for an activity associated with a health professional this
has been appraised (because it influences the skillmix required), even if it is not used directly in the
recommendations.

Equally, a term such as 'diabetes centres' should be read as a group of people working together as a
resource with access to appropriate healthcare equipment and supporting all those in the local area
providing diabetes care. This should not be interpreted as buildings sited in a primary or secondary
care environment, or to sole sites of care. Some items of equipment (telephones, structured records,
diabetes recall registers) are necessary components of the process of care (for example retinopathy
screening) discussed in other parts of this guideline.

Optimal healthcare processes [2004]

Rationale

The management of diabetes is multidimensional, and each dimension multifaceted. Notable
dimensions include diagnosis and associated management, preventative long-term care, hospital and
emergency management, and detection and management of late-developing complications. With
each of these dimensions a number of care areas are found (for example in long-term prevention,
glucose control, blood pressure control, risk factor surveillance, blood lipid control and smoking), and
for each care area a number of deliverables addressed (for example in blood glucose control:
knowledge and basis of targets, injection skills, self-monitoring, dose adjustment, dietary matching,
hypoglycaemia management, sick day management) by a number of different members of a
multidisciplinary team. This multidimensional care delivery requirement has spawned diverse
attempts aimed at ensuring optimal care is available to all those with diabetes. This section of the
guideline seeks to examine what evidence is available to support some of those approaches.

Evidence review

It was recognised that the systems underlying structured organisation of care (for example diabetes
centres) do not easily lend themselves to comparison by higher level studies (RCTs and cohort
studies). Some technologies within such systems (for example a foot care information initiative) may
on occasion be so approachable, but for the most part such technologies are offered and may only
be applicable as part of an integrated care package. Accordingly, for the purposes of evidence
review, no limits to study type were placed on the papers sought. Of 348 titles identified, 58 were
selected as relevant for critical appraisal.

Additionally the major national and international guidelines were reviewed for consistency of
recommendations. As the current question was considered at the end of the guideline process, a
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review of generic structures of care already inherent or explicit in agreed recommendations within
the current guideline was also made.

Only rarely did the ascertained primary literature distinguish type of diabetes. On occasion, insulin-
treated people from both major types of diabetes were considered separately from people with
Type 2 diabetes managed without insulin injections. Historically, people using insulin have been
managed in specialist care; papers addressing issues of delivery of care by family doctors without
reference to insulin-treated diabetes were also excluded from consideration, except in regards of
complications surveillance.

6.2.3 Evidence statements

Multidisciplinary care

The Diabetes Control and Complications Trial (DCCT),"®® and smaller RCTs using improved

management to judge the effect on patient outcomes, used multidisciplinary team input (in
particular from specialist nurses and dietitians) as part of an integrated package to improve
metabolic intermediate outcomes. A Cochrane review**® of diabetes specialist nurse input identified
six heterogeneous studies unsuitable for meta-analysis, and found little evidence of longer term
impact on intermediate outcomes. An RCT®" of the impact of structured team care as compared to
usual care showed improved satisfaction and blood glucose control at 6 months. An RCT** of the use
of diabetes specialist nurses to adjust insulin doses over the telephone showed improved blood
glucose control (Ib).

A nurse specialist approach has been justified by a number of before and after studies and case
series with such input (11).%028638>412.759

A number of studies of variable quality address the impact of inclusion of podiatrists compared to
normal care within what is then usually called a diabetes foot care team. These studies included one
RCT showing more patient knowledge and less callosities at 1 year, and a controlled study™® (it is
unclear whether that study is randomised) showing less foot ulceration (lIb).

A number of historically-controlled or descriptive studies support this approach, mainly reporting on
patient preference outcomes (1V).**13>222412

The current guideline and all examined guidelines advise the use of members of a multidisciplinary
team or more specifically nurses with training in teaching skills and adult education in a number of
aspects of patient education, and formally trained dietitians and podiatrists within the specifically
relevant areas of diabetes care (IV).

Annual review

No RCTs address the concept of integrated annual review. Newly- implemented structured annual
review has been subject to a descriptive review,”®* suggesting improved satisfaction with care and
improved patient motivation. Few full-length descriptions of the review process are available,® most
references being editorials and letters (1V).

The current guideline suggests annual surveillance of a number of potentially developing late
complications (as do all other guidelines for the most complications). The International Diabetes
Federation’s European guideline recommends integration of these activities into one patient visit.
Annual review also is the basis of many quality control structures proposed for diabetes care,*®
including (implicitly) that of the UK Audit Commission (IV).

341
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Diabetes registers

A series of descriptive papers appear to demonstrate the feasibility of establishing population-based
and clinic-based diabetes registers, with varying densities of information,>%%2%:193:280.332,369,376,382,330,717
A system of database-driven recall for complications surveillance is implicit in the recommendations
for annual complications surveillance of this and published guidelines. Issues of data security and
confidentiality are not reported to have proved to be problematic obstructions to the deployment of
diabetes registers (IV).

Diabetes centres and structured care

Most papers in this area are descriptive, and there is inevitable overlap with deployment of
multidisciplinary teams and provision of diabetes information and foot care. Using historical controls
a study™®! suggests improved blood glucose control, while another non-randomised study which
suggests improved survival (presumably mainly in people with Type 2 diabetes (llb).

Structured records and care cards

Although papers were ascertained addressing these areas, the papers were descriptive with no
useful analysis of patient-related outcomes (IV).313194197.214

Electronic patient records and computer data analysis

A number of descriptive papers were identified,"">*******® suggesting such approaches can be

feasible and have utility, but not demonstrating comparative advantage to traditional approaches
(IV). However when such records were used to send judgmental letters to people with diabetes,®”*
randomising sites of care, intermediate outcomes were significantly improved (probably mainly in
people with Type 2 diabetes) (Ib).

Telemedicine

A number of approaches to medical care without direct patient contact are described in the
literature. One RCT of a telecare system for insulin’ provided equivalent control at reduced cost,
while another study®* using nurses resulted in improved blood glucose control (Ib).

In more rural and remote situations telemedicine can similarly provide apparent time and cost
savings where images of foot problems*”® and eye photographs'* need to be reviewed by specialists
(Ib).

Inpatient care

Three papers using historical controls or randomised controls address the value of multidisciplinary
teams with a specialist interest in diabetes management in the care of inpatients on non-diabetes
wards.****3%47! Reduced length of inpatient stay is consistently reported. One study suggests
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improved glucose control.**! One study, also using historical controls, addresses length of stay in a

developing country in newly-diagnosed people with diabetes, showing much reduced stays with
multidisciplinary team input (1b/lla).

Guidelines

No literature on the deployment or impact of diabetes guidelines was identified.

6.2.4 Health economic evidence

6.2.5

Two potentially useful papers consider the type of treatment facility used to deliver care to those
with Type 1 diabetes.”®”*® One German study®®’ found that the treatment facility (polyclinics,
specialist clinics or general practitioners) makes no difference to diabetes-specific knowledge when
this was controlled for age, sex and education. One UK study®® found no difference between
hospital- and general practice-based care on a range of outcome measures for metabolic control,
satisfaction with treatment or beliefs about diabetic control for a mixed diabetic population. Some
differences were observed in the surveillance for complications, with more frequent testing in
integrated care. Whilst costly, it is worth noting that fewer patients defaulted from general practice-
based care than conventional care, although this cannot be established on the basis of this study.

One UK-based study™® suggested that the provision of a hospital-based diabetes specialist nurse
lowered the cost per patient admission without producing a significant difference in readmission,
quality of life, or patient satisfaction.

Consideration

The group endorsed the approaches suggested by the evidence, but noted that attempts to
implement some of the recommendations in the past had been inhibited by funding difficulties. This,
however, was not felt to be a barrier to reiterating the health gains to be obtained. It was noted that
recent publications (beyond the cut-off date of the searches) supported some of the
recommendations further, including those relating to specialist nurses. The UK’s national service
framework for diabetes was noted to have endorsed diabetes registers. The group recognised the
lack of any kind of formal evidence relating to walk-in, telephone-request, and out-of-hours services.

Recommendations

6. Advice to adults with type 1 diabetes should be provided by a range of professionals with skills
in diabetes care working together in a coordinated approach. A common environment (diabetes
centre) is an important resource in allowing a diabetes multidisciplinary team to work and
communicate efficiently while providing consistent advice. [2004]

7. Provide adults with type 1 diabetes with:
e open-access services on a walk-in and telephone-request basis during working hours
¢ a helpline staffed by people with specific diabetes expertise on a 24-hour basis
¢ contact information for these services. [2004]
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8. Set up an individual care plan jointly agreed with the adult with type 1 diabetes, review it
annually and modify it taking into account changes in the person’s wishes, circumstances and
medical findings, and record the details. The plan should include aspects of:

o diabetes education, including nutritional advice (see ‘Structured education programmes’,
Section 7.2, and ‘Dietary management’, Section 7.3)

¢ insulin therapy, including dose adjustment (see ‘Insulin regimens’, Section 9.2, and ‘Insulin
delivery’, Section 9.3)

¢ self-monitoring (see ‘Self-monitoring of blood glucose’, Section 9).
e avoiding hypoglycaemia and maintaining awareness of hypoglycaemia

o for women of childbearing potential, family planning contraception and pregnancy
planning

o arterial risk factor surveillance and management (see ‘Arterial risk control’, Chapter 14)

e complications surveillance and management (see ‘Management of complications’, Chapter
16)

e means and frequency of communication with the diabetes professional team

o follow-up consultations, including frequency of review of HbAlc levels and experience of
hypoglycaemia, and next annual review. [2004, amended 2015]

9. Use population, practice-based and clinic diabetes registers (as specified by the National service
framework for diabetes) to assist programmed recall for annual review and assessment of
complications and vascular risk.[2004]

10.The multidisciplinary team approach should be available to inpatients with type 1 diabetes,
regardless of the reason for admission (see ‘Hospital admission and intercurrent disease’,
Section 15.1.6). [2004]

Support groups [2004]

Rationale

As having Type 1 diabetes can have a major impact on lifestyle and self-esteem, it would appear that
support groups could have a role in providing for some needs outside the professional environment
and even separately from immediate carers. The range of such potential input is large and might
stretch from simply fulfilling a need for belonging, through to helping with diabetes-related financial
problems (such as insurance), and even providing a further source of diabetes related information.

Coping with diabetes, or any other condition, is influenced not only by psychological characteristics
of the individual but also by social relationships (e.g. support and communication by healthcare
team, family and friends). Informal interpersonal variables, such as social resources and support,
have been found to be associated with better diabetes self-management,?*®?** family
environment,”*#?’#%%° and marital interaction.”> A medical condition is only one aspect that affects
the make-up of an individual's personal identity, and for some may be perceived as a minor factor
compared to their environmental and social circumstances.

A ‘support group’ is defined in this guideline as a group of people with Type 1 diabetes that comes
together to provide support to themselves and others in their locality. Members are usually unpaid
and many will be supported under the auspices of national (or local) voluntary organisations. Support
groups have become commonplace throughout health and social care.

Patients and carers may choose to contact or be involved with support groups to gain information
and support to benefit their own needs, or with a wider altruistic aim of helping other people within
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the local community. It was not possible to find specific research identifying patient and carer
preferences for support groups, or indeed to identify specific groups or types of people who may
benefit more than others. Some people attend meetings of groups regularly whilst other individuals
are reassured by being aware of a group’s existence and the opportunity to contact the group at a
later date if problems arise and/or support is required. Preferences are dependent on what stage
people are at in their lives and what information is taken (or needs to be taken) on board.

6.3.2 Evidence statements

The Diabetes Attitudes, Wishes and Needs (DAWN) questionnaire study® highlighted that emotional
support, along with family support, was a key factor in how well people with diabetes manage their
condition, with support networks being considered at least as important as the medication they take
in helping them manage their diabetes. Interim results also indicate that people who do not have
access to a community of support, especially the young or elderly living alone, may be less likely to
be concordant with their medication regimes, putting them at risk of inadequate control of their
diabetes (ll1).

There are still significant numbers of people emerging from the confirmation of a diagnosis who are
under informed and unsupported.”’* Qualitative research of various designs examining the views and
experiences of people with diabetes and carers has identified that many perceived benefits exist
from meeting other people with diabetes. It has helped many to overcome the feelings of isolation
and is seen as an opportunity to talk to others going through the same experience (IV).>**

Research evaluating the effectiveness of support groups for patients and carers, across numerous
conditions and groups (not necessarily diabetes) has shown specific benefits including:

e psychological and emotional benefits® including lower pain perception, and improved ability
to cope with stress'’#5+%7

e reduction of carers’ burdens and stresses

e improvement in quality of life””>**

e improved self-care through health promotion strategies which have been helpful in smoking
cessation and management of chronic conditions**>*%

e improved access to health service provision®*®

e reduced isolation, overcoming depression and loss of self-esteem***

e better understanding of conditions, symptoms and healthcare systems through education
and information®’ (111).

404,537

The Diabetes UK network of support groups recorded 175,426 members in July 2003, with around 7%
under the age of 20 years and around 30% aged 70 years or over. Around 40% had paid for annual
adult membership, 50% had a reduced rate membership (including children), and 10% had chosen
life membership. The Diabetes UK Careline is, at the time of writing, one of the busiest sources of
information for all people with Type 1 diabetes in the UK. In 2002, Careline were contacted 40,747

times (81% telephone, 13% e-mail, 6% post). The five most frequent topics of enquiry recorded
131,230,

were
e diet
e insulin

e medicines other than insulin
e new diagnosis
e travel (lll).
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Health economic evidence

Two studies were identified as potentially useful in this area.>**° As neither paper included cost

information, the cost-effectiveness of support interventions cannot be ascertained.
6.3.3 Recommendations

11.At the time of diagnosis and periodically thereafter, provide adults with type 1 diabetes with
up-to-date information about diabetes support groups (local and national), how to contact
them and the benefits of membership. [2004]

6.4 Quality audit and monitoring [2004]

6.4.1 Rationale

It is generally accepted now that any system delivering a product, including healthcare systems, can
benefit from review of its performance. The diabetes care espoused by this guideline is both complex
and systematic, and thus lends itself to the kind of data collection needed for quality development.
That very complexity, however, means that monitoring the structures, process and outcomes of all
sectors can seem overwhelming, necessitating consideration of how limited monitoring activity can
be undertaken without distorting the areas gaining attention for improvement. Monitoring of quality
of life would seem a priori to be of particular importance in diabetes care, but presents its own
difficulties of data acquisition and of analysis of temporally different outcomes.

Audit criteria are suggested in Section 3.3 of this guideline to assist local users in promoting
implementation and monitoring ongoing improvements in process and outcome. They have been
informed where possible by existing validated measures, principally those of the National Centre for
Health Outcome Development. %
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7.1

7.2

7.2.1

Education programmes and self-care

The 2015 GDG updated the evidence and recommendations for structured education programmes
(Section 7.2). Evidence reviews and recommendations for carbohydrate counting and glycaemic
index (Gl) diets evidence reviews have been added to the dietary management section (Section 7.3).
Other aspects of education and self-care were not updated (dietary management other than
carbohydrate counting and Gl diets, physical activity and cultural and individual lifestyle). The
content from the 2004 guideline that has been replaced by the new evidence reviews can be found in
Appendix S.

Rationale [2004]

Having diabetes involves acquiring a great range of new skills and knowledge, including insulin
therapy, dietary changes, self-monitoring, hypoglycaemia, jobs, travel, physical exercise, coping with
concurrent illness, foot care, arterial risk control, avoiding complications. The history of education
and information giving in diabetes care goes back to the earliest dietary interventions several
centuries ago, and the use of education professionals to impart skills associated with insulin therapy
dates from the time of discovery and isolation of insulin. Accordingly patient education is a true
cornerstone that enables self-management of diabetes, and most diabetes management is self-
management. Review of other parts of this NICE guideline will reveal that education and information
giving are parts of nearly all of them, from enabling patient choice in determining features of self-
management, to acquisition of skills needed to perform tasks and make judgements, to self-care
where high risk complications have developed, and to skills in handling healthcare professionals to
ensure that issues of importance to the person with Type 1 diabetes are addressed.

Structured education programmes [updated 2015]

Introduction

People with type 1 diabetes have an absolute need for insulin replacement therapy. The body’s
requirement for insulin varies greatly by time of day, food eaten, energy expended, state of health
and other factors. Historically, people with type 1 diabetes were prescribed specific insulin regimens
and a lifestyle to match it, with times of eating and quantities of food eaten made as reproducible as
possible. Modern management aims to support a more flexible lifestyle with minimal restrictions as a
route to optimal biomedical outcomes and good quality of life. In order to achieve these aims, the
person with diabetes needs knowledge and skills traditionally taught to healthcare professionals.

Therapeutic education aims to help people with long-term conditions better manage their treatment
and, in the case of diabetes, adapt the diabetes control to the constant changes in daily life.*
“Structured education” is a method of therapeutic education defined as “a planned and graded
process that facilitates the knowledge, skills and ability for diabetes self-management and empowers
individuals to live healthily, to maintain and improve their quality of life, and assume an active role in
their diabetes care team”.””® The essential requirements of a structured education programme are
that it has a philosophy that guides its delivery; a formal, written curriculum; appropriately trained
educators to deliver it; and that it is both quality assured and regularly audited.?*° The Department of
Health and the Diabetes UK Patient Education Working Group stated that any programme should be
evidence-based, should suit the needs of the individual with specific aims and learning objectives,
and be able to support the patient plus his or her family and carers in developing attitudes, beliefs,
knowledge and skills to self-manage diabetes.**® Programmes for people with type 1 diabetes should
empower individuals to make day-to-day decisions about their diabetes treatment and lifestyle, with
the best outcomes for their health.>® It is recommended that structured patient education is made
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available to all people with diabetes at the time of initial diagnosis and then, as required on an
ongoing basis, based on formal, regular assessment.>®”

Multiple packages offer structured education for adults with type 1 diabetes in the UK.*** The
guestion addressed in this chapter is “In adults with type 1 diabetes, what is the most effective
structured education programme?”

7.2.2 Review question: In adults with type 1 diabetes, what is the most effective structured
education programme?

For full details see review protocol in Appendix C.

Table 32: PICO characteristics of review question
Population Adults with type 1 diabetes

Intervention(s) Structured education programme

Comparison(s) e Other education programmes

Usual care/no treatment
SMBG

HbAlc

Hypoglycaemia - preferably severe hypoglycaemia if reported

Outcomes

Hospital admissions

Hypoglycaemia unawareness

Quality of life — measured by DQoL, DSQol, PAID, HADS, fear of hypoglycaemia,
anxiety, depression

e Adverse events

e Knowledge

e Adherence
Study design RCTs

7.2.3 Clinical evidence

We searched for randomised trials comparing the effectiveness of structured education programmes
versus other education programmes or usual care/no treatment in adults with type 1 diabetes.
Studies cited in the original 2004 type 1 diabetes guideline®® were also assessed and included where
appropriate.

The original 2004 NICE guideline based the main bulk of its review of the evidence for education on
the 2002 unpublished report®” of the HTA published in 2003*** that looked at structured education
in diabetes. Therefore, any RCTs in the HTA that were type 1 diabetes-specific and looked at
structured education programmes were included in our review. The 2004 NICE guideline also
included three additional RCTs which assessed education programmes '°**°**?7 and these were
therefore included in our review.

In 2003, NICE published a TA (TA60)>* on the use of patient education models for people with type 1
and type 2 diabetes. As for the 2004 NICE type 1 diabetes guideline, this was based on the 2002
unpublished report®” of the HTA published in 2003**, as well as some additional studies. Of the
additional studies found, only 2 RCTs were reported that assessed education in type 1 diabetes. One
of these RCTs was not suitable for our review and thus, would have been excluded because it looked
at intensive insulin treatment in combination with an educational component (SDIS study)®®’ rather
than the effects of an intensive/structured education programme. The second RCT®* met our
inclusion criteria and was therefore included in our review
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From our updated literature search, we found 10 relevant RCTs that had been published since the
original 2004 guideline and these were included in our review.

Overall, fifteen RCTs were included in our review (DAFNE study31, BGATTIII study624, BITES study“s,
12HAATT study®™®, HYPOS study®®, *****BGAT study®®’, Rossi 2010°®, Terent 1985% Trento
2005’% Trento 20117°*PRIMAS,*** Rossi 2013°%). Evidence from the included studies are summarised
in Table 33. See also the study selection flow chart in Appendix D, forest plots in Appendix J, study
evidence in Appendix G.
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Table 33: Summary of studies included in the review

BGAT (Snoek BGAT Prevent and correct in a timely Diabetes n=86 6 week
2008) *% fashion, extreme blood glucose nurse Type 1 course
Psychoeducational excursions educators diabetes (1/week)
programme Done by improving symptom and clinical 18 years 3,6and
discrimination and understanding  Psychologist duration 12 months
of the interaction between follow-up
insulin, food intake and physical
activity
BGAT Ill study  BGATIII Using signals to accurately Physician- Self-help X n=138 Mostly patients 8 week
2005%** recognise when blood glucose is psychologist  group Type 1 with frequent course
Psychoeducational too high or low team diabetes hypoglycaemic (1 hour/w
programme Signals: physical symptoms, on episodes eek)
disruptions in cognitive and intensified 6 and
motor performance, mood insulin 12 months
changes regimen follow-up
Predicting when blood glucose 23 years
likely to rise or fall based on - duration

STO0Z @1epdn

previous insulin injections, food
consumption, physical exercise

BITES study BITES Problem solving; DSN and Usual care X n=114 X 6 week
2008°% psychoeducational. SDD Type 1 course
Psychoeducational  Fictitious individual with type 1 diabetes (2.5 days
programme diabetes throughout the course 19.5 years total)
who they mentored throughout duration 3,6 and
and discussed helping them with 12 months
change. follow-up

Specific content details not given
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DAFNE study

2002

deWeerdt

1991

HAATT study

2004

HYPOS study

2007

31

162

139

300

Immediate DAFNE

Educational training

course

Education

Included
motivational
aspects

HAATT + SMBG

Psychoeducational
programme

HyPOS

Bio-psychosocial
training/education
programme

CHO intake and matching insulin
Adjusting insulin to suit lifestyle
Confidence and autonomy

Highly structured

Video film, a book, and some
practice materials were used as
part of the programme.

The lessons also had a
motivational function
Content details not given
Anticipation, prevention,
recognition and treatment of
hypoglycaemia

Insulin kinetics and how to
anticipate when their insulin
action is at its peaks and nadir

CHO counting and matching
insulin and exercise

Demands of physical
activity/insulin adjustment
Causes and correct treatment of
hypoglycaemia Unawareness
Avoiding hypoglycaemia.
Symptoms of hypoglycaemia.
Detection of hypoglycaemia
Coping with activities that may

DSNs and Delayed

dietitians DAFNE
(waiting
list/usual
care)

Trained Usual care

nurse,

dietitian or

patient with

diabetes

Physician SMBG

Diabetologis  Standard

tand education

diabetes

educators

Yes -
intervention
group

Yes -
comparison
group only

n=169
Type 1
diabetes
16 years
duration

n=558
Insulin-

treated
diabetics

13 years
duration
n=60
Type 1
diabetes
and >2
severe
hypo
episodes in
past year
14 years
duration

n=164
Type 1
diabetes
and
hypoglycae
mia

Yes

Yes

5 day
course

6 months
follow-up

4 week
course

(3 hours/
week)

6 months
follow-up

7 week/2
months
course
(once/wee
k)

6,13 and
18 months
follow-up

5 week
course
(90 minut
es/week)
6 months
follow-up

STOZ ?epdn
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Korhonen
1983°

Lennon
1990"”

PRIMAS study
(Hermanns
2013) **

Rossi 2010°*

Intensive education

Group and
individual

Education

Motivational and
behavioural
features

PRIMAS education
programme

Group education

CHO counting
education

pose risk of hypoglycaemia

Education programme
Details not given

Instructed to adjust insulin dose
during sick days and in other
special situations and call the
nurse whenever had problems
from diabetes.

aspects of diabetes treatment
and technical skills

diet, insulin, hypoglycaemia,
diabetic control, exercise and
illness,

ketones, hyperglycaemia, new
diet,

complications of diabetes,

new developments in research,
practical problems in self-
management

CHO counting.
Self-management/empowerment
approach.

Detection and treatment of acute
complications

CHO counting programme -
further details not given

physician,
dietitian,
and teaching
nurse

Not given —
individual
and group
sessions

Diabetes
educators

Not
mentioned

Traditional
education

Usual care

DTTP
education
programme

Diabetes
interactive

X

X

Yes —in both
groups

Yes —in both
groups

20 years
duration
n=77
Type 1
diabetes
(insulin-
dependent

)

8 years
duration
n=74
Insulin
treated
Type 1
diabetes

13.7 years
duration

n=160
Type 1
diabetes
19 years
duration
n=130
Type 1

5 day
intense
course

1 year
follow-up

1 year
course
(once a
month
meeting)
No
additional
follow-up

6 weeks
course

6 months
follow-up

3 month
course

STO0Z ?epdn
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Rossi 2013

Terent
1985°%*

Trento
2005"%

605

programme

Standard
educational
approach

Standard

educational
approach

Education

Formal education

Structured
education
programme (group
care)

Group education

Standard education programme -

further details not given

Explain interplay between food
consumption, blood glucose
levels, insulin and urinary
glucose. Excretion

hypo- and hyperglycaemia,
footcare, injections, and urine
testing techniques

Social aspects

Encouraged to test urine for
glucose and ketone bodies
differences between type 1
diabetes and type 2 diabetes
principles of nutrition and
classification of nutrients;
composition of food and food
exchanges

physical exercise and adjusting

Not
mentioned

physicians

and dietitian

Pyschopaed
agogist

diary
telemedicine

Diabetes
interactive
diary
telemedicine

Standard
therapy

Usual care
(2:1
consultation
s every 2-3
months)

Yes —in DID
unclear in
educated
(but likely as
for Rossi
2010 study)

X

diabetes

16 years
duration

n=127
Type 1
diabetes

15.5 years
duration

n=19°
Type la
diabetes

9 years
duration

n=62
Type 1
diabetes

16 years
duration

(days/wee
k not
mentione
d)

6 months
follow-up

Length of
course not
stated.

6 months
follow-up

6 month
course
(days/wee
k not
mentione
d)

6,12 and
18 months
follow-up

18-27
months (9
education
sessions;
one every
2-3
months)

STO0C epdn
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insulin 6
hypoglycaemia and additional
hyperglycaemia — causes, visits over
recognition, management and the
informing relatives and friends remainder
areas of insulin injection and of the 3
their rotation years)
retinopathy, neuropathy, low- 3 years
level (micro) albuminuria and follow-up
nephropathy (self-care, when and
how to screen);
hypertension and CV aspects.
HbA1lc
day-to-day problems
Trento CHO counting CHO counting Doctor, Continuing Yes - in n=56 X 8 sessions
20117 programme Hypoglycaemia, recognition and psychopeda  education intervention  Type 1 every 3-4
treatment gogist, programme  group diabetes months
Programme motivational aspects, acceptance dietitian and 22 years 30 months
included cognitive  of diabetes, psychosocial nurse duration follow-up

and psychomotor
abilities

problems, and coping strategies

included cognitive and
psychomotor abilities

STOZ @1epdn
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Abbreviations: IAH, impaired awareness of hypoglycaemia.
(a) This study had 2 levels of randomisation of n=37 patients. First randomisation: education versus standard therapy; second randomisation: education plus SMBG versus education, versus
SMBG versus Standard therapy. Data used in this review are for the n=19 patients who remained in the education versus standard therapy groups throughout the entire study period.
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Outcomes

Conference abstracts were excluded for this review question because there was sufficient RCT data
found for the critical outcomes. However, there was no data reported in any of the studies for the
following outcomes:

e HADS score
e Adverse events

Outcomes were grouped into the following categories based on time-points:

e |ess than or equal to 6 months (or the one nearest to 6 months if multiple time-points are given in
the study)

e more than 6 months (or the longest one if multiple time-points are given in the study).

Heterogeneity

For the outcomes of HbA1c%, at both 6 and 12 months, when data were pooled into the meta-
analysis, there was significant heterogeneity (p<0.1 and I* more than 50%) between the trials (see
GRADE profiles in Appendix | and the forest plots in Appendix J). Three pre-specified subgroup
analyses were conducted in order to try to explain the heterogeneity, based on:

1. The type of comparison used in the studies - because the studies varied in the type of comparison
group that was used (see forest plots Figure 2 and Figure 29 in Appendix J).

1. Whether the structured education programme included a carbohydrate counting component (see
forest plots Figure 3 and Figure 30 in Appendix J).

2. Whether the patients recruited in the trials included those with impaired awareness of
hypoglycaemia (IAH) and/or severe hypoglycaemia or not (see forest plots Figure 4 and Figure 31
in Appendix J).

Less than or equal to 6 months

At less than or equal to 6 months (see Figure 2 in Appendix J) the heterogeneity could be partly
explained by the type of comparison used (test for subgroup differences shows p=0.005). The
analysis showed that structured education was favoured in lowering HbAlc when compared with
usual care, but there was no difference in HbAlc when structured education was compared with
other education groups or types of support.

Additionally, when using the pre-specified subgroup analysis of whether the structured education
included a carbohydrate counting component (see Figure 3 in Appendix J), the heterogeneity could
be partly explained (test for subgroup differences shows p=0.0002). The analysis showed that
structured education programmes that included carbohydrate counting were favoured in lowering
HbA1c when compared with usual care, but there was no difference between structured education
and the control group in HbAlc when only the control group had carbohydrate counting, when both
the groups included carbohydrate counting, and when neither of the groups included carbohydrate
counting.

An additional subgroup analysis was also performed to determine whether trials that included only
people with problematic hypoglycaemia (impaired awareness and/or a history of severe
hypoglycaemia versus trials with unselected type 1 diabetes patients or from which people with
problematic hypoglycaemia were excluded could explain the heterogeneity (see Figure 4 in
Appendix J). This analysis showed that heterogeneity could not be explained by the inclusion of only
hypoglycaemic patients in the study (test for subgroup differences shows p=0.05 and I =74.8%).
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More than or equal to 12 months

At more than or equal to 12 months (see Figure 29 in Appendix J) the heterogeneity could be
explained by the type of comparison used (test for subgroup differences shows p<0.00001). The
analysis showed that structured education was favoured in lowering HbAlc when compared with
usual care, but was worse when compared with other education groups or types of support (that is,
other education groups or types of support were better for lowering HbA1c).

Additionally, when using the pre-specified subgroup analysis of whether the structured education
included a carbohydrate counting component (see Figure 30 in Appendix J), the heterogeneity could
be explained (test for subgroup differences shows p<0.00001). The analysis showed that structured
education programmes that included carbohydrate counting were worse in lowering HbAlc when
compared with usual care (but, this was due to a single study, Trento 2011, of only 56 patients), but
when there was no carbohydrate counting in either the structured education programmes or the
control groups, structured education was favoured in lowering HbA1lc.

The subgroup analysis to see whether trials that included only patients with problematic
hypoglycaemia explained the heterogeneity was not conducted, as all the trials at 12 months were in
unselected type 1 diabetes patients.
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Table 34: Structured education programme versus control - usual care or other type of education (less than or equal to 6 months)

HbAlc, %

HbA1lc, % - MD only given

HbA1lc, % - SD not given

Severe hypoglycaemia (episodes/study)

Severe hypoglycaemia
(episodes/6 months)

Severe hypoglycaemia (episodes/month)
Severe hypoglycaemia

(episodes/patient/year)

Severe hypoglycaemia
(episodes/person) - SD not given
ADDQol - impact

ADDQol - impact and importance
DTSQ - total satisfaction

SF-36 physical

SF-36 physical health - MD only given
SF-36 mental

8 studies
(n=1396)

1 study (n=114)

1 study (n=60)

2 studies
(n=269)

1 study (n=111)

1 study (n=558)

3 studies
(n=433)

1 study (n=60)

1 study (n=139)

1 study (n=146)

1 study (n=139)

1 study (n=130)

1 study (n=60)

1 study (n=130)

Not serious

Serious

Very serious

Very serious

Not serious

Not serious

Not serious

Very serious

Not serious

Not serious

Not serious

Not serious

Very serious

Not serious

VERY LOW

VERY LOW

VERY LOW
VERY LOW

LOW

LOW

HIGH

VERY LOW

LOW

LOW

LOW

MODERATE

VERY LOW
MODERATE

MD 0.15 lower (0.27 to 0.03 lower) 8.0 final value in control

group

MD 0.06 lower (0.32 lower to 0.2  Not given

higher)
Data provided: HAATT 8.0% and SMBG 8.1%

14 more per 1000 (from 36 fewer 81
to 121 more)

MD 0.94 lower (1.7 to 0.18 1.07
lower)

MD 0.05 higher (0.04 lower to -0.1
0.14 higher)

MD 0.04 lower (0.37 lower to 0.29 1.2
higher)

Data provided: HAATT 0.4 and SMBG 1.7; p=0.03

MD 0.4 higher (0.34 lower to 0
0.46 higher)

MD 0.1 lower (0.36 lower to 0.16 1.1
higher)

MD 8.76 higher (7.09 to 10.43 22.8
higher)

MD 0.4 lower (2.53 lowerto 1.73 1.0
higher)

MD 2.2 higher (0.7 lower to 5 higher); p=0.14
MD 5 higher (1.09 to 8.91 higher) -0.8
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Hospital admissions

Symptomatic hypoglycaemia (perceived
frequency, scale 0-6)

Hypo unawareness (more recognition of
low blood glucose, % of patients)

Hypo unawareness (HAQ)

Hypo unawareness (change in Clarke
score, max 7)

Hypo unawareness (VAS) — SD not given

Hypoglycaemia unawareness
(%detection of low blood glucose) — no
SD given

Fear of hypo (Hypo fear survey) - Worry

Fear of hypo (Hypo fear survey) -
Behaviour

Fear of hypo (change in DSQoL)

Fear of hypo (Hypo fear survey) — Worry
— MD only given

Fear of hypo (Hypo fear survey) —
Behaviour — MD only given

Depression (CES-D)

1 study (n=130)
1 study (n=139)

1 study (n=111)

1 study (n=146)

1 study (n=160)

1 study (n=146)

1 study (n=60)

1 study (n=111)

1 study (n=111)

1 study (n=127)

1 study (n=111)

1 study (n=111)

2 studies
(n=306)

Not serious

Serious

Serious

Serious

Not serious

Very serious

Very serious

Not serious

Serious

Not serious

Very serious

Very serious

Not serious

MODERATE
VERY LOW

VERY LOW

VERY LOW

HIGH

VERY LOW

VERY LOW

LOW

VERY LOW

MODERATE

VERY LOW

VERY LOW

MODERATE

0 admissions in both groups

MD 0.24 lower (0.67 lower to 2.4
0.19 higher)

MD 12.40 higher (2.41 to 22.39 45.8
higher)

MD 0.3 lower (0.67 lower to 0.07 0.6
higher)

MD 0.1 lower (0.52 lower to 0.32 1.2
higher)

MD 0.8 higher (0.2 to 1.4 higher); 5.3
p=0.05

Data provided: HAATT 70% and SMBG 55%, p=0.005

MD 0.60 higher (3.42 lower to 14.6
5.12 higher)

MD 2.10 higher (0.63 lower to 11.6
4.83 higher)

MD 5.34 lower (12.11 lower to -3.91
0.23 higher)

MD 2.4 lower (7.2 lower to 2.4 higher); p=0.33

MD 0.01 lower (2.9 lower to 2.9 higher); p=0.99

MD 0.2 lower (0.85 lower to 1.45 6.2
higher)
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Depression (CES-D) - no SD given
Anxiety (STAI)

PAID

PAID - no SD given

Knowledge, % correct answers

Knowledge (change score out of 11)

Adherence

1 study (n=86)
1 study (n=146)

1 study (n=146)

1 study (n=86)
1 study (n=77)

1 study (n=160)

1 study (n=160)

Very serious

Not serious

Not serious

Very serious

Not serious

Not serious

Very serious

VERY LOW
LOW

LOW

VERY LOW
LOW

HIGH

LOW

Data provided: BGAT 15.8 and Control 13.5, p=0.74

MD 0.50 higher (1.54 lower to 37.1
2.54 higher)

MD 0.70 lower (4.45 lower to 24
3.05 higher)

MD 0 higher (0 to 0 higher) 38.7
MD 7.50 higher (6.63 to 8.37 72
higher)

MD 0.10 higher (0.4 lower to 0.6 0.6
higher)

13 fewer per 1000 (from 24 fewer to 250
108 more)
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Table 35: Structured education programme versus control - usual care or other type of education (more than or equal to 12 months)

HbA1c, % pooled

HbA1lc, % (between 6 and 12 months)

HbAlc, % - MD only given
Severe hypoglycaemia (episodes/study)

Severe hypoglycaemia
(episodes/6 months)

Severe hypoglycaemia
(episodes/12 months) - SD not given

Severe hypoglycaemia (episodes/person) -

SD not given
DQol

SF-36 physical health - MD only given

Hypo unawareness (more recognition of
low blood glucose, % of patients)

Fear of hypoglycaemia (Hypo fear survey) -

Worry

Fear of hypoglycaemia (Hypo fear survey) -

Behaviour

Fear of hypoglycaemia (Hypo fear survey)
—Worry — MD only given

5 studies
(n=300)

1 study (n=86)

1 study (n=114)

1 study (n=56)

1 study (n=111)

1 study (n=114)

1 study (n=60)

2 studies
(n=114)

1 study (n=60)

1 study (n=111)

1 study (n=111)

1 study (n=111)

1 study (n=102)

No serious

Very serious

Serious

Very serious

Serious

Very serious

Very serious

Not serious

Very serious

Serious

Serious

Not serious

Very serious

VERY LOW

VERY LOW

VERY LOW
VERY LOW

VERY LOW

VERY LOW

VERY LOW

LOW

VERY LOW
VERY LOW

VERY LOW

LOW

VERY LOW

MD 0.08 higher (0.01 lower to 0.17
higher)

Study reported that there was NS change in either of the
groups

MD 0.01 higher (0.3 lower to 0.32 higher); p=0.94
21 fewer per 1000 (from 143 fewer 207

to 331 more)

MD 1.65 lower (2.86 to 0.44 lower) 1.78

MD 0.05 lower (0.61 lower to 0.5 higher); p=0.94
Data provided: HAAT 1.76 and SMBG 3.65; p<0.023

MD 2.40 lower (3.13 to 1.67 lower) 4.27

MD 1.9 higher (0.8 lower to 4.6 higher); p=0.17

MD 17.2 higher (7.77 to 26.63 48.0
higher)
MD 1.50 lower (5.78 lower to 2.78 14.7
higher)
MD 0.60 lower (3.48 lower to 2.28 12.2
higher)

MD 1.4 lower (6.2 lower to 3.4 higher); p=0.57
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Fear of hypoglycaemia (Hypo fear survey)
— Behaviour — MD only given

Depression (CES-D) - no SD given
PAID - no SD given

Knowledge, % of correct answers
Knowledge of diabetes (GISED)

1 study (n=102)

1 study (n=86)
1 study (n=86)

1 study (n=77)
1 study (n=56)

Very serious

Very serious

Very serious

Not serious

Not serious

VERY LOW

VERY LOW
VERY LOW

LOW
LOW

MD 1.2 lower (4.2 lower to 1.9 higher) ;p=0.45

Data provided: BGAT 15.5 and Control 15.4, p=0.19

Data provided: BGAT 45.4 and
Control 38.3, p=0.68

MD 7.50 higher (6.63 to 8.37 higher)
MD 1.14 higher (1.04 to 1.23 higher)

64.9
1.59
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7.2.4 Economic evidence

Published literature

One study was included with the relevant comparison®®. This is summarised in the economic

evidence profile below (Table 36). See also the study selection flow chart in Appendix E and study
evidence tables in Appendix H.

In addition, NICE Technology Appraisal 60°® recommends that “structured patient education is made
available to all people with type 1 diabetes at the time of initial diagnosis and then as required on an
on-going basis, based on a formal, regular assessment of need of which the DAFNE programme may
be a suitable option for individuals with type 1 diabetes”. They also summarise that “given the
relatively small costs associated with education programmes, only small improvements in terms of
morbidity or health-related quality of life are needed to make educational interventions cost
effective”.

In the previous version of this guideline, one Health Technology Assessment identified only one study
on type 1 diabetes and this has been selectively excluded®*. Three new studies that met the
inclusion criteria were selectively excluded due to the availability of a UK CUA.'*>***’® One study
that met the inclusion criteria was selectively excluded as the included study®®® was its updated
version. The excluded studies are listed in Appendix L.

648
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Table 36: Economic evidence profile: Structured training and treatment programme (STTP) (DAFNE) versus current practice

Study
Increment  Increment
Applicability Limitations Other comments al cost al effects
Kruger Directly Potentially DAFNE vs. current practice £426 0.0294
2013*” (UK)  applicable’  serious” HbA1c was the key surrogate QALYs

outcome influencing long-
term diabetes-related
complications modelled
through the Sheffield Type 1
Diabetes Policy Model.

Cost
effectivenes
3

£14,475 per
QALY

Uncertainty

Probability DAFNE is cost-effective at
£20,000 per QALY threshold: 54%.

DAFNE was dominant or still cost-effective
when: 6-month HbAlc was predicted from
RCT as 12-month, 4-year HbAlc maintained
for lifetime, 6-month HbA1lc predicted from
RCT as 12-month and 4-year HbAlc
maintained to 7 years, 12 month HbAlc
maintained to year 7, 6-month HbAlc
predicted from RCT as 12-month and
maintained to year 7, 4-year HbAlc
maintained to 7 years, 6-month HbAlc
predicted from RCT as 12-month and HbA1lc
returns to baseline levels after 1 year,
probabilities of severe hypoglycaemia and
ketoacidosis differ between arms and
linked to HbAlc based on research
database.

If HbAlc returns to baseline levels after

1 year: ICER £78,227 per QALY gained

(a) CUA from the UK, NHS perspective. However the Sheffield Type 1 Diabetes Policy Model used published data from non-UK settings to define risk of long-term complications, some of which
are now very old (for example DCCT). Old and non-UK data may not accurately represent the incidence of complications in the UK DAFNE population.

(b) It is possible not all the costs were included as PSS costs were not included. The study was only conducted over ten years where the full benefits of structured educational programmes are
unlikely to be realised within ten years. The analysis used only HbA1c change to represent the clinical effectiveness of DAFNE. HbAlc was assumed to be equivalent between those
individuals who had and had not received training. Health related quality of life data was unavailable for type 1 diabetes and so outcomes were estimated using multivariate statistical
models developed for type 2 diabetes. In addition authors assumed that macro vascular complications have no impact on morbidity.
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7.2.5

Evidence statements

Clinical

Overall summary

Programmes examined were:
BGAT

BGAT-III

HyPOS

HAATT

DAFNE

BITES

De Weert et al.
Korhonen et al.
PRIMAS

Rossi et al., 2010
Rossi et al., 2013
Terent et al.
Trento et al., 2005
Trento et al., 2011

Evidence was graded as moderate, low or very low for all the outcomes considered in the review.

O 0O O 0O O O o o o o o o o o

In a meta-analysis of RCTs comparing various programmes of structured education, there was no
overall impact on HbAlc at 6 or 12 months of follow-up. The exception to this is DAFNE and
PRIMAS, DAFNE resulted in a reduction in HbA1lc difference of 1% (-1.42 to — 0.58%) at 6 months,
and PRIMAS resulted in a reduction of 0.4% (-0.65 to -0.15), also at 6 months.

Several programmes had a positive impact on severe hypoglycaemia when analysed individually.
BGAT lll, HAATT, Rossi 2013 and HyPOS showed a reduction in severe hypoglycaemia at 6 months,
and BGAT and HAATT showed benefit also at 12months.

o Of these three programmes, BGAT Ill encouraged the recruitment of people with severe
hypoglycaemia (64% at baseline versus 47% in controls) while a history of severe
hypoglycaemia was required of recruits to HAATT and HyPOS.

e DAFNE, which did not recruit people specifically with problematic hypoglycaemia, did not
demonstrate a significant reduction in severe hypoglycaemia in its RCT, although, there was no
significant increase despite the fall in HbAlc.

o BGAT lll was also associated with improved hypoglycaemia awareness at 6 and 12 months, as
did HyPOS at 6 months.

Improved quality of life was demonstrated in DAFNE (ADDQol- impact; DTSQ).

When all the programmes are pooled together in meta-analysis, the studies showed no clinically

significant benefit of structured education programmes versus control groups on all clinical and

psychological outcomes except for:

o At less than or equal to 6 months:

— Severe hypoglycaemia — episodes every 6 months (favours structured education —
evidence-based on BGATT lll).

— Severe hypoglycaemia — episodes per person, SD not given (favours structured education -
evidence based on HAATT).
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DTSQ total satisfaction (favours structured education — evidence based on ROSSI 2010)
ADDQolL- impact (favours structured education — evidence based on ROSSI 2010

Hypoglycaemia unawareness - % of patients with a greater recognition of low blood sugar
(favours structured education — evidence based on BGATT IIl and HAATT)

Hypoglycaemia unawareness - HAQ (favours structured education - evidence based on
HYPQOS)

Knowledge - % of correct answers (favours structured education - evidence based on
Korhonen)

o At 12 months:

Severe hypoglycaemia — episodes every 6 months (favours structured education — evidence
based on BGATT llI)

Severe hypoglycaemia — episodes per person, SD not given (favours structured education —
evidence based on HAATT)

Hypoglycaemia unawareness - % of patients with a greater recognition of low blood sugar
(favours structured education — evidence based on BGATT lll)

Knowledge - % of correct answers (favours structured education — evidence based on
Korhonen and Lennon)

Knowledge - GISED (favours structured education — evidence based on Trento 2005 and
Trento 2011)

e However, the quality of evidence for all of these outcomes (at both 6 and 12 months), was Low or
Very low.

e However, when looking at the programmes individually, DAFNE and PRIMAS were the only
programmes that showed some benefit on clinical outcome (HbA1c) which is clinically important
versus a usual care control group DAFNE and PRIMAS show a difference, but the difference is lost
when data from all the education programmes are pooled together.

o Subgroup analyses at 6 months and 12 months:

When looking at the subgroup analyses of carbohydrate counting, the studies show that
carbohydrate counting when combined with education is better for HbAlcat 6 months, but
not at 12 months (the 12 months data was based on a small single study).

Studies with CHO counting in education versus no CHO counting showed benefit of
education on HbAlc

Studies of education versus usual care showed benefit of education on HbA1lc

Studies recruiting not solely hypoglycaemic patients showed benefit of education on
HbAlc, but there is significant heterogeneity.

Economic

One cost-utility analysis found that DAFNE was cost effective compared with no DAFNE (ICER:
£14,475 per QALY gained). This analysis was assessed as directly applicable with potentially serious
limitations.
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7.2.6 Recommendations and link to evidence

Recommendations

Relative values of
different outcomes

12.0ffer all adults with type 1 diabetes a structured education programme
of proven benefit, for example the DAFNE (dose-adjustment for normal
eating) programme. Offer this programme 6—12 months after diagnosis,
at a time that is clinically appropriate and suitable for the person. [new
2015]

13.Explain to adults with type 1 diabetes that structured education is an
integral part of diabetes care. [new 2015]

14.Provide an alternative of equal standard for a person unable or
unwilling to participate in group education. [new 2015]

15.Ensure that any structured education programme for adults with type 1
diabetes includes the following components ":

o Itis evidence-based, and suits the needs of the person.

o It has specific aims and learning objectives, and supports the person
and their family members and carers in developing attitudes,
beliefs, knowledge and skills to self-manage diabetes.

e It has a structured curriculum that is theory-driven, evidence-based
and resource-effective, has supporting materials, and is written
down.

e Itis delivered by trained educators who have an understanding of
educational theory appropriate to the age and needs of the person,
and who are trained and competent to deliver the principles and
content of the programme.

e Itis quality assured, and reviewed by trained, competent,
independent assessors who measure it against criteria that ensure
consistency.

o The outcomes are audited regularly. [new 2015]

16.Provide information about type 1 diabetes and its management to
adults with type 1 diabetes at all opportunities from diagnosis onwards.
Follow the principles in the NICE guideline on patient experience in
adult NHS services. [new 2015]

17.Consider the Blood Glucose Awareness Training (BGAT) programme for
adults with type 1 diabetes who are having recurrent episodes of
hypoglycaemia (see also Section 11). [new 2015]

The GDG were aware that in type 1 diabetes, as in many chronic diseases, education
programmes can be shown to improve knowledge. They were particularly concerned
with measures that produce benefit in terms of improved disease control. Not all of
the educational programmes were designed with exactly the same aim in mind; for
example, BGAT was designed specifically to combat major fluctuations in blood
glucose, particularly episodes of hypoglycaemia, and did not incorporate some of the
wider aspects of patient education which are featured in other programmes. The

i Components of a structured education programme adapted from the NICE quality standard on diabetes in adults.


http://www.dafne.uk.com/
http://www.dafne.uk.com/
http://www.nice.org.uk/guidance/CG138/chapter/1-Guidance#/
http://www.nice.org.uk/guidance/CG138/chapter/1-Guidance#/
https://www.nice.org.uk/guidance/qs6/chapter/quality-statement-1-structured-education
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Trade off between
clinical benefits and
harms

Economic
considerations

Quality of evidence

GDG felt that this had to be allowed for assessing the outcome measures. Overall,
the GDG were interested in HbAlc as an objective measure of continuing glucose
control and in improvements in quality of life.

It was noted that the outcome measures could not necessarily be taken in isolation.
For example, superficially, anything which lowers HbA1lc levels is valuable, but if this
is achieved to the extent that episodes of hypoglycaemia also become more
frequent, then it would become harmful.

Heterogeneity was noted in the outcome measures, which is readily apparent in the
forest plots (Appendix J). Both the DAFNE and PRIMAS programmes produced
statistically and clinically significant benefits in HbAlc which were not shown in any
other individual study (except for Lennon 1990, which the GDG did not consider
strongly because it was a very old study in only 74 people with an unusually high
HbA1c of nearly 12%). This was apparent at the 6 month time point (and after

12 months in DAFNE when all patients in both arms of the trial continued on DAFNE -
12 month data only available for one arm). The DAFNE programme also showed
benefits in some, but not all, components of the quality of life analysis.

The BGAT programme was shown to improve hypoglycaemia unawareness.

In a meta-analysis of RCTs comparing various programmes of structured education,
there was no overall impact on HbAlc at the 6 or 12 month follow-up. The exception
to this is DAFNE, which resulted in a reduction in HbAlc difference of 1% (-1.42 to
0.58%) at 6 months.

Several programmes had a positive impact on severe hypoglycaemia when analysed
individually. BGAT IIl, HAATT, %% and HyPOS showed a reduction in severe
hypoglycaemia at 6 months, and BGAT and HAATT showed benefit also at

12 months. Of these three programmes, BGAT Ill encouraged the recruitment of
people with severe hypoglycaemia (64% at baseline versus 47% in controls) while a
history of severe hypoglycaemia was required of recruits to HAATT and HyPOS.
DAFNE, which did not recruit people specifically with problematic hypoglycaemia,
did not demonstrate a significant reduction in severe hypoglycaemia in its RCT.
BGAT lll is also associated with improved hypoglycaemia awareness at 6 and

12 montbhs, as well as HyPOS at 6 months.

Improved quality of life was demonstrated in DAFNE (ADDQoL- impact; DTSQ).

The studies did not report any direct harms of educational programmes, nor is it
expected that there would be any. The GDG discussed whether the programmes
might increase anxiety levels in some patients with type 1 diabetes, but there was no
evidence of this.

The GDG considered the cost-effectiveness analysis of an education programme
based on the DAFNE programme. This was an update of a previous analysis which
showed that the DAFNE programme was highly cost effective. Although the ICER is
much higher in the more recent SCHARR analysis, this analysis is based on national
audit outcome data rather than data from an RCT which informed the earlier
analysis, and the HbAlc reductions have been less in the audit than had been
anticipated from the RCT results. Nonetheless, the ICER is still below the
conventional NICE threshold of £20,000 per QALY and the GDG could therefore
conclude that the DAFNE programme is a cost effective intervention. The SCHARR
analysis assumed no impact of DAFNE on hypoglycaemia.

Although there is no evidence for other education programmes, or for short or long
courses, the GDG acknowledge that other courses of similar content, structure and
criteria may also have the potential to be cost-effective.

GRADE analysis suggested that the data on structured education programmes is
generally of Low or Very low quality. The main reasons for this were imprecision and
also the heterogeneity between studies, but to some extent, this is understandable
since the education programmes are all different, and in some cases have a
particular primary focus, albeit there is overlap between the components.
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It was noted that the studies were typically performed with people who have had
diabetes for a number of years. In general, the GDG felt that education should be
offered to patients at a much earlier stage of diagnosis (and indeed, this is now what
happens in practice). There are surprisingly few data on the use of the intervention
at this time-point.

Other considerations There is a strong impression amongst healthcare professionals that education is of
value in type | diabetes, and people with type 1 diabetes naturally have a strong
desire to be able to control the condition, so it was disappointing that results across
the range of educational programmes were not unequivocally positive. In the
broader educational programmes, the results of the DAFNE and PRIMAS studies
were superior to others. The GDG were aware that DAFNE was a programme already
used widely in the UK, whereas PRIMAS was a specific programme in Germany, and
thus, DAFNE (along with its greater improvement in HbAlc compared with PRIMAS)
was considered to be the education programme of choice. The GDG debated
whether their recommendation should specify that DAFNE alone could be employed.
They were aware that there are other educational packages which appear to be
useful but have not been formally studied. However, on the other hand, the results
of the papers considered make it clear that educational programmes have been
devised, which turn out to be of noaudit data on the DAFNE programme delivered in
routine clinical practice.328 This showed benefits on HbAlc, severe hypoglycaemia,
hypoglycaemia awareness, well-being and psychological stress. The GDG were also
aware of evidence pertaining to follow-up education programmes and the
importance of sustaining and providing ongoing support to patients, although, this
was not the remit of this review. However, such studies show sustained
improvement in outcomes (for example the DAFNE programme.m)

Taking all of this into consideration, as well as the RCT evidence, the GDG decided
that they should stipulate that structured education programmes had to fulfil the
criteria of the NICE quality standards.”™

There was also a debate about when the programme should be offered. As already
noted, the formal studies have been performed in patients with a relatively long
duration of diabetes, but all members of the GDG felt that the programme should be
offered earlier on. It was felt that the first few months post diagnosis are a period of
considerable adjustment and that trying intensive education at this stage would be
less worthwhile and even counter-productive. The overriding principal is that the
programme should be undertaken when the person with diabetes feels ready to
engage fully, but the consensus was that for most people it would be worthwhile
enrolling in DAFNE (or similar) from a time point of 6-12 months post diagnosis.

18.Carry out more formal review of self-care and needs annually in all adults with type 1 diabetes.
Vary the agenda addressed each year according to the priorities agreed between the healthcare
professional and the adult with type 1 diabetes. [2004, amended 2014]

Specific recommendations on patient education and information-giving in particular aspects of care
are given in individual sections of this guideline.

7.2.7 Research recommendations

3. In adults with type 1 diabetes, what methods can be used to increase the uptake of structured
education programmes and to improve their clinical outcomes (particularly achieving and
sustaining blood glucose control targets)?

Why this is important

Structured education programmes in flexible insulin therapy have been shown to improve diabetes
control (lower HbA1c and less hypoglycaemia) but achieving and sustaining optimal diabetes control
for avoidance of complications remains challenging. Some people fail to achieve ideal targets for
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glycaemic control; others achieve but cannot maintain them and still others do not access structured
education at all. We therefore need to develop and test (1) more effective ways of engaging adults
with type 1 diabetes in education; (2) improvements in the delivery of education to increase the
number of people achieving targets for diabetes control and (3) enhanced support for adults with
diabetes to sustain good diabetes control over time. If we can improve the uptake and delivery of
clinically and cost effective education and support for adults with type 1 diabetes we will see a
reduction in the short and long term complications of the condition.

4. In adults with newly diagnosed type 1 diabetes, what is the optimal timing and method of
delivering structured education in terms of clinical and cost-effectiveness?

Dietary management

The 2015 GDG reviewed evidence in two areas that were not covered in 2004: Carbohydrate
counting and Gl diets. All other recommendations on dietary management from 2004 have been
retained. The dietary management content from 2004 can be found in Appendix S.

Introduction to new evidence reviews on carbohydrate counting and Gl diets [2015]

Carbohydrate is the macronutrient that has the greatest impact on glycaemic control. Carbohydrates
include starches and sugars which are converted during the digestive process to glucose, the main
purpose of which is to provide energy for the body. Starches are either oligosaccharides or
polysaccharides, and are found in foods, such as bread, pasta, rice and potato. Sugars are either
monosaccharides, such as glucose and fructose, or disaccharides, such as sucrose and lactose.

In the past it was largely assumed that sucrose-based carbohydrate foods had the largest impact on
post-prandial blood glucose. It is now well established that the total carbohydrate or the glycaemic
load is the main predictor of the rise in blood glucose levels postprandially.>*® Traditionally, people
with diabetes were taught to estimate the carbohydrate content of food to be eaten, so that
carbohydrate quantities could be prescribed for each meal to match insulin doses.

In modern diabetes management, insulin regimens, such as multiple daily insulin injections (MDI) or
continuous subcutaneous insulin infusion (CSII), deliver basal (to control the body’s own glucose
production) and meal-related insulin replacement. For the latter, people with type 1 diabetes are
taught to estimate or ‘count’ the carbohydrate in food to be eaten and adjust the insulin dose for the
proposed meal accordingly, using individual insulin-to-carbohydrate ratios to estimate the insulin
dose.'” Accurate carbohydrate counting is key to the success of such flexible regimens, while for
patients who are on fixed meal doses in a MDI regimen or still using twice-daily pre-mixed insulin, it
is important to have consistent quantities of carbohydrate at every meal time. For the latter, it is also
advantageous to keep the timings of meals consistent. In all these circumstances, people with
diabetes need to be trained in carbohydrate counting. This is often incorporated into structured
education programmes that aim to cover many aspects of insulin self-management, however,
carbohydrate counting skills are often taught as a stand-alone topic. Carbohydrate counting can be
taught in a one-to-one consultation by a Diabetes Specialist dietitian, by e-learning.””>*” or by
attending a structured education course (see Section 7.2).

Almost all current meal-related insulin regimens are based on matching insulin dose to quantities of
carbohydrate eaten. It follows that, if less carbohydrate is consumed, with a larger part of the diet
coming from protein and fat, less insulin will be required. There have been suggestions that even in
today’s era of “normalising”, the diet for the adult with type 1 diabetes, restricting but not omitting
carbohydrate intake, may improve diabetic control, particularly if the person with type 1 diabetes is
overweight.
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Prandial insulin doses are given to maximise the match between the rise of insulin in the circulation
and the rise in blood glucose after the meal. The blood glucose profile from carbohydrate consumed
is influenced by the nature of the carbohydrate containing food to be eaten. The ‘glycaemic index’ or
Gl of a food describes the area under the blood glucose curve after its consumption in comparison to
a standard unit, such as one slice of white bread. Foods with a low Gl are thought to facilitate
diabetes control as the blood glucose response is slower to rise and fall, and in theory, easier to
control with injected insulin. However, the Gl of a food varies with method of preparation and with
other foods consumed at the same time in a mixed meal, making the value of Gl estimation as a
major dietary intervention less easy to predict.

This chapter aims to address these questions:

e In adults with type 1 diabetes, what is the clinical and cost-effectiveness of carbohydrate counting
or restriction for optimal diabetic control?

e In adults with type 1 diabetes, what is the clinical and cost-effectiveness of a diet based on the Gl
for optimal diabetic control?

7.3.2 Review question: In adults with type 1 diabetes, what is the clinical and cost-
effectiveness of carbohydrate counting or restriction for optimal diabetic control?

For full details see review protocol in Appendix C.

Table 37: PICO characteristics of review question

Population Adults with type 1 diabetes

Intervention/s Carbohydrate counting/restriction (this may involve technology, such as a bolus
calculator)

Comparison/s e Placebo

Usual care/no carbohydrate counting

Manual carbohydrate counting (if the intervention is carbohydrate counting using a
technology)

HbAlc
Hypoglycaemia

Outcomes

Severe hypoglycaemia

Nocturnal hypoglycaemia
e Quality of life (continuous)
e Adverse events
Study design RCTs, observational studies
e Unit of randomisation: individual patient

7.3.3 Clinical evidence

This review was divided into studies that compared:
e Carbohydrate counting versus no carbohydrate counting

e Carbohydrate counting using technology (such as a bolus calculator) versus manual carbohydrate
counting

176,413,623,627 413,623,627

Four studies were included in the first part of this review . Three of the studies
were RCTs comparing patient carbohydrate counting with no carbohydrate counting. The fourth
study'’® was an observational study (prospective case-series) of a prescribed diet and prescribed
insulin doses and regime based on carbohydrate counting. Evidence from all the studies is
summarised in Appendix G. Evidence from the three RCTs is summarised in the clinical GRADE
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evidence in Appendix |. See also the study selection flow chart in Appendix D, forest plots in
Appendix J, study evidence tables in Appendix G and exclusion list in Appendix K.

There were no data reported in any of the studies for the following outcomes:
e Nocturnal hypoglycaemia
e Adverse events.

Eight studies®*®7:22%374383.464627.770 \ e e jdentified and included for the second part of the review

which compared carbohydrate counting using technology (such as a bolus calculator) versus manual
carbohydrate counting. Three of the studies*®**?”””’° were RCTs comparing carbohydrate counting
with the use of a bolus calculator with manual carbohydrate counting. Evidence from these three
RCTs is summarised in the clinical GRADE evidence in Appendix I. See also the forest plots in
Appendix J. The remaining 5 studies®*®?2%%#3% \ere observational studies, and therefore were not
able to be combined in a meta-analysis or GRADE profile, and were graded as Low quality (due to
their study design). However, a summary of the quality and limitations of these studies can be found
in Appendix G. The study details and the full results have been summarised in tables below.

For the comparison of bolus calculators versus manual carbohydrate counting there were no data
reported in any of the studies for the following outcomes:

e Nocturnal hypoglycaemia

e Adverse events.
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Table 38: Summary of studies included in the review: Carbohydrate counting versus no carbohydrate counting

Study Intervention Comparison

RCTs

SCHMIDT  CarbCount CarbCount

2012 Automated
Bolus

RCT Calculator
(CarbCount
ABC)
and
control (no
carb count)

LAURENZI  CHO counting No CHO

2011 counting

RCT

SCAVONE  CHO counting No carb

2010 counting

RCT

Population

Type 1 diabetes

n=63 (n=8 control, n=21,
CarbCount; n=22, CarbCount
Automated Bolus Calculator)

n=61

Adults aged 18-65 years with
Type 1 diabetes

SClI for >3 months

No previous training in CHO
counting

SCIl (Glulisine, Lispro or
Aspart)

SMBG 6-times daily

n=256

Type 1 diabetes duration
>5 years

No subjects had followed
any dietetic or educational
programme previously

Follow-up

16 weeks

24 weeks
(training
during first 12
weeks in
intervention

group)

9 months
(nutritional
education
programme
and CHO
count training
4 weeks

Outcomes

ABC CarbCount and CarbCount were SS better than no carb counting
for:

HbA1c (final values; ABC: 8.1+0.4%; CC: 8.4+0.9%; CHO alone 8.9+1.1%;
ANOVA P=0.029)

DTSQ

There was NS difference between the groups for:
e Severe hypoglycaemia

e HFS score

e PAID score

e ADDQOL score

CHO counting group was SS better than no CHO counting group for:
DSQOLS diet restrictions score (change score; median 5.5 vs. 0)
There was NS difference between the groups for:

HbA1c (change from baseline; P=0.252) using ACA (Note: not enough
data reported for forest plot).

Severe hypoglycaemia (no events observed during the study)

Frequency of mild hypoglycaemic events (BG 2.8 mmol/litre) using ACA
(Note: not enough data reported for forest plot)

DSQOLS (social relations score, leisure-time score, physical complaints
score, future worries score, daily hassles score, hypoglycaemia fears
score)

CHO counting group was SS better than no CHO counting group for:
HbA1c (change from baseline) using ACA

CHO: Baseline 7.8+1.3%; 9 months 7.4£0.9%

Control: Baseline 7.5£0.8%; 9 months 7.5£1.1%

Note: not enough data reported to present as change scores,
presented as final values on forest plot.
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Study

Intervention Comparison

Non-randomised trials

DIAS 2010

Observati
onal:
prospectiv
e case-
series

Diet and insulin  Baseline
doses

prescribed

based on CHO

counting

Population
Evening basal insulin and SA
insulin at meal times

SMBG 6-times daily

n=55

Mainly adults (10-60 years)
Type 1 diabetes (ADA
criteria)

Evening basal NPH insulin
and SA insulin at meal times
No SMBG during study

Follow-up
preceding in
intervention
group)

3 months

Outcomes
Frequency of mild hypoglycaemic events (BG <3.9 mmol/litre; CHO: 4%;
control: 7%) using ACA

3 month follow-up was SS better than baseline for:
HbA1c (baseline 10.40+0.33%; 3 months 9.52+0.32%; P=0.0009)

38/51 patients had a reduction in HbA1lc from baseline; 11/51 patients
had an increase in HbAlc from baseline and 2/51 patients had no
change.

Note: patients not SMBG or carb counting themselves during study

Table 39: Carbohydrate counting using bolus calculator or other technology versus manual carbohydrate counting

Study

Carbohydrate counting with bolus calculator

MAURIZI
2011

RCT

SCHMIDT
2012
(same as
above)

RCT

Intervention Comparison

Calsulin bolus CHO
calculator counting
CarbCount CarbCount
Automated

Bolus v
Calculator

(CarbCountAB

Q) control (no

carb count)

Population

n=40

Adults aged 16-65

Type 1 diabetes (ADA
definition)

Type 1 diabetes duration
21 year

Type 1 diabetes

n=63 (n= n=8 control,
n=21, CarbCount; n=22,
CarbCount Automated
Bolus Calculator)

Follow-up

6 months

16 weeks

Outcomes

Calsulin group was SS better than CHO counting alone group for:

HbA1c (6 months; change scores; calsulin -0.85%; CHO alone -0.07%)
There was NS difference between the groups for:
HbA1c (3 months; final values; calsulin 7.3+0.5%; CHO alone 7.7+1.0%)

Frequency of hypoglycaemic events (Not enough data reported for forest plot
and GRADE - only stated no SS difference between groups)

ABC CarbCount and CarbCount were SS better than no carb counting for:

HbA1c (final values; ABC: 8.1+0.4%; CC: 8.4+0.9%; CHO alone 8.9+1.1%;
ANOVA P=0.029)

DTSQ

There was NS difference between the groups for:

e Severe hypoglycaemia

e HFS score

e PAID score
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ZIEGLER Carb counting

2013 (BG meter
with bolus

RCT calculator)

KLUPA Bolus

2008 calculator

Observati

onal

retrospect

ive cohort

study

FRANC Phone bolus

2009 calculator for
FIT CHO

Observati  counting

onal

prospectiv

e case-

series

Manual carb
count
(standard
BG meter
with manual
bolus
calculation)

No BC
(trained in
CQ)

CHO
counting
using FIT

Type 1 diabetes and type
2 diabetes (93% Type 1
diabetes) on MDI
treatment

n=218

n=18

Type 1 diabetes

Treated with CSII
Trained in food counting
(including carb, protein
and lipid counting and Gl
estimation)

n=35

Type 1 diabetes duration
21 year

Use of CHO counting
using flexible intensive
insulin therapy (FIT) for
at least 6 months

SCIl or MDI

Carbohydrate counting using other technologies

BAO 2011 Fll algorithm +
CHO counting
RCT Fo ca.lculate
insulin dose
crossover

(lab test meal)

CHO
counting
alone to
calculate
insulin dose
(lab test
meal)

e n=31
e Adults aged 218 and
<70

e Type 1 diabetes
duration >1 year

e HbAlc <9%

26 weeks

Bolus
calculator
provided 9
months
previously

4 months

3 hours
after each
test meal

e ADDQOL score

Bolus calculator was SS better than manual CHO counting group for:

QOL (DTSQ; 8 questions of 7-point scale; BC 11.4+6.0; CHO alone 9.0+6.3)
Manual CHO counting group was SS better than bolus calculator group for:
Mild Hypoglycaemia (no. of patients <70 mg/dl; BC 43/105, CHO alone 31/113)
There was NS difference between the groups for:

HbA1c (change scores; BC -0.7£0.7%; CHO alone -0.5+0.7%)

Severe hypoglycaemia (no. of patients <36 mg/dl or 3rd party; BC 11/105, CHO
alone 7/113)

There was NS difference between the groups for:

HbA1c (final values; BC 6.8%; CHO alone 7.0%).

Hypoglycaemic episodes/day (CMBG n=3 in each group; BC 1.4; CHO alone 1.6)

Use of bolus calculator was SS better than baseline (CHO counting alone) for:
HbA1lc (change scores; baseline 7.8+0.9%; 4 months 7.3+0.6%)

There was NS difference from baseline for:

Mild hypoglycaemic events at 12 weeks (BG<3 mmol/litre;
events/individual/week; Baseline 1.4; 12 weeks 0.8)

Patients reported to vary CHO content from one day to the next and enjoy
dietary freedom

e Fll group was SS better than CHO counting alone group for:
o Time within normal BG (4-10mmol/I) in 3 hour post-prandial period
e There was NS difference between the groups for:
o Severe hypoglycaemia (3 hour post-prandial period; no events in either

group)
o Mild hypoglycaemic episodes (3 hour post-prandial period; Fll 6 episodes;
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KILBRIDE CHO counting

2011 algorithm
developed

Cohort considering

study exercise

(prospecti ~ (lab Lt

ve) exercise
session)

BRAZEAU Patient

2013 estimate of
CHO

Cross-

sectional

study

(accuracy

of patient

CHO

estimates

in CHO

counting)

self-
managemen
t (patients
experienced
in CHO
counting;
lab test
exercise
session)

Dietitian
assessment
of CHO

Use of SCII (including

bolus calculator) for >2

months and reliable

SMBG 4-times daily

e n=14

e Adults (20-50 years)

e Type 1 diabetes
duration > 2 years

e HbAlc <10%

e Experienced in CHO
counting by education

Basal-bolus insulin

regime

e n=50
e Adults 218 years

e Type 1 diabetes
duration >6 months

e Had worn a CGM for
72 hours and had
concomitantly
assessed CHO content
in food diary in >75%
meals

e SCll (n=10), basal
insulin and MDI
(n=39), intermediate
NPH bedtime insulin
(n=1)

SA insulin at meal times

2 weeks
(week 1:
self-
manageme
nt; week 2:
CHO/exerc
ise
algorithm

72 hours

(patient
estimates
of CHO
content
and
dietitian
assessmen
t of CHO
content
from food
diary
compared
over 72
hours)

CHO alone 1 episode)

e Exercise algorithm + CHO counting was SS better than CHO counting alone
for:
o Duration of hypoglycaemia during 40 exercise session (<4mmol/I)
o Duration of hypoglycaemia during 6-hour post exercise period (<4mmol/l)
¢ Mild hypoglycaemic episodes (episodes/week; self-reported)
o Algorithm: 2; CHO counting alone: 18 (on exercise days)
o Algorithm: 27; CHO counting alone: 34 (on non-exercise days)
e There was NS difference between the treatments for:
Severe hypoglycaemic episodes (no events during either treatment)
e Lower accuracy of patient CHO content estimates was a predictor of shorter

time spent within normal BG range (4-10mmol/L) and longer time spent in
hyperglycaemia (>10mmol/L).
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Table 40: Clinical evidence summary: Carbohydrate counting versus no carbohydrate counting

>6 months 1 None LOW MD 0.1 lower (0.41 lower to 0.21 higher) - 7.5£1.1% (final value)
MD 0.4 lower (change score®) 0% change score®

<6 months 1 Serious MODERATE  MD 0.5 lower (1.35 lower to 0.35 higher)b - 8.9+1.1%

>6 months 1 Very serious VERY LOW 30 fewer per 1000 (from 59 fewer to 73 more) 71 per 1000 -

<6 months 2 Very serious LOW 15 fewer per 1000 (from 58 fewer to 393 63 per 1000 -
more)

Diet restrictions 1 Serious LOW SS higher (p=0.008 reported; median change - Median change score
score 5.5 vs. 0) (IQR) 0 (-2 to 3.5)

Social relations; Leisure-time 1 Serious LOW NS difference between groups -

flexibility; Physical complaints;
Worries about future; Daily
hassles

<6 months 1 Very serious VERY LOW MD 1.7 lower (15.62 lower to 12.22 higher) - 24.5+18.2

<6 months 1 Very serious VERY LOW MD 0.8 higher (14.6 lower to 16.2 higher) - 27.2+18.8

<6 months 1 Very serious VERY LOW MD 0.4 lower (1.33 lower to 0.53 higher) - -1.4+0.9

<6 months 1 Serious LOW MD 2.1 lower (6.47 lower to 2.27 higher) - 28.5+5.1
(a) Reported as SS difference (p<0.01) between groups for change score (not enough data provided to report change score and Cl in meta-analysis and GRADE)
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(b) HbA1c change scores reported as NS different between groups for Laurenzi 2011 but not enough data reported from Laurenzi 2011 to include data in meta-analysis. Observational before
and after study (Dias 2010) 3 month follow-up was SS better than baseline (baseline 10.40+0.33%; 3 months 9.52+0.32%; p=0.0009)

Table 41: Clinical evidence summary: Bolus calculator versus manual carbohydrate counting

<6 months 3 No serious MODERATE MD 0.25 lower (0.41 to 0.08 Iower)(a) - 8.1%
imprecision

<6 months 1 Serious LOW 134 more per 1000 (from 5 more to 323 more) 274 per 1000 -

<6 months 2 Very serious VERY LOW 41 more per 1000 (from 26 fewer to 192 more) 79 per 1000 -

<6 months 1 Very serious VERY LOW MD 0.2 lower (9.34 lower to 8.94 higher) - 22.8
<6 months 1 Serious LOW MD 2.4 lower (12.81 lower to 8.01 higher) - 28.0
<6 months 1 Very serious VERY LOW MD 0 higher (0.96 lower to 0.96 higher) - -1.8
<6 months 1 Serious LOW MD 5.10 higher (2.19 to 8.01 higher) - 26.4

(a) Klupa 2008 observational cohort study reported a NS difference between groups for HbAlc. Franc 2009 observational before and after study reported HbAlc was SS lower at 4 months
after using bolus calculator (baseline 7.840.9%; 4 months 7.3+0.6%)
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734

Economic evidence

Published literature
No relevant economic evaluations were identified.

See also the economic article selection flow diagram in Appendix C.
Unit costs

Table 42: Cost of hospital dietitians
Cost Band 5 Band 6 Band 7
Cost per hour® £34° £43° £55°

(a) Including qualification costs
(b) PSSRU 2012™*

(c) Calculated using NHS Staff Earning Estimates in PSSRU 2012

Table 43: Cost of ‘stand-alone carbohydrate counting’ course

Number of patients on Incremental cost per Incremental QALY gain
Staff costs® course patientb requiredb
£343 4 £86 0.00429
8 £43 0.00214
12 £29 0.00143
(a) Assuming 3.5 hours (3 hours to deliver course; 0.5 hours of preparation, set up and take down) of a band 6 and a band 7

dietitian.
(b) Compared with no carbohydrate counting course.
(c) To be cost-effective at a £20k per QALY threshold.

7.3.5 Evidence statements

Clinical

Carbohydrate counting versus no carbohydrate counting

Moderate, Low and Very low quality evidence, mainly from single studies, showed a clinical benefit
of carbohydrate counting for HbA1lc (change from baseline) at up to 6 months and over 6 months,
and mild hypoglycaemia at over 6 months. There was also a clinical benefit for severe hypoglycaemia
and the DSQOLs domain of diet restrictions both at up to 6 months .

Low and Very low quality evidence from single studies showed no clinical benefit of carbohydrate
counting for HbA1c (final values) at over 6 months, and for the QoL scores of DSQOLs (other
domains), PAID, ADDQOL, Hypoglycaemia fear survey, and DTSQ all up to 6 months

Low quality evidence from a single observational study (case-series/before and after study) showed
that compared with baseline, there were improvements in HbAlc after patients used carbohydrate
counting.

Carbohydrate counting using a bolus calculator versus manual carbohydrate counting

Low quality evidence from a single study showed a clinical benefit of bolus calculators for DTSQ at up
to 6 months.
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Moderate quality evidence from three studies showed a borderline clinical benefit of bolus
calculators for HbAlc at up to 6 months.

Low and Very low quality evidence from a single study and from two studies showed clinical harm of
bolus calculators for mild hypoglycaemia, and severe hypoglycaemia at up to 6 months.

Low and Very low quality evidence from single studies showed no clinical benefit of bolus calculators
for mild hypoglycaemia, and severe hypoglycaemia at up to 6 months; and for the QoL scores of
Hypoglycaemia fear survey, PAID, ADDQOL, and DTSQ at up to 6 months.

Low quality evidence from a single observational study (retrospective cohort) showed no difference
between using a bolus calculator to assist carbohydrate counting and manual counting for HbAlc,
and number of hypoglycaemic episodes/day (at more than 6 months).

Low quality evidence from an observational study (a case-series/before and after study) which
showed that compared with baseline (manual carbohydrate counting), using a bolus calculator to
assist with carbohydrate counting led to improvements at 12 weeks in HbAlc, but no improvement
in the number of mild hypoglycaemic events experienced /individual/week.

Economic

No relevant economic evaluations were identified.
7.3.6 Recommendations and link to evidence

19.0ffer carbohydrate-counting training to adults with type 1 diabetes as
part of structured education programmes for self-management (see
Structured Education, section 7.2).[new 2015]

20.Consider carbohydrate-counting courses for adults with type 1 diabetes
who are waiting for a more detailed structured education programme or
are unable take part in a stand-alone structured education
programme.[new 2015]

Recommendations

Relative values of The GDG determined the impact of carbohydrate counting regimens and bolus
different outcomes calculators on clinical outcomes in adults with type 1 diabetes, by assessing their
impact on the following clinical outcomes:

e Improvement in glycaemic control; assessed by reduction in HbA1lc.
e Incidence of hypoglycaemia, with particular focus given to:

o Incidence of severe hypoglycaemia (hypoglycaemia event requiring help from a
third party for correction), an event which has been recognised as having a
significant impact on quality of life in patients with type 1 diabetes.

e Incidence of nocturnal hypoglycaemia.

e Quality of life: the evidence was reviewed to look at the impact of carbohydrate
counting and bolus calculator use on quality of life outcomes.

e Adverse events: the literature was reviewed for any adverse events related to
teaching and use of carbohydrate counting and bolus calculators.

Trade off between Carbohydrate counting regimens
clinical benefitsand  The evidence for the use of carbohydrate counting regimens outside of structured
harms education courses was reviewed.

Impact on glycaemic control



Recommendations

19.0ffer carbohydrate-counting training to adults with type 1 diabetes as
part of structured education programmes for self-management (see
Structured Education, section 7.2).[new 2015]

20.Consider carbohydrate-counting courses for adults with type 1 diabetes
who are waiting for a more detailed structured education programme or
are unable take part in a stand-alone structured education
programme.[new 2015]

One study 623 reported a 0.4% reduction in HbAlc at >6 months with the intervention
of carbohydrate counting, but it was noted that the HbA1lc of the control group was
lower at the start of the study compared with the intervention group (7.5 % versus
7.8 %). A second study with <6 months follow-up did report a significant reduction in
HbA1c with carbohydrate counting 5

Impact on frequency of hypoglycaemia

One study showed that mild hypoglycaemic episodes were reduced with the
introduction of carbohydrate counting.623 For severe hypoglycaemic episodes, an
absolute difference of 15 fewer episodes per 1000 patient-years was thought to be
of clinical significance, although, statistical significance was not attained and
numbers within the individual studies were small. One small study reported that the
frequency of severe hypoglycaemia episodes was reduced in the carbohydrate
counting group. *7A third s'cudy413 reported no episodes of severe hypoglycaemia in
both the educated and non-educated groups. There were no data available from any
of the studies about the impact of carbohydrate counting regimens on the incidence
of nocturnal hypoglycaemia.

Impact on quality of life

One study reported that individuals with the ability to carbohydrate count felt less
restricted in their daily dietary intake "2 but other studies indicated no impact of
carbohydrate counting on the Hypoglycaemia Fear Survey (HFS), Problems Areas In
Diabetes (PAID), Audit of Diabetes-Dependent Quality of Life (ADDQolL) and Diabetes
Treatment Satisfaction Questionnaire (DTSQ) scores.

Impact on adverse events

There were no data available for non-hypoglycaemia adverse events from any of the
studies assessing the impact of carbohydrate counting regimens on clinical
outcomes.

Use of bolus calculators:

The evidence for the use of bolus calculators used with self-monitoring of blood
glucose levels was reviewed.

Impact on glycaemic control

Three studies reported a reduction in HbAlc with use of a bolus calculator in place of
manual counting (464’627’770). However, the mean reduction in HbA1lc achieved at

<6 months (0.25 %) was <0.3 % and not felt to be significant by the GDG.

Impact on frequency of hypoglycaemia

For studies assessing the impact of bolus calculator use on the incidence of
hypoglycaemia, the mean incidence of mild and severe hypoglycaemia was higher
with bolus calculator use compared with manual counting. There were no data



Recommendations

Economic
considerations

19.0ffer carbohydrate-counting training to adults with type 1 diabetes as
part of structured education programmes for self-management (see
Structured Education, section 7.2).[new 2015]

20.Consider carbohydrate-counting courses for adults with type 1 diabetes
who are waiting for a more detailed structured education programme or
are unable take part in a stand-alone structured education
programme.[new 2015]

available from any of the studies about the impact of bolus calculators on the
incidence of nocturnal hypoglycaemia.

Impact on quality of life

One study reported that bolus calculator use improved DTSQ scores.®”’ However,
other studies indicated no impact of bolus calculator use on HFS, PAID and ADDQoL
scores.

Impact on adverse events

There were no data available for non-hypoglycaemia adverse events from any of the
studies assessing the impact of bolus calculators on clinical outcomes.

From a review of all of the available evidence, the GDG concluded that there was
evidence to suggest a benefit of carbohydrate counting regimens taught outside of
structured education courses for the management of type 1 diabetes. However, the
GDG also recognised that evidence available from structured education programme
reviews indicated that the effectiveness of carbohydrate counting teaching was likely
to be improved when incorporated into structured education courses for the
management of type 1 diabetes, with greater and more sustained improvements in
glycaemic control, incidence of hypoglycaemia and quality of life.

The use of bolus calculators was associated with an improvement in glycaemic
control, but an increased incidence of hypoglycaemia. The GDG recognised that the
current evidence base for bolus calculators referred to trials where participant
numbers were small; therefore a research recommendation was made requesting
further evidence for the assessment of bolus calculators in adults with type 1
diabetes.

No economic evaluations about the use of carbohydrate counting regimens outside
of structured education courses or bolus calculators in the management of adults
with type 1 diabetes was available for review.

Consultation amongst healthcare professionals within the GDG concluded that a
three and a half hour education session from a dietitian could be reasonably
recognised as sufficient time to educate adults with type 1 diabetes on carbohydrate
counting regimens (half an hour for course set-up followed by three hours
education). Dietitian costs for a three and a half hour education session were
calculated to be £343 per session, based on a band 6 and a band 7 dietitian. Cost per
patient per session was reduced with increasing numbers of patient per session (£86
for 4 adults, £43 for 8 adults and £29 for 12 adults). The GDG believed that education
could be reasonably delivered to 8 adults at a single session; groups larger than this
could result in a detriment in the quality of the education and time available for each
course attendee. Cost per attendee per session was therefore calculated at £43 per
individual: at this level of cost, the improvement in quality of life per individual
achieved by the education session would only have to be small to be cost-beneficial.
The GDG concluded that carbohydrate-counting courses were cost-beneficial for



Recommendations

Quality of evidence

Other considerations

19.0ffer carbohydrate-counting training to adults with type 1 diabetes as
part of structured education programmes for self-management (see
Structured Education, section 7.2).[new 2015]

20.Consider carbohydrate-counting courses for adults with type 1 diabetes
who are waiting for a more detailed structured education programme or
are unable take part in a stand-alone structured education
programme.[new 2015]

adults with type 1 diabetes.

The impact of carbohydrate counting regimens used outside of structured education

courses for adults with type 1 diabetes were assessed in the evidence review.

Three studies (627, 413,623) were randomised controlled trials (RCTs) comparing the

impact of carbohydrate counting on outcomes versus no carbohydrate counting, and
one study was a before and after observational study (") assessing the clinical
impact of a prescribed diet and prescribed insulin doses regimen based on
carbohydrate counting.

Eight studies (87, Ziegler 2013,627 , 54,374, Maurizi 2011, *?Franc 2009, 383) did not
compare carbohydrate counting with a control group but reported methodologies
(technologies or additional algorithms) to assist patient carbohydrate counting and
they were therefore included in the evidence review for carbohydrate counting.
Three of these studies (Ziegler 2013, %27 Maurizi 2011) were RCTs comparing
carbohydrate counting with the use of technology (a bolus calculator) vs. manual
carbohydrate counting (without technology). This evidence was also used to assess
the impact of bolus calculators on clinical outcomes in adults with type 1 diabetes.

The GRADE quality of the assessed studies ranged from Moderate to Very low, and
the potential for risk of bias was considered to be serious to very serious. The GDG
noted that many of the available studies were small in size (largest study **; 256
participants) and of short duration (longest follow-up ®2. 9 months).

The available evidence for the use of bolus calculators in the management of type 1
diabetes had a substantial overlap with that of the use of carbohydrate counting,
and therefore the GDG considered the impact of each in a single set of
recommendations, as the evidence for bolus calculators was inextricably linked with
that of carbohydrate counting outcomes. The GDG also recognised that correct use
of bolus calculators was likely to be highly dependent on the level of education
delivered to an individual from a preceding carbohydrate counting course.

The evidence reviewed by the GDG for the use of bolus calculators did not include
evidence for their use in conjunction with insulin pump therapies, and only
considered their impact on clinical outcomes when used with self-monitoring of
blood glucose levels in adults with type 1 diabetes using multiple daily injections of
insulin. The GDG noted that any recommendations made about the use of bolus
calculators should not stop individuals on continuous subcutaneous insulin infusions
using bolus calculators built into insulin pump devices.

The GDG found no evidence about when carbohydrate counting education should
occur in individuals with type 1 diabetes. Members of the GDG recognised that
ideally some carbohydrate-counting education should be provided soon after a
diagnosis of type 1 diabetes, so that the individual understand the relationship
between bolus insulin and carbohydrate intake. However, the GDG also recognised
that some individuals may be overwhelmed by carbohydrate-counting education
whilst coming to terms with a new diagnosis of type 1 diabetes. In addition, some of
the benefits of carbohydrate counting education may not be fully realised if
education was provided during the honeymoon period, when good glucose control



7.3.7

7.3.8

Recommendations

19.0ffer carbohydrate-counting training to adults with type 1 diabetes as
part of structured education programmes for self-management (see
Structured Education, section 7.2).[new 2015]

20.Consider carbohydrate-counting courses for adults with type 1 diabetes
who are waiting for a more detailed structured education programme or
are unable take part in a stand-alone structured education
programme.[new 2015]

might be achieved even without accurate carbohydrate counting. The GDG
concluded that there was insufficient evidence to make a recommendation as to
when carbohydrate counting education should take place, and that timing and depth
of education was likely to be based on an individual’s personality and needs.

The GDG recommended that carbohydrate counting be given as part of a structured
education course, as carbohydrate counting education delivered in this way was
more likely to have greater benefit to an individual with diabetes than carbohydrate
counting education on its own. However, the GDG also recognised that there may be
circumstances where access to a structured education course might be limited or
delayed, and that early carbohydrate counting education alone could be of benefit to
adults with type 1 diabetes willing to make lifestyle changes. The GDG therefore
made an additional recommendation to provide guidance on providing carbohydrate
counting education outside of structured education courses in these circumstances.

Bolus calculators can be a useful addition to a patient's own carbohydrate-counting.
They remove much of the burden of dose and correction calculation, especially for
patients using more varied or more precise ratios. Additionally bolus calculators can
assist patients who have difficulty with mental arithmetic. However the GDG felt that
it is important to recognise that a bolus calculator's effectiveness relies on carefully
adjusted settings, ratios and blood glucose targets, and ability to carbohydrate count
accurately. These are usually established with the help of skills learned in structured
education, or in intensive one-to-one consultation with a suitably trained healthcare
professional. It is also important for patients to realise that these settings should be
regularly reviewed and updated to take account of changing circumstances.

Research recommendation

5. In adults with type 1 diabetes, what is clinical and cost effectiveness of bolus calculators used in
conjunction with self-monitoring blood glucose meters?

Review question: In adults with type 1 diabetes, what is the clinical effectiveness of a
diet based on the glycaemic index for optimal diabetic control?

For full details see review protocol in Appendix C.

Table 44: PICO characteristics of review question

Population
Intervention(s)
Comparison(s)

Outcomes

Adults with type 1 diabetes
High Gl diet
Low Gl diet

e HbAlc
e Severe hypoglycaemia



Type 1 diabetes in adults
Type 1 diabetes in adults: Clinical guideline <...>

Adults with type 1 diabetes
e Nocturnal hypoglycaemia
o Quality of life

o Patient satisfaction

e Adherence

RCTs

7.3.9 Clinical evidence

Five studies (one non-randomised crossover study and four crossover randomised controlled trials)
were included in the review'%>?'*%472719 3nd these are summarised in Table 45 below. Evidence
from these studies is summarised as a GRADE table in Appendix I. See also the study selection flow
chart in Appendix D, forest plots in Appendix J, study evidence tables in Appendix G, and excluded
studies list in Appendix K.
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Table 45: Summary of studies included in the review

Low Gl diet

(Gl range: 29 — 36)
VS.

High Gl diet

(Gl range: 50 — 02)

Low Gl diet

(Gl mean + SD: 38 £ 5)
VS.

High Gl diet

(Gl mean +SD: 64 + 3)

Low Gl

(Gl <60)

VS.
Intermediate Gl
(G1 60 —90)

Vs.

High GI

(GI >90)

Non-randomised crossover study

4 weeks treatment

Type 1 diabetes mean age = 25.6 * 4.3 years
Type 1 diabetes (n=16) and type 2 diabetes
(n=18)

Baseline insulin regimen: 2 daily doses (fast
and delayed action)

Mean insulin dose - unit per day (SD): 40
16

Crossover RCT

5 weeks treatment

Type 1 diabetes mean age =42.7 + 10.3
years

Type 1 diabetes (n=12) and type 2 diabetes
(n=6)

Baseline insulin regimen: 2 — 3 injections per
day (type 1 diabetes only)

Mean insulin dose - unit per day (SD): 40.9 +
12.8

Crossover RCT

12 days treatment

Mean age not reported

Type 1 diabetes only (n=9)

Baseline insulin regimen: Intensive insulin
therapy for 23 months with either multiple
subcutaneous insulin injections (n=5) or
continuous subcutaneous insulin infusion

HbAlc

HbAlc

Severe
hypoglycaemia

The results for type 1 diabetes
participants were reported
separately from those of type 2
diabetes participants. The
relatively low mean age implies
that the population may include
children and young people

(<18 years old) but this is not
stated.

The results were of both the type
1 diabetes and type 2 diabetes
participants combined, but it is
noted that there were no
statistically significant differences
between the two groups for any
of the outcomes.

The participants are said to be
highly motivated and had well-
controlled diabetes.
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McCulloch

Venhaus

719

472

1985

1998

ngh fibre
(Gl 60 — 90 + 240 g fibre/day)

New diet (ND)

(high carb + high fibre + low fat)
VS.

Continuation of current diet (CD)

Unrefined carbohydrate diet (fibre-
rich = low Gl)

VS.

Refined carbohydrate diet (fibre-
depleted = high Gl)

with multiple basal rates and pre-meal
boluses (n=4)

Mean insulin dose — unit per day (SD): not
reported

RCT

>6 months treatment

Mean age = 35 years (Range 17 — 64)
Type 1 diabetes only (n=40)

Baseline insulin regimen: short and
intermediate acting insulin given 30 minutes
before breakfast and 30 minutes before the
evening meal

Mean insulin dose — unit per kg per day: ND
0.67 £ 0.03 vs. CD 0.88 + 0.08

Crossover RCT

6 weeks treatment

Mean age = 27 £ 9 years

Type 1 diabetes only (n=10)

Baseline insulin regimen: continuous
subcutaneous insulin infusion for >1 year

Mean insulin dose — unit per day: 41.7 + 6.9

HbAlc

Adherence to
treatment

HbAlc

Severe
hypoglycaemia

The final values were measured at
different time points (intervention
group at 10 months and control
group at 6 months) and therefore
caution should be taken when
comparing the outcomes.

It was reported that the overall
intake of carbohydrate and hence,
energy was lower in the
intervention group than in the
comparison group. The difference
in daily energy intake between
the two groups was significant
(p=0.04). The mean age is also
relatively low, and there may have
been children or young people,
but this is not clearly stated.
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Table 46: Evidence summary table: Low Gl diet versus high Gl diet
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HbA1c at <6 months 1 study (n=24) Serious VERY LOW MD 0.25 higher (from 0.09 to 0.59 higher)  9.02
(Non-RCT)

HbA1c at <6 months 2 studies No serious LOW MD 0.36 higher (from 0.14 lower to 0.86 Study 1=8.3
(RCT) (n=56) imprecision higher) Study 2 =5.8
HbA1c at >6 months 1 study Serious VERY LOW MD 0.5 higher (from 0.08 to 0.92 higher) 9.5
(follow-up at different time  (n=22)

points)

Severe hypoglycaemia 2 studies (n=38) No serious VERY LOW No difference 0 event

<6 months imprecision

Adherence to treatment at 1 study Not applicable VERY LOW 1.7% higher 28.1%

>6 months (n=22)

(Coefficient of variation
based on patient’s food
diary)
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7.3.10 Economic evidence [2015]

Published literature
No relevant economic evaluations were identified.

See also the economic article selection flow chart in Appendix E.
7.3.11 Evidence statements

7.3.11.1 Clinical evidence statements [2015]

e Low and Very low quality evidence from RCTs showed a clinically important harm in terms of
HbA1c at less than or equal to 6 months and at more than 6 months for a low Gl diet compared
with a high Gl diet.

e Very low quality evidence mostly from single studies showed no clinically important difference
between low Gl diet and high Gl diet for HbAlc and severe hypoglycaemia at less than or equal to
6 months, and for adherence to treatment at more than 6 months. The HbAlc data in this case
was from a non-randomised controlled trial.

7.3.11.2 Economic [2015]

No relevant economic evaluations were identified.

7.3.12 Recommendations and link to evidence

21.Do not advise adults with type 1 diabetes to follow a low glycaemic
index diet for blood glucose control.[new 2015]

Recommendations

Relative values of The GDG determined the impact of high Gl diets in comparison to low Gl diets on
different outcomes clinical outcomes in adults with type 1 diabetes by assessing the impact of each
intervention on the following outcomes:

Improvement in glycaemic control - Assessed by reduction in HbAlc. Extensive
previous research has shown that an improvement in glycaemic control is
associated with a reduction in microvascular and macrovascular complications. A
diet comprising low Gl foods, which are individually associated with a low post-
prandial blood glucose peak, may be associated with better overall glycaemic
control than a diet of high Gl foods, which are associated with a more rapid release
of glucose into the circulation

Hypoglycaemia, including severe hypoglycaemia - A low Gl diet might theoretically
reduce the incidence of hypoglycaemia in an individual with type 1 diabetes by
providing a more sustained release of glucose into the bloodstream over a longer
period of time in comparison to a high Gl diet. Particular focus was given to:
Incidence of severe hypoglycaemia (hypoglycaemia event requiring help from a
third party for correction), an event which has been recognised as having a
significant impact on quality of life in patients with type 1 diabetes.

Incidence of nocturnal hypoglycaemia.

Quality of life — The evidence was reviewed to look at the impact of each diet on
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Trade-off between
clinical benefits and
harms

Economic
considerations

Quality of evidence

quality of life outcomes. An intervention that reduces the frequency of severe
hypoglycaemia episodes and improves glycaemic control should increase quality of
life. However, the need to adhere to a strict diet may also impact on quality of life.

Adverse events — A diet aiming to achieve a Gl target may produce gastro-intestinal
side-effects; the evidence was reviewed to assess any reported adverse events
associated with adherence to diets.

The GDG considered evidence from available randomised controlled trials (RCTs)
and observational studies assessing the impact of high and low Gl diets on clinical
outcomes in adults with type 1 diabetes.

Impact on glycaemic control

The GDG reviewed the impact of Gl diets on glycaemic control, with glycaemic
control assessed by HbA1lc (%) at <6 months in three studies (Calle-Pascual 1998,
Venhaus 1988, Fontvielle 1992), and at >6 months in one study (McCulloch 1985).
No difference in HbAlc outcome was noted with low or high Gl diets at <6 months
or >6 months.

Impact on incidence of hypoglycaemia

One study (LaFrance 1998) reported no significant difference in frequency of
hypoglycaemia in nine participants who were alternated between low, medium and
high Gl diets; none of the participants experienced severe hypoglycaemia events
during the study, which lasted a total of 48 days.

A second crossover study (Venhaus 1988) compared 10 participants on a high Gl
diet with 10 participants on a low Gl diet, with participants switching over diets
after six weeks. No difference in incidence of hypoglycaemia was reported when
outcomes were compared for high and low Gl diets.

None of the other studies reported outcomes on incidence of hypoglycaemia.

Impact on quality of life
None of the reviewed studies commented on the impact of high and low Gl diets on
quality of life.

Adverse events

None of the available evidence reviewed by the GDG reported any adverse events
as a consequence of adhering to a diet aimed at maintaining a fixed Gl at
mealtimes, with no adverse side-effects and no instances of diabetic ketoacidosis
reported in the studies.

No cost effectiveness studies assessing the impact of Gl diets on clinical outcomes
in adults with type 1 diabetes were available for review.

As Gl diets did not show any significant impact on clinical outcomes, they are
unlikely to be cost effective in the management of adults with type 1 diabetes.
Five studies met the inclusion criteria for review by the GDG: one non-randomised
crossover study 192 and four crossover RCTs 212403472715

The GDG noted that the available evidence for review was from more than a
decade ago, that the number of participants in each study was small (the largest
study was undertaken in 40 adults with type 1 diabetes 472, and that the duration of
the trials was short (the longest duration of a dietary intervention in the studies
was four months 472making it difficult to assess the impact on glycaemic control by
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HbAlc measurement).

The quality of the evidence was GRADE assessed, and ranged from Low to Very low,
with a serious to very serious risk of bias.

Other considerations  The GDG noted that there were no recent studies assessing the impact of Gl diets
on clinical outcomes in adults with type 1 diabetes. Many of the previous studies
used only small numbers of participants over a short duration of time and few used
modern insulin treatment regimens.

The GDG recognised that there are theoretical reasons why a low Gl diet might lead
to improved blood glucose control, and that post-prandial glucose levels might be
reduced with a low Gl diet. There are currently no long-term trials assessing the
impact of low Gl diets which is low in fat (low Gl foods can be those which are high
in fat, such as, chocolate and cakes) on the incidence of microvascular
complications.

Given that no adverse events were reported from adherence to a diet aimed at
achieving a target Gl, the GDG decided that a research recommendation be made
for further assessment of following a low Gl diets (also low in fat) in adults with
type 1 diabetes.

22.Provide nutritional information sensitive to personal needs and culture from the time of
diagnosis of type 1 diabetes. [2004]

23.Provide nutritional information individually and as part of a diabetes education programme
(see Section 8.2). Include advice from professionals with specific and approved training and
continuing accredited education in delivering nutritional advice to people with health
conditions. Offer opportunities to receive nutritional advice at intervals agreed between adults
with type 1 diabetes and their advising professionals. [2004]

24.Discuss the hyperglycaemic effects of different foods an adult with type 1 diabetes wishes to
eat in the context of the insulin preparations chosen to match those food choices. [2004]

25.Make programmes available to adults with type 1 diabetes to enable them to make:
e optimal choices about the variety of foods they wish to consume

¢ insulin dose changes appropriate to reduce glucose excursions when taking different
quantities of those foods. [2004, amended 2015]

26.Agree the choice of content, timing and amount of snacks between meals or at bedtime
available to the adult with type 1 diabetes, based on informed discussion about the extent and
duration of the effects of eating different food types and the insulin preparations available to
match them. Modify those choices based on discussion of the results of self-monitoring tests.
[2004]

27.Make information available on:
o effects of different alcohol-containing drinks on blood glucose excursions and calorie intake

e use of high-calorie and high-sugar 'treats’. [2004, amended 2015]
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28.Make information available about the benefits of healthy eating in reducing arterial risk as part
of dietary education in the period after diagnosis, and according to need and interest at
intervals thereafter. Include information about fruit and vegetables, types and amounts of fat,
and ways of making the appropriate nutritional changes. [2004, amended 2015]

29.Modify nutritional recommendations to adults with type 1 diabetes to take account of
associated features of diabetes, including:

e excess weight and obesity
¢ underweight

e eating disorders

¢ hypertension

¢ renal failure. [2004]

30.Be aware of appropriate nutritional advice on common topics of concern and interest to adults
living with type 1 diabetes, and be prepared to seek advice from colleagues with more
specialised knowledge. Suggested common topics include:

¢ body weight, energy balance and obesity management
e cultural and religious diets, feasts and fasts

e foods sold as ‘diabetic’

e sweeteners

o dietary fibre intake

e protein intake

e vitamin and mineral supplements

¢ alcohol

e matching carbohydrate, insulin and physical activity

e salt intake in hypertension

e comorbidities including nephropathy and renal failure, coeliac disease, cystic fibrosis, or
eating disorders

e use of peer support groups. [2004, amended 2015]

31.0ffer dietary advice to adults with type 1 diabetes about issues other than blood glucose
control, such as weight control and cardiovascular risk management, as indicated clinically.
[new 2015]

7.3.13 Research Recommendations

6. In adults with type 1 diabetes, what is the clinical and cost effectiveness of different types of
diet and dietary constituents, particularly in terms of the effect on insulin requirement and
blood glucose control?

7.4 Physical activity [2004]

Physical activity was not within the scope of the 2015 update. The content presented here is from
2004.
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7.4.1 Rationale

Many people wish to perform varying amounts of physical exercise, but this can interact to disturb
blood glucose levels in people on insulin therapy. Physical exercise is usually recommended to the
general population as part of a package of lifestyle measures to improve future health, in particular
reduction of arterial risk, which is markedly elevated in people with Type 1 diabetes.

7.4.2 Evidence statements

Aerobic exercise

One small randomised controlled trial was identified that assessed the effect of a 16-week aerobic
exercise programme on fitness and lipid profile in young men with Type 1 diabetes.*®There were
significant differences in VO,m.x and serum total cholesterol compared with no training. There were
no significant changes in outcomes of HbAlc and plasma glucose. The study was not blinded due to
the nature of the intervention (Ib).

A small cross-sectional study evaluating the effect of three months of individualised aerobic exercise
in altering blood pressure and lipid profile found that HbAlc, fructosamine, and total blood glucose
did not change significantly from baseline levels.*** The design of the study would not represent a
sound basis for supporting a recommendation for advocating exercise as therapy (lla) .

Another study with a similar intervention found that four months of aerobic training provided no
changes in terms of HbA1lc or total cholesterol, although there were benefits of exercise compared to
control in terms of peak oxygen uptake (l1b).**

A prospective non-randomised study with a before and after design found that steady-state plasma
glucose was significantly decreased compared to baseline as was plasma insulin with supervised
exercise program (at least 135 minutes/week) for three months compared to no exercise.*** Also
cholesterol decreased significantly, however there were no reported significant changes in fasting
blood glucose, HbAlc and microalbuminuria (llb).

Education and exercise

A medium-sized randomised controlled trial of intensive advice and lifestyle programme with
specified diet and exercise prescriptions compared to conventional care found that HbAlc decreased
from baseline measurements significantly over six months in the control group but remained
relatively stable in the intervention group, but no between-group comparison was made.>*> Also HDL
cholesterol and triglycerides were not significantly different between groups at any phase of the
study. However exercise sessions were not standardised in the study and a lack of blinding limited
the validity of the trial (Ib).

A small before and after study found that an intervention of 10 hours of education and physical
training three or four times a week produced no metabolic response at three months with fasting
plasma glucose levels and serum cholesterol not changing significantly.®?® Without blinding or
randomisation this evidence is not sufficient to support the use of a mixed education and exercise
intervention for people with type 1 diabetes (llb).

Other exercise

A non-randomised prospective controlled study to assess whether exercise is related to better
diabetes control was reviewed.**There was no significant correlation between the exercise
expenditure and HbAl1c in all Type 1 diabetes patients, nor was there any relationship to the
frequency of mild hypoglycaemic events (l1a).
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Guidelines on exercise

The ADA guidelines present recommendations based on a good evidence-based review.?*They
recommend that a thorough evaluation be undertaken of patients before exercise is initiated.
General recommendations for how to exercise safely include:

metabolic control before activity
blood glucose monitoring before and after physical activity
food intake to be considered with added carbohydrate as necessary (1a).

7.4.3 Health economic evidence

No evidence was found on the cost-effectiveness of programmes encouraging physical activity for
Type 1 diabetes.

7.4.4 Consideration

The group noted that the evidence for an improved arterial risk profile in people with Type 1
diabetes was consistent with that for other diabetic and non-diabetic people. Evidence of a
consistent effect in improving blood glucose control was absent, although by analogy with people
with Type 2 diabetes the overweight/insulin-resistant person might benefit form an exercise
programme as part of a lifestyle improvement initiative. Some people will undertake significant
exercise by choice and would benefit from support in so doing.

7.4.5 Recommendations

32.Advise adults with type 1 diabetes that physical activity can reduce their enhanced arterial risk
in the medium and longer term. [2004]

33.Give adults with type 1 diabetes who choose to integrate increased physical activity into a more
healthy lifestyle information about:

appropriate intensity and frequency of physical activity
role of self-monitoring of changed insulin and/or nutritional needs
effect of activity on blood glucose levels (likely fall) when insulin levels are adequate

effect of exercise on blood glucose levels when hyperglycaemic and hypoinsulinaemic (risk
of worsening of hyperglycaemia and ketonaemia)

appropriate adjustments of insulin dosage and/or nutritional intake for exercise and post-
exercise periods, and the next 24 hours

interactions of exercise and alcohol

further contacts and sources of information. [2004]

7.5 Cultural and individual lifestyle [2004]

Cultural and individual lifestyle was not within the scope of the 2015 update. The content presented
here is from 2004.

7.5.1 Rationale

Cultural and genetic differences between ethnic groups are known to affect health and response to
healthcare for many diseases. In regard of Type 1 diabetes this is particularly true of eating habits,
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while arterial risk is known to differ for the general population and people with Type 2 diabetes.
Other care issues seem likely.

7.5.2 Consideration

The group were aware of a systematic review designed to detect issues of relevance (rather than
trials of interventions) identified papers concerning differences in incidence, attitudes to
complications, degree of response to education programmes, blood glucose control, religious fasting
and feasting, and hospitalisation.

The group noted that cultural and genetic issues affected diabetes healthcare delivery in the areas
of:

e patient education and self-care

e nutritional advice

e insulin therapy (including religious feasts and fasts)

e arterial risk

e blood pressure management

e hospitalisation.

In some areas there was overlap with social/deprivation issues. The group's recommendations
addressed cultural/religious issues in the appropriate sections of this guideline, emphasising the
primacy of the individual in this regard.

7.5.3 Recommendations

34.Regard each adult with type 1 diabetes as an individual, rather than as a member of any
cultural, economic or health-affected group (see also recommendations 22, 30 and 65 about the
cultural preferences of individual adults with type 1 diabetes). [2004, amended 2015]
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8.1.1

Type 1 diabetes in adults
Blood glucose control

Blood glucose control

The evidence and text from the 2004 guideline, CG15, that has been superseded by this update is
included in Appendix S.

Optimum target HbA1c level and frequency of HbAlc monitoring

Introduction

One of the main objectives of care for people with type 1 diabetes is to keep the risk of microvascular
and macrovascular complications of diabetes to a minimum. Optimising glycaemic control is an
obvious tool and one measure of glycaemic control is the glycated haemoglobin, or HbAlc, which is
formed by an interaction between the red cell pigment, haemoglobin, and the circulating blood
glucose. HbAlc measurements reflect time-averaged blood glucose concentrations during the
previous 2 to 3 months and are used worldwide as the gold standard assessment of glycaemic
control in people with type 1 diabetes. Lowering the HbA1lc towards the non-diabetic range with
intensified insulin therapy was proven to reduce the risk of microvascular complications in the
randomised controlled Diabetes Control and Complications Trial (DCCT) ®’ and was associated with a
reduction in macrovascular disease in the DCCT follow-up studies (**® ***). Of various measures of
glucose control, only HbA1lc was associated with risk of both microvascular and cardiovascular
disease.”’*

The International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) has standardised
HbA1c measurements across the world, providing a reference method for calibration purposes. Local
laboratories should report results that are reproducible in other laboratories, using the IFCC
standards. The IFCC reference method reports HbAlc in mmol/mol. Previously, results were reported
as a percentage of total haemoglobin (%) as in the DCCT assay standard and dual reporting of both
values has been encouraged. ***

In DCCT, the attainment of lower HbA1lc was associated with a greater risk of severe hypoglycaemia
(low blood glucose concentration that impaired function so that the person was unable to self-treat
and required treatment from a third party). “**’ Subsequently, many groups have been able to
support adults with type 1 diabetes reduce risk of severe hypoglycaemia at the same time as
lowering HbA1c, (for example, ®'¢,*?%) but there remain concerns that targets for glycaemic control
need to take into account individual ability to achieve them without increasing severe hypoglycaemia
risk. Adults with type 1 diabetes need information on the blood glucose control targets they need to

achieve if they wish to minimise vascular risk

The GDG therefore addressed the following questions:

e In adults with type 1 diabetes, what is the optimum target HbAlc level that should be achieved to
reduce the risk of complications?

e In adults with type 1 diabetes, what is optimum frequency of HbAlc monitoring for effective
diabetic control?

For full details see review protocol in Appendix C.

8.1.2 Review question: In adults with type 1 diabetes, what is the optimum target HbAlc

level that should be achieved to reduce the risk of complications?

Table 47: PICO characteristics of review question
Population Adults with type 1 diabetes
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Blood glucose control

Adult is defined as aged 218 years

HbA1c target values

Other target values (RCTs and comparative observational studies)
No targets (prognostic studies)

QOutcomes

Number of people reaching target HbAlc (dichotomous)
Final HbA1lc value (continuous)
Hypoglycaemia (dichotomous or continuous outcome at a particular target

Severe hypoglycaemia (dichotomous or continuous outcome, depending how it is
reported)

Nocturnal hypoglycaemia (dichotomous or continuous outcome, depending how it is
reported)

Complications/avoidance:

o CV events (M, IHD, Stroke, cardiac and peripheral revascularisation, major
amputation)

o Retinopathy

o Low-level (micro) albuminuria/proteinuria

o Renal replacement therapy/end-stage renal failure
o Neuropathy

o Sudden death

Quality of life — (dichotomous/continuous)

RCTs, observational studies

8.1.3 Review question: In adults with type 1 diabetes, what is optimum frequency of HbAlc
monitoring for effective diabetic control?

For full details see review protocol in Appendix C.

Table 48: PICO characteristics of review question

Adults with type 1 diabetes

Adult is defined as aged >18 years

HbAlc monitoring

HbA1c monitoring (the same as the intervention but at a different frequency or
delivery time)

Standard care

No comparison (non-comparative studies)

Number of people reaching target HbAlc (dichotomous)

Final HbA1c value (continuous)

Hypoglycaemia (dichotomous or continuous outcome at a particular target

Severe hypoglycaemia (dichotomous or continuous outcome, depending how it is
reported)

Nocturnal hypoglycaemia (dichotomous or continuous outcome, depending how it is
reported)

Complications/avoidance:

o CV events (M, IHD, Stroke, cardiac and peripheral revascularisation, major
amputation)

o Retinopathy
o Low-level (micro) albuminuria/proteinuria
o Renal replacement therapy/end-stage renal failure
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8.14

Type 1 diabetes in adults
Blood glucose control

o Neuropathy
o Sudden death
e Quality of life — (dichotomous/continuous)
Study design RCTs, observational studies

Clinical evidence

Forty three studies were identified for the optimum HbA1c target
reVieW 2,3,5,21,24,41,89,175,185,221,270,307,315,344,377-380,401,420,425,437,448,492,493,498,527,533,534,553,586-

>88,606,644,675,687,715,734,738,743, 744,771 Livie studies reported from the Diabetes Control and Complications

(DCCT) RCT.>>?*#877%9 Three studies were post-intervention follow-ups of DCCT (DCCT/EDIC).>**498738
Two studies reported from the Pittsburgh Epidemiology of Diabetes Complications study (Pittsburgh
EDC).>**** Three studies reported from Stockholm Diabetes Intervention Study (SDIS)*®***%, two at 94
months *****’, and one 3 years later’®® Seven studies reported from the Wisconsin Epidemiology
Study of Retinopathy (WESDR).?7-3804204924%3 Ty 5 studies reported from a Swedish cohort.”**”*

Four studies reported glycated haemoglobin as HbA1, which includes non-enzymatic binding of
several carbohydrate moieties to HbA) *'7272%4% while the remaining studies measured HbAlc
(binding of glucose specifically).

208,411

Two studies were identified for the frequency of monitoring HbAlcreview. Both these studies

measured HbAlc.

Most of the studies were observational studies, and therefore were not able to be combined in a
meta-analysis or GRADE profile, and were graded as Low quality (due to their study design).
However, a summary of the quality and limitations of these studies can be found in Appendix G. The
study details and the full results have been summarised in tables below. A summary of the included
studies is provided in Table 49, Table 50, Table 51 and Table 52. See also the study selection flow
chart in Appendix D, forest plots in Appendix J, study evidence tables in Appendix G and exclusion list
in Appendix K.
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Table 49: Summary of studies included on optimum HbA1c target level

Study
Agardh 1997*

ARASKIEWICZ"

Brinchmann-
Hansen 1992%

DCCT 1993%64¢#7

DCCT 1995°
DCCT 1996"
DCCT 1997°

DCCT end of
follow-u p24

DCCT/EDIC
2005*%

DCCT/EDIC

Intervention/
comparison

Prospective case-series

Prospective case series

Prospective case-series

of patients originally
enrolled in Oslo 1985
RCT™?

RCT

Intensive therapy;

23 insulin injections daily
or external

insulin pump use
Conventional therapy

1-2 daily insulin injections

Prospective case-series

Population

n=442 with type
1 diabetes
Sweden

Follow-up

5 years

n=88 with type 1
diabetes

6 years

Poland

n=45 with type 1
diabetes

7 years

Norway

n=1441 IDDM
USA

6.5 years

DCCT; n=1441
EDIC; n=1421
USA

17 years

Outcomes

Retinopathy

Urinary albumin concentration
Death

Ml

CV disease

Retinopathy

Low-level (micro) albuminuria
Severe hypoglycaemia

QoL

Retinopathy

Progression to retinopathy
Macular oedema

Severe non-proliferative or
proliferative retinopathy

Nephropathy
Neuropathy (5 years)
Mortality

Hypoglycaemia requiring
assistance

CVD events; non-fatal Ml,
stroke, CVD death, angina

Retinopathy

Comments

Regression analysis

Regression analysis

Regression analysis

Oslo 1985 RCT; insulin pumps versus multiple
injections versus conventional retreatment
treatment (regular insulin and isophane insulin
twice daily)

Intensive therapy; glucose target of 70 to
120 mg/dl (3.9 to 6.7 mmol/litre) before meals

Conventional therapy; no target

Population
<20% 13-18 year olds

Proportional hazards model

Prospective case series (EDIC ending 2004) from
patients originally enrolled in DCCT (Baseline
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Study
2008

DCCT/EDIC 2013
344

Diamante 1997

EEG-OLOFSSON
2010"®

FORREST 2000
221

GUERCI 1999*°

HIETALA 2013%"

Hislop 2008°"

KULLBERG
1994

Lehto 1999°%

Intervention/
comparison

Cross-sectional
observational study

Retrospective case-series

Prospective case-series

Cross-sectional study

Prospective case-series

Prospective case series

Retrospective case series

Prospective case series

Population

n=1822

Spain; 18
centres

n=7,454 with
type 1 diabetes
Sweden

n=658 with type
1 diabetes

USA

n=341 with type
1 diabetes
France

n=2019 with
type 1 diabetes
Finland

n=92
Australia

n=90 with type 1
diabetes

Sweden

n=177 with type
1 diabetes
Finland

Follow-up

NA

5 years

6 years

n/a

Mean 5.2
years

6 months

9.2 years
(average)

7 years

Outcomes
DQolL

Nephropathy

Mortality
CV outcomes

Mortality
CHD

LEAD (lower extremity arterial

disease)

Retinopathy
Proliferative retinopathy

Mortality
Retinopathy
Nephropathy
Quality of life
CES-D

ASR
Retinopathy

CHD mortality

Combined outcome; CHD
mortality

or non-fatal Ml

Comments
1983-1989, end of DCCT 1993)

Regression analysis

Regression analysis

Regression analysis

Regression analysis

Regression analysis

ANOVA statistical analyses

Regression analysis

Regression analysis

|0J1u02 3s00Nn|3 poo|g
synpe uj sayaqgelp T 2dAL



99T

10T ‘@41Ua) BUI|dPIND [EJIUI]) [eUOiIEN

Study

LIND 2011**

Lustman 2005**

NORDWALL
2009°%’

Pirez Mendez
2007°>

Pittsburgh EDC
2002°%

Pittsburgh EDC
2003

ROSSING 1996°%°

SDIS 1995°%¢%

Shaban 2006%*

Intervention/
comparison

Prospective case series

Cross-sectional
observational study

Case-series (retrospective
and prospective
elements)

Prospective case series

Prospective case series

Prospective case series

Prospective case series

RCT/cohort follow-up

Cross-sectional

Population
n=20,985 with
type 1 diabetes
Sweden

n=188 with type
1 diabetes

USA

n=269 with type
1 diabetes
Sweden

n=59 with type 1
diabetes

Spain

n=586 with type
1 diabetes

USA

n=603 with type
1 diabetes

USA

n=939 with type
1 diabetes
Denmark

n=89 with type 1
diabetes

Sweden

n=273 with type

Follow-up
9 years
(mean)

NA

Between
14 to 28
years

7 years

10 years

10 years

10 years

94
months/10
years

NA

Outcomes

Heart failure

Quiality of life
SCL-90
SDSCA
Retinopathy
Nephropathy

HbAlc

Severe hypoglycaemia

Mild hypoglycaemia

Lower extremity arterial disease

(claudication, foot ulceration or
lower extremity amputation)

CAD death, non-fatal Ml,
angina, revascularisation, ECG
ischaemia

Mortality

CV mortality

Retinopathy

Nephropathy
Neuropathy

Quality of life

Comments

Regression analysis

Regression analysis

Regression analysis

Regression analysis
Patient switched to multiple insulin dose regime
with target of HbA1lc <6.2% at start of study

Regression analysis

Regression analysis

Regression analysis

Incidence of outcomes according to HbA1lc levels
Regression analysis

Patients originally randomised to either
intensified conventional insulin treatment
(insulin with education to ensure constant
monitoring and treatment) or standard therapy
(2 to 3 insulin injections/day)

Regression analysis
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Study

Tabaei 2004°

Van Tilburg

20017"

WDRS 2013

WEINSTOCK
20137

WESDR 1994

WESDR 1995

WESDR 1998

75

420

493

378,379

377

Intervention/
comparison

observational study

Cross-sectional
observational study

USA

Cross-sectional
observational study

Prospective case series

Cross-sectional

study/retrospective case-

series

Prospective case series

Prospective case series

Cross-sectional
observational study

Population

1 diabetes

UK

n=634 with type
1 diabetes

USA

n=30 with type 1

diabetes

USA

n=305

with type 1
diabetes

USA

n=7012 with
type 1 diabetes
USA

n=2990

with type 1
diabetes

USA

n=2990

with type 1
diabetes

USA

n=987 with type
1 diabetes

USA

Follow-up

20 years

n/a and
previous 12
years data

10 years

10 years

14 years

Outcomes
HADS

Quiality of life
QWB-SA

Quality of life
BDI

Retinopathy and proliferative
retinopathy

Severe hypoglycaemia

CHD death

Retinopathy
Nephropathy
Neuropathy

Quality of life
SF-36

Comments

Regression analysis

Regression analysis

Regression analysis

Regression analysis

Regression analysis

2 subgroups of WESDR;

n=1210 subjects with diabetes diagnosis
<30 years

n=1780 subjects with diabetes diagnosis 230
years

Nephropathy; incidence at 6 year follow-up

2 subgroups of WESDR; n=12101 subjects with
diabetes diagnosis <30 years

n=1780 subjects with diabetes diagnosis

230 years

Regression analysis

2 subgroups of WESDR;

n=654 subjects with diabetes diagnosis <30 years
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Intervention/

Study comparison Population Follow-up Outcomes Comments
n=333 subjects with diabetes diagnosis 230 years
WESDR 1998a **° Prospective case series n=634 14 years Retinopathy Regression analysis
With type 1 1 subgroup of WESDR; n=654 subjects with
diabetes diabetes diagnosis <30 years
USA
WESDR 1999 Prospective case series n=1890 14 years Lower extremity amputations Regression analysis
with type 1 Incidence of outcomes according HbAl1c
diabetes 2 subgroups of WESDR;
USA n=906 subjects with diabetes diagnosis <30 years
n=984 subjects with diabetes diagnosis 230 years
WESDR 2013*° Prospective case series n=583 20 years Retinopathy and proliferative Regression analysis
with type 1 retinopathy
diabetes
USA
Wikblad 19917* Retrospective case series  n=185 with type 9 years Retinopathy Incidence of outcomes according to HbAlc levels
1 diabetes Nephropathy (proteinuria)
Sweden
Wikblad 1996’* Retrospective case series  n=108 with type 10 years Quality of life ANOVA statistical analyses
1 diabetes SWEDQUAL
Sweden Hypoglycaemia
ZOFFMANN Cross-sectional study n=710 with type n/a PAID score Regression analysis
2014 1 diabetes
Norway

|0J1u02 3s00Nn|3 poo|g
synpe uj sayaqgelp T 2dAL

Abbreviations: ANOVA, Analysis Of Variance; ASR, Adult-Self-Report Scale; BDI, Beck Depression Inventory,; CAD, coronary artery disease; CES-D, Centre for Epidemiological Studies-Depression
Scale; CHD, coronary heart disease; CVD, cardiovascular disease; DCCT, Diabetes Control and Complications Trial; EDIC, Epidemiology of Diabetes Interventions and Complications; HADS,
Hospital Anxiety and Depression Scale; MI, myocardial infarction; NA, not applicable; NR, not reported; Pittsburgh EDC, Pittsburgh Epidemiology of Diabetes Complications; QWB-SA,
Quality of Well-Being Self-Administered; SDIS, Stockholm Diabetes Intervention Study; SCL-90, Symptom Checklist-90; SDSCA, Summary of Diabetes Self-Care Activities; SF-36, Short Form
36, SWEDQUAL, Swedish quality of life questionnaire; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy
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Table 50: Summary of studies included on frequency of HbAlc monitoring
Study Intervention/ comparison Population

Eid Fares 2010°%® Retrospective case series n=117 with type
1 diabetes
USA
Larsen 1990*"* RCT n=240 with
Monitored group; HbA1lc levels available to IDDM

staff, used with blood or urine glucose values Denmark
to adjust treatment, target NFBG

<9mmol/(162 mg/dl)

Control group; HbA1c levels (including the

randomisation values) not entered into the

patients’ records during study period, staff

treated patients on blood or urine glucose

values, target NFBG <9 mmol/(162 mg/dI)

Second year; HbAlc levels in both groups
available to healthcare professionals

Abbreviations: IDDM, insulin dependent diabetes mellitus; NFBG, non-fasting blood glucose

Follow-up

5 years

1 year
(followed for 2™ year
post intervention)

Outcomes

Fluctuations in HbA1lc
Nephropathy

HbAlc

Comments

Regression analysis
Age range; 9-33 years

Analysis of HbAlc levels
between groups
Unclear if patients were
type 1 diabetes or type
2 diabetes

8% patients lost to
follow-up at 1 year, 22%
patients lost to follow-
up at 2 years
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Table 51: Study details and results for optimum HbA1c target

Number
of Study type/
Study patients  follow-up
Agardh 1997*" 442 Prospective
case series
5 years
1ARASKIEWICZ4 88 Prospective
case series
6 years

Brinchmann- 45 Prospective

Diabetes
therapy

NR

Intensive
functional
insulin
therapy

10 patients;

Baseline
HbA1c level,
mean %*SD

8.5¢1.6
(HbALc)

8.1+19
(HbA1c)

11.2+2.2

Frequency of
HbA1c
monitoring

MeanzSD;
1645
times/patient

Not reported

Every 2

Measure of glycosylated haemoglobin and results

Measured; HbAlc

Retinopathy (n=121 follow-up data available for patients without
retinopathy at entry);

Any retinopathy (n=64); HbAlc; 8.2+1.1% versus no retinopathy
(n=57); HbAlc; 7.5£1.1%, p<0.0)

Cumulative frequency for retinopathy at 5 years;

50% patients who still ha