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Preface

Type 2 diabetes is affecting increasing numbers of people in the United Kingdom.  Although its
management can sometimes seem straightforward, the burden of serious complications and their
sequelae may be considerable both for the individual concerned and for the health care services in
general.

Nevertheless, many aspects of these complications can be ameliorated, even prevented in some
instances, with good management of the condition.  The aim of the Type 2 diabetes guideline series
is to provide guidance about managing Type 2 diabetes for the whole range of clinical staff who
work in primary and secondary care.  This guideline and evidence review on the management of
blood glucose is part in a series that also addresses other key aspects of Type 2 diabetes care: renal
care, early management of diabetic retinopathy; management of blood pressure; and various aspects
of lipids management.  Summary guidelines will be published by the National Institute for Clinical
Excellence (NICE).  A foot care guideline has been published through the Royal College of General
Practitioners.

This document comprises the clinical practice recommendations and the evidence review
undertaken to support the development of these recommendations.  Whilst the scientific literature
contains a vast amount of research conducted about diabetes, relatively little of that research was
found to be useful in addressing key clinical questions that health care professionals and patients
ask about many aspects of management in people with Type 2 diabetes.

These national guidelines have brought, in an explicit way, the available international research
evidence together with the experience of a considerable number of health care professionals and
patient representatives with substantial experience of managing Type 2 diabetes.  This combination
of scientific literature, professional and patient experience has produced both an evidence base and
set of recommendations that can be used as they stand, or can provide the starting point for local
adaptation of the guidelines.  Either approach could be the first step in a local implementation plan.

The clinical guidelines and evidence review were constructed by a multi-professional, multi-agency
collaboration.  The process was led by the Royal College of General Practitioners Effective Clinical
Practice Programme at its Unit based in the School of Health and Related Research at the
University of Sheffield.  It would not have been possible to undertake this project without the very
considerable work of all the individual health care professionals and university staff, patients and
their representatives.  The support of the National Institute for Clinical Excellence and the various
collaborating organisations and agencies was also a key element of allowing this work to be
undertaken.  I would like to thank them all.

Professor Allen Hutchinson

Programme Director
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The national clinical guideline for Type 2 diabetes

The national clinical guideline for Type 2 diabetes is comprised of a series of six inter-related
guidelines that deal with different aspects of Type 2 diabetes.  Throughout this document the entire
series of guidelines is referred to as ‘the national guideline’.  The aim of the national guideline is to
provide recommendations to assist health care professionals in their management of people with
Type 2 diabetes and is aimed at all health care professionals providing care to people with
diagnosed Type 2 diabetes in primary and secondary care, irrespective of location.  Depending on
the type, stage and severity of clinical problem, the guidelines may also be valuable to those who
work in the tertiary sector of diabetes care.

The constituent guidelines deal with the following areas within Type 2 diabetes:

♦ foot care (prevention and management of foot problems)
(Hutchinson et al 2000b)* (Hutchinson et al 2000a)

♦ retinopathy (diabetic retinopathy: early management and screening)
(Hutchinson et al 2002a)* (National Institute for Clinical Excellence 2002a)

♦ renal care (renal disease: prevention and early management)
(McIntosh et al 2002a)* (National Institute for Clinical Excellence 2002b)

♦ lipids management
(McIntosh et al 2002b)* (National Institute for Clinical Excellence 2002)

♦ blood pressure management
(Hutchinson et al 2002b)* (National Institute for Clinical Excellence 2002)

♦ management of blood glucose, including patient education
(McIntosh et al 2002c)* (National Institute for Clinical Excellence 2002)

*Hutchinson et al 2000, Hutchinson et al 2002a and McIntosh et al 2002a, McIntosh et al 2002b, Hutchinson et al
2002b and McIntosh et al 2002c are available from www.shef.ac.uk/guidelines/

This section outlines the methodological approach that is taken to develop the national clinical
guideline for Type 2 diabetes.  The overall approach is the same for each constituent guideline
(renal care, retinopathy etc).  Where any variation in the process has occurred then this will be
noted.

Each constituent guideline is developed and presented in such a way that they can stand as
independent guidelines as well as part of the complete set that make up the national guideline.

Key features of the national guideline include:

• it is evidence based, where evidence is available

• in areas where evidence is lacking this is made clear, and the consensus methods used to
derive recommendations are clearly described

• recommendations are explicitly linked to evidence where it is available

• the recommendations, methods and conclusions in the guideline are explicit and transparent.

The key steps taken to develop a guideline are outlined in Figure 1.
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Figure 1: Outline of guideline development process
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Scope of the national guideline for Type 2 diabetes

The national guideline aims to cover the clinical care and management of adults with diagnosed
Type 2 diabetes.  It does not cover people who have not been diagnosed as having Type 2 diabetes,
for example those in a pre-diabetic state or people with impaired glucose tolerance or care in
pregnancy.  Nor does it cover issues concerned with screening for undiagnosed cases of Type 2
diabetes.

In each of the clinical areas covered by the national guideline, scoping exercises were undertaken in
order to:

• develop pathways of care for the clinical areas in Type 2 diabetes

• develop key clinical questions for the constituent guidelines to address

• provide a useful mechanism for checking that all areas considered relevant were covered.

For foot care, retinopathy, renal disease and the management of blood glucose, the pathways were
initially developed by members of the Recommendations panel.  These were further developed and
refined by the clinical working groups in each concerned area.  For lipids and raised blood pressure,
the pathways were developed from the outset by the clinical working groups in each of these areas.

Note on nomenclature

Type 2 diabetes
Throughout the guideline documents we have used the classifications recommended by the World
Health Organisation (WHO) (1999) and the American Diabetes Association (2001).  Diabetes UK
has recommended adoption of this (ADA) classification (Diabetes UK, 2000, www.diabetes.org.uk).

Type 2 diabetes is described by the WHO Consultation as follows:

Type 2 (diabetes) is the most common form of diabetes and is characterised by disorders of
insulin action and insulin secretion, either of which may be the predominant feature.  Both
are usually present at the time that this form of diabetes is clinically manifest.  By definition,
the specific reasons for the development of these abnormalities are not yet known.

The WHO Consultation document goes on to say:

Diabetes mellitus of this type previously encompassed non-insulin dependent diabetes, or
adult onset diabetes.  It is a term used for individuals who have relative (rather than
absolute) insulin deficiency.  People with this type of diabetes frequently are resistant to the
action of insulin.  At least initially and often throughout their lifetime, these individuals do
not need insulin treatment to survive.  This form of diabetes is frequently undiagnosed for
many years because the hyperglycaemia is often not severe enough to provoke noticeable
symptoms of diabetes.  Nevertheless such patients are at increased risk of developing
macrovascular and microvascular complications.

Where journal papers and other works are discussed in this guideline, the nomenclature that has
been used in the original papers has been left unchanged.  Therefore most papers cited in these
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guidelines refer to non-insulin dependent diabetes (NIDDM) and insulin dependent diabetes
(IDDM), rather than Type 2 or Type 1 diabetes.

We acknowledge that it is now recognised that some children suffer from Type 2 diabetes (Fagot-
Campagna et al 2001).  However, these guidelines refer only to the management of adults with
Type 2 diabetes.

Sulphonylureas

These drugs are covered in the ‘insulin secretagogues’ sections of this guideline.

Terminology

In this document the following issues of nomenclature should be noted.

♦  HbA1c is used to denote glycated haemoglobin

♦ macrovascular disease is used to denote arterial disease,
in particular affecting the coronary arteries, and the arteries supplying the brain and feet

♦ microvascular disease is used to denote changes small arteries, veins and capillaries,
in particular in the eye, kidney and nerves.
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Responsibility and support for the guideline

Responsibility

The national clinical guideline was developed under the direction of the Royal College of
General Practitioners Effective Clinical Practice, Programme Director: Professor Allen Hutchinson,
ScHARR, University of Sheffield.

Funding

The guideline was developed with funding from the National Institute for Clinical Excellence (who
took over responsibility for the National Health Service Executive, Guidelines Development
Programme, with whom funding was originally agreed).  Additional funding was provided by
Diabetes UK (formerly the British Diabetic Association).

For the patient education section additional funding was also available via the NHS Centre for
Reviews and Dissemination, of York, as the review contributed to an Effective Health Care
Bulletin.

The National Institute for Clinical Excellence is associated with the National Clinical Guideline for
Type 2 Diabetes, produced by The Royal College of General Practitioners Effective Clinical
Practice Unit through a funding contract.  This arrangement provides the Institute with the ability to
secure value for money in the use of the NHS funds invested in this organisation’s work and
enables the Institute to influence topic selection, methodology and dissemination practice.  The
Institute considers the work of this organisation to be of value to the NHS in England and Wales
and recommends that it be used to inform decisions on service organisation and delivery.

This publication represents the views of the authors and not necessarily those of the Institute.

Using the guideline

Guidelines are only one type of information that health care professionals may use when making
decisions about patient care.  It is assumed that this guideline, like all guidelines, will be used by
health care professionals who will also bring to bear their clinical knowledge and judgement in
making decisions about caring for individual patients.  It may not always be appropriate to apply
either specific recommendations or the general messages in this document to each individual or in
every circumstance.  The availability of resources may also influence decisions about patient care,
including the adoption of recommendations.

For pharmacological interventions licensing issues and precautions/contraindications should be
considered.  Information on precautions and indications for particular pharmacological
interventions is available through the ABPI compendium of summaries of product characteristics
(www.emc.vhn.net).

The review date of this guideline is three years from publication date, by which time new, relevant
results may be available that may affect the recommendations within the guideline.
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Project structure

There were many groups and individuals involved in the development of the national clinical
guideline (see Figure 2, Project Structure page 14). Some groups were concerned with clinical areas
(the Clinical working groups), others were concerned with the management and quality assurance of
the guideline development process or with other important aspects related to the guideline such as
implementation and patient involvement.  Different groups were involved in the stages outlined in
Figure 1 to different amounts and their roles are described below.

Recommendations panel

The Recommendations panel had ultimate responsibility for ensuring that a valid, relevant and
rigorous national clinical guideline was produced as a result of the guideline development process.
It had the key role in ensuring that all areas were covered, both in those areas covered by the
Clinical working groups and also in areas of care which do not neatly sit in any particular group.
The Recommendations panel also ensured that issues pertinent across all clinical working group
areas, for example issues of risk for people with Type 2 diabetes, were adequately covered.  The
working groups in the clinical areas presented their recommendations, comments and views to this
group, who have to ensure that recommendations are consistent in terms of the overall wording,
presentation and clinical coherence.  They were also responsible for agreeing the final grading of
the recommendations.  The Recommendations panel also had a central role in shaping what the
overall national guideline looked like and, as such, the panel also acted as a quality control
mechanism.  Membership is given in the Appendix.

Clinical working groups

Six groups were concerned with specific clinical areas within Type 2 diabetes care.
The six clinical working groups were:

• foot care (prevention and management of foot problems)
• retinopathy (early management and screening )
• renal care (renal disease: prevention and early management)
• lipids management
• blood pressure management
• management of blood glucose
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The groups consisted of members of the project team (guideline methodologists, small group
facilitators and systematic reviewers) together with practitioners and content experts.  The chair of
each group was also a member of the Recommendations panel.  The groups were given remits to:

• formulate the key questions to be considered by both the evidence reviews, and the
guideline, in their clinical area

• consider the evidence (both that which is presented to them and any additional evidence
that the group identifies as relevant and meeting quality criteria)

• consider and comment on the evidence review (undertaken by project team members)

• draft recommendations in their clinical area, for consideration by the Recommendations panel

• consider comments from the recommendations panel (and other internal reviewers) and
review their recommendations if necessary

• consider external feedback from the development process, particularly from the NICE
stakeholder reviews, and to make any necessary amendment proposals to the
Recommendations panel.

Project management group

The project management group oversaw the progress of the development of all the constituent
guidelines (and thus the overall national guideline), and the whole project in general.  This group
dealt with management and policy issues within the project.

Advisory group

The advisory group consisted of representatives from the concerned professions, Diabetes UK,
Royal Colleges and similar bodies.  It offered advice and assistance on the general direction, quality
and policy issues surrounding the development of the guideline.  It met approximately every 6
months.

Systematic reviews group

The systematic reviews group offered advice and comment on the systematic reviews being
undertaken for the guideline, ensuring that rigorous methodology was employed.  It was therefore a
quality assurance mechanism.

Patient organisation involvement

Diabetes UK had representation on the Advisory group and Recommendations panel.  It also had
representation on individual clinical area working groups, and was represented in the review
process.
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Aim and scope of the management of blood
glucose guideline

This guideline is aimed at all health care professionals involved in the management of blood
glucose in  people with diagnosed Type 2 diabetes in primary and secondary care, irrespective of
location of care facilities.  The guideline is not primarily aimed at health care professionals involved
in the management of blood glucose working in the tertiary care sector, although it may be useful to
them.

The recommendations are explicitly linked to available evidence and informed by the consensus
views of the guideline development group.

Scope of the review

This section of the national guideline deals with the management of blood glucose in adults with
diagnosed Type 2 diabetes.  It does not address the care of children.

The guideline does not address identification of undiagnosed diabetes.
For other aspects of management of people with Type 2 diabetes please see the accompanying
guidelines in this series.

Principal clinical questions to be addressed by the blood glucose
guideline

A blood glucose management care pathway was derived by the working group.
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Simplified blood glucose management path

People with Type 2 diabetes

Acceptable Glucose Levels
What are they?

Unacceptable Glucose Levels
What are they?

Is it worth changing
glucose levels?

If “ yes” (assumed)

Beneficial effect, due to
• reduction in glucose
• intervention

What method?
What levels should be
• aimed for?
• achieved?

• microvascular disease
• arterial disease

medical interventions
drug intervention

drug category

lifestyle interventions
diet
exercise

Note: it was decided not to cover anti-obesity surgical interventions, partly due to resource
limitations and also as this is an issue for a relatively small number of patients
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Evidence identification and grading

Search strategies

The search strategies attempted to locate systematic reviews and meta-analyses, randomised trials,
other comparative studies, quality of life studies and economic studies using a combination of
subject heading and free text searches.  Extensive use was made of high quality recent review
articles and bibliographies, as well as contact with subject area experts.  The search strategy was
also backed up by the expert knowledge and experience of group members.  Searches were limited
to English language citations.

Reviewing the evidence

The following bibliographic databases were searched

♦ Cochrane Trials Register
♦ Medline
♦ Embase
♦ Cinahl
♦ PsychLit

using an optimally sensitive search strategy of terms and text words.  All databases were searched
from 1990 onwards.  Full details of the search strategies are available from the authors.

Additionally, the following databases were also searched for the patient education section:

♦ Healthstar
• Healthpromis
• NEED

and for that section all databases were searched from 1983 onwards.

Assessment of papers retrieved, and abstraction of data was conducted independently by reviewers
(Aileen McIntosh, Heather Withers, Sarah Smith, Eva Kaltenthaler, Rupert Suckling, Jean Peters)
and disagreements were resolved by discussion.

Following assessment for quality and relevance, papers were extracted and evidence tables
produced wherever possible.  Where it was not practicable to construct evidence tables then a
narrative approach was used.  This produced an evidence report that was presented to the
management of blood glucose working group to develop evidence statements and
recommendations.

Inclusion criteria

Studies retrieved were assessed for their quality and relevance in answering the key clinical
questions identified by the blood glucose working group and the pathways of care exercise.  Our
primary aim was to identify studies with glycaemic control outcomes (eg HbA1c) with a secondary
aim to identify studies with weight reduction outcomes.
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Evidence grading

The evidence grading approach used is outlined below.

Classification of Evidence

Evidence
level

Description

Ia: evidence from meta-analysis of randomised controlled trials

Ib: evidence from at least one randomised controlled trial

IIa: evidence from at least one controlled study without randomisation

IIb: evidence from at least one other type of quasi-experimental study

III: evidence from non-experimental descriptive studies,
such as comparative studies, correlation studies and case-control studies

IV: evidence from expert committee reports or opinions and/or
clinical experience of respected authorities

Adapted from Agency for Health Care Policy and Research (1992)  Acute Pain Management: Operative or Medical
Procedures and Trauma  Agency for Health Care Policy and Research / US Department of Health and Human Services,
Public Health Service, Rockville, MD

Evidence grading (and consequent recommendation grading) is problematic in the assessment of
non-intervention studies, eg screening or diagnostic test papers.

Recommendation grading

We used a grading system that is currently considered acceptable.  However, this direct linking of
recommendation grade to evidence level may not be helpful in clinical practice terms, since
important clinical practice issues may be graded, for instance C or D, and this might be mistaken by
the occasional reader as a recommendation weighting rather than as the resultant of evidence
grading.

Grading of Recommendations

A directly based on category I evidence

B directly based on category II evidence,
or extrapolated recommendation from category I evidence

C directly based on category III evidence,
or extrapolated from category I or II evidence

D directly based on category IV evidence,
or extrapolated from category I, II or III evidence

From Eccles M et al (1998)  North of England Evidence Based Guideline Development Project: guideline for angiotensin
converting enzyme inhibitors in primary care management of adults with symptomatic heart failure BMJ 316: 1369
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2. Principal recommendations



22 National Clinical Guidelines for Type 2 Diabetes

Measurement

People with Type 2 diabetes should have ongoing structured evaluation of microvascular and
cardiovascular risk and the development of complications.  (C)

Haemoglobin A1c (HbA1c) should be measured at 2–6 monthly intervals;
the interval should depend on:

acceptable levels of control,  (D)    and

stability of blood glucose control,  (D)    and/or

change in levels of blood glucose,  (D)    and/or

change in therapies.  (D)

Six-monthly measurements should be made if the blood glucose level and blood glucose
therapy are stable.  (D)

If measurement of HbA1c is not possible because of abnormal erythrocyte turnover or
haemoglobinopathy, blood glucose profiles and/or total glycated haemoglobin estimation should
be used.  (D)

HbA1c measurement should be DCCT-aligned.a  (D)

aGlycated haemoglobin assays should be aligned with the HbA1c assay used in the Diabetes Control and Complications Trial (DCCT)
and UKPDS, so that target blood glucose control can be related to the published long-term-vascular-risk findings. The majority of
UK assays are now so aligned (Marshall and Barth 2000; Marshall et al. 2002).

Targets

For each individual, a target HbA1c (DCCT-aligned) should be set between 6·5 % and 7·5 %,
based on the risk of macrovascular and microvascular complications.  (B)

In general, the lower target HbA1c is preferred for those people at significant risk of
macrovascular complications, but higher targets are necessary for those at risk of iatrogenic
hypoglycaemia.  (D)
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Self-monitoring

Self-monitoring should not be considered as a stand-alone intervention.  (D)

Self-monitoring should be taught if the need/purpose is clear and agreed with the patient.  (D)

Self-monitoring can be used in conjunction with appropriate therapy as part of integrated self-
care.  (D)

Lifestyle interventions

Weight loss and increased physical activity should be encouraged in those who are overweight or
obese.  (B)

Healthcare professionals should work with individuals to find approaches to lifestyle change
that are likely to be adhered to and that give the best chance of success.  (D)

Patient education

Patient education should be offered on an ongoing basis.  Different approaches should be tried
until the best methods for the patient are identified from the attainment of desired outcomes.
(A)

General therapy issues

Concordance with therapy should be discussed with people with diabetes and monitored
where the level of glucose control is problematic.  (D)

Glucose-lowering therapies should be prescribed on a trial basis and the patient’s responses
should be monitored using HbA1c measurement (DCCT-aligned).  (D)

When glucose control deteriorates to unsatisfactory levels on current therapy, another
therapy should normally be added, rather than substituted.  (B)
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Metformin

In people who are overweight (body mass index over 25.0 kg/m²)and whose blood glucose in
inadequately controlled using lifestyle interventions alone, metformin should normally be used
as the first-line glucose-lowering therapy.  (A)

Metformin should be considered as an option for first line or combination therapy for people
who are not overweight.  (A)

Metformin is contraindicated in those with renal impairment (serum creatinine >130 µmol/l)
and those at risk of sudden deterioration of renal function.  (C)

Insulin secretagogues

Insulin secretagogues include the sulphonylureas and the rapid-acting insulin secretagogues
(nateglinide and repaglinide).

Insulin secretagogues should be used in combination with metformin in overweight or obese
people when glucose control becomes unsatisfactory.  (A)

Insulin secretagogues should be considered as an option for first line therapy when:

metformin is not tolerated or is contraindicated  (A)

people are not overweight.  (A)

A generic sulphonylurea drug should normally be the insulin secretagogue of choice.  (B)

Long-acting once daily sulphonylureas may be useful where concordance with therapy is a
suspected problem.  (B)

Rapid-acting insulin secretagogues may have a role in attaining tight glucose control in
patients with non-routine daily patterns.  (B)

Clinicians, and those using an insulin secretagogue, should be aware of the risk of
hypoglycaemia and be alert to it.  (A)
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PPAR-γ agonists (including the thiazolidinediones)

The currently available PPAR-γ agonists are the thiazolidinediones (commonly referred to as
glitazones) pioglitazone and rosiglitazone.

People should be offered a thiazolidinediones as oral combination therapy if

they are unable to take metformin and insulin secretagogues as combination therapy  (A),  or

the HbA1c remains unsatisfactory despite adequate trial of metformin with insulin
secretagogues.  (A)

The licensed thiazolidinediones are contraindicated in combination therapy with insulin.  (A)

Alpha-glucosidase inhibitors

Acarbose may be considered as an alternative glucose-lowering therapy in people unable to
use other oral drugs.  (A)

Insulins

Insulin therapy should be offered to people with diabetes with inadequate blood glucose
control on optimised oral glucose-lowering drugs.  (A)

Local experience, patient preference and relative costs should inform the choice of insulin
type and regimen as there is little research evidence in this area.  (D)  (D)

Clinicians and people using insulin should be aware of hypoglycaemia and be alert to it.  (A)

When transferring a person from a combination of metformin and another oral agent to
insulin therapy, continue with metformin.  (B)

When transferring a person from a combination of sulphonylurea plus another oral agent
(metformin not tolerated or contraindicated) to insulin therapy, continue the sulphonylurea.
(B)
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Anti-obesity drugs

Orlistat when used in accordance with NICE guidance may be considered as part of a weight-
loss strategy for people with Type 2 diabetes.  (A)

The relevant NICE guidance is as follows:

Orlistat should be available as one part of the management of obesity for adults who
have lost 2.5 kg by diet and increased activity in the month prior to their first
prescription and who also have a body mass index of 28 kg/m2 or more and another
serious illness that persists despite standard treatment (for example, Type 2 diabetes,
high blood pressure and/or high cholesterol).
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3. Measurement
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Measurement

Recommendations

People with Type 2 diabetes should have ongoing structured evaluation of microvascular and
cardiovascular risk and the development of complications.  (C)

Haemoglobin A1c (HbA1c) should be measured at 2–6 monthly intervals;
the interval should depend on:

acceptable levels of control,  (D)    and

stability of blood glucose control,  (D)    and/or

change in levels of blood glucose,  (D)    and/or

change in therapies.  (D)

Six-monthly measurements should be made if the blood glucose level and blood glucose
therapy are stable.  (D)

If measurement of HbA1c is not possible because of abnormal erythrocyte turnover or
haemoglobinopathy, blood glucose profiles and/or total glycated haemoglobin estimation
should be used.  (D)

HbA1c measurement should be DCCT-aligned.a  (D)

aGlycated haemoglobin assays should be aligned with the HbA1c assay used in the Diabetes Control and Complications Trial (DCCT)
and UKPDS, so that target blood glucose control can be related to the published long-term-vascular-risk findings. The majority of
UK assays are now so aligned (Marshall and Barth 2000; Marshall et al. 2002).

Evidence statements
III In a Finnish population cohort study the seven year risk of myocardial infarction was as

high in adults with diabetes without cardiac disease as it was in people without diabetes
with previous cardiac disease.

III Haemoglobin A1c (HbA1c) level predicts rate of development of macrovascular and
microvascular complications.

III A lowering of HbA 1c levels lowers the risk of developing macrovascular and
microvascular complications.

III Blood glucose levels deteriorate with time in populations with Type 2 diabetes.

1b UKPDS demonstrated the clinical effectiveness of using HbA1c estimations to monitor
blood glucose control in Type 2 diabetes.

III There is a relationship between fasting plasma glucose and HbA1c .  The evidence relating
a lowering of fasting blood levels to complications is much less secure than for  HbA1c .

IV No unconfounded studies have addressed the optimal testing frequency for HbA1c .

Current guidelines suggest two tests per year in subjects with stable blood glucose levels.

IV In major outcome studies which quantifiably related blood glucose control to
complications, the primary measure used was DCCT-aligned HbA1c .
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Evidence: narrative

There is evidence of the relationship between blood glucose levels and the development of
complications.  The evidence for microvascular complications is more abundant and robust than
that for macrovascular disease.  The evidence that we have used comes from two major sources

♦ epidemiological data

and

♦ extrapolations have also been made from trial data to provide epidemiological arguments.

A series of studies have shown the link between poorer blood glucose levels and poorer outcomes in
terms of development of complications (both microvascular and macrovascular).  These have been
summarised by Laakso  1999.  Their summary table is presented below.

Prospective studies showing an association between cardiovascular events and glycaemic
control in patients with Type 2 diabetes*

Study Number
of patients

Age
(yr)

Length of
follow-up
(yr)

Indicator Endpoint

Newly-diagnosed Type 2 diabetes

Uusitupa et al 133 45-64 10 Fasting blood glucose,
HbA1c

Cardiovascular mortality

Andersson and
Svärdsudd

411 23-94 7 Mean fasting blood
glucose

IHD mortality and
morbidity

Hanefeld et al 1139 30-55 11 Postprandial glucose Incidence of myocardial
infarction

Turner et al 2693 25-65 8 Fasting plasma glucose,
HbA1c

IHD mortality and
morbidity

Previously diagnosed Type 2 diabetes

Kuusisto et al 229 65-74 3.5 HbA1c IHD mortality and
morbidity

Kuusisto et al 229 65-74 3.5 Fasting plasma glucose,
HbA1c

Stroke incidence

Klein et al 1370 >30 10 HbA1c IHD mortality, stroke
incidence

Gall et al 328 20-65 5 HbA1c Cardiovascular mortality

Standl et al 290 <76 10 HbA1c Cardiovascular mortality

Lehto et al 1059 45-64 7 Fasting plasma glucose IHD mortality and
morbidity

Lehto et al 1059 45-64 7 Fasting plasma glucose,
HbA1c

Stroke mortality and
morbidity

Wei et al 471 25-64 7.5 Fasting plasma glucose Cardiovascular mortality

*IHD, ischaemic heart disease

adapted from Laakso, M  Hyperglycaemia as a risk factor for cardiovascular disease in Marshall SM  Home
PD  Rizza RA (ed), The Diabetes Annual (copyright 1999) with permission from Elsevier Science.
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In particular the findings of the United Kingdom Prospective Diabetes Study (UKPDS) are useful.

Findings from the UKPDS showed that:

♦ incidence of clinical complications was significantly associated with glycaemia

For every  1.0 % Hb higher HbA1c there is an increase in risk of:

♦ 21% for any diabetes related endpoint (95% CI, 17 – 24, p<0.0001)

♦ 21% for any diabetes related deaths, (95% CI, 15 – 27, p<0.0001)

♦ 14% for myocardial infarction (95% CI, 8 – 21, p<0.0001)

♦ 37% for microvascular complications (95% CI, 33 – 41, p<0.0001)

No threshold of average HbA1c for any adverse outcome was observed.

Any reduction in average HbA1c is likely to reduce the risk of non-acute complications with the
lowest risk being in those with average HbA1c levels in the normal range (<6.0 %).

The reduction over a median of 10 years in HbA1c from 7.9 to 7.0 % explained much of the benefit
that could be expected from use of insulin and sulphonylureas.

Details from UKPDS 35 are given in the table below.
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Incidence of complications in people with Type 2 diabetes by category of updated mean haemoglobin A
1c

 concentration (%).  Rates per 1000- person-yr

follow up adjusted in Poisson regression model to white men age 50 to 54 yr at diagnosis of diabetes and followed up for 7.5 to <12.5 yr, termed “10 yr”
(n=4585)

<6.0% 6.0 to <7.0 % 7.0 to <8.0 % 8.0 to <9.0 % 9.0 to <10.0 % ≥10.0 %

Aggregate end points

Complications related to diabetes:

Adjusted rate (95% CI) 35.9
(29.9 to 43.1)

48.7
(41.3 to 57.3)

65.5
(55.5 to 77.2)

74.5
(62.6 to 88.8)

103.2
(84.2 to 126.5)

124.9
(97.3 to
160.3)

Deaths related to diabetes:

Adjusted rate (95% CI) 8.9
(6.3 to 12.7)

12.0
(8.9 to 16.3)

19.9
(14.8 to 26.7)

23.5
(17.2 to 32.0)

29.5
(20.4 to 42.6)

33.0
(19.8 to 55.1)

Fatal or non-fatal myocardial infarction:

Adjusted rate (95% CI) 16.0
(12.1 to 21.2)

20.8
(16.2 to 26.7)

29.2
(22.8 to 37.4)

30.0
(22.9 to 39.4)

39.6
(28.8 to 54.5)

38.6
(24.4 to 61.0)

Fatal or non-fatal stroke:

Adjusted rate (95% CI) 4.3
(2.6 to 7.0)

6.6
(4.4 to 10.1)

8.3
(5.4 to 12.7)

7.4
(4.5 to 11.9)

6.7
(3.5 to 12.7)

12.0
(5.7 to 25.3)

Amputation or death from peripheral
vascular disease:

Adjusted rate (95% CI) 1.2
(0.4 to 3.2)

1.2
(0.5 to 3.1)

2.6
(1.1 to 5.8)

4.0
(1.8 to 9.0)

10.9
(5.0 to 23.7)

12.2
(4.6 to 32.4)

Fatal or non-fatal microvascular disease:

Adjusted rate (95% CI) 6.1
(4.1 to 9.0)

9.3
(6.7 to 12.9)

14.2
(10.3 to 19.5)

22.8
(16.7 to 31.3)

40.4
(28.9 to 56.5)

57.8
(39.3 to 85.1)

(adapted from UKPDS 35)
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Other epidemiological studies are also useful to consider, even if their focus was not primarily or
solely on blood glucose levels.  In a Finnish population cohort study the seven year risk of
myocardial infarction was as high in adults with diabetes without cardiac disease as it was in people
without diabetes with previous cardiac disease (Haffner et al 1990).  Haffner et al (1999) suggested
that a cohort of people with Type 2 diabetes and no manifest CVD have a coronary risk equivalent
to that of a cohort without diabetes who have had a coronary event (a hazard ratio of about 1).
Although there may be some limitations to the extent to which these results are generalisable (the
confidence interval round the hazard ratio of 1 was wide at 0.6 to 2.4) it is important to recognise
that many people with Type 2 diabetes without manifest CVD are at high risk.  The clinical practice
and decision making problems are, however, exacerbated by the fact that not everyone with Type 2
diabetes has a high coronary event risk.  People who have overt cardiovascular disease are at higher
risk.  But some groups, particularly in the younger age groups of European origin, who have no
overt cardiovascular disease, who do not smoke or may have only slightly raised serum lipids
and/or normal blood pressure, risk levels may be significantly lower than the overall figure
suggested by Haffner et al (1999).  (See also the lipids management and blood pressure
management guidelines in this series of Type 2 guidelines)

There is an absence of rigorous evidence on what measures should be used in the assessment of
blood glucose levels.  Whilst studies have shown that a relationship exists between different
measures, for example HbA1c and fasting plasma glucose, it is not at all clear that one can be
substituted for another, when measurement is required.

Working group commentary

The Working group thought that given the deterioration of glucose control that can occur in some
patients over a 6 month period of time (sometimes by an increase of as much as 0.5% Hb), then
twice yearly measurement of HbA1c was justified.  Epidemiological evidence about rates of
deterioration was not available, hence this consensus recommendation by the group.

HbA1c and other measures

One study (El-Kebbi et al 1998) found that fasting plasma glucose (fasting plasma glucose) was a
moderately good indicator of HbA1c levels, with a sensitivity of 80%, specificity of 83% and
positive predictive value of 77%.  All values under the Receiver Operator Curve were statistically
significant.  This study also found that random plasma glucose (rpg) measures were also a
reasonable indicator of HbA1c levels, although with a sensitivity of 78%, specificity of 77%
possibly not quite as good as fasting plasma glucose, despite the positive predictive value was 78%.
This study had approximately 84% of subjects with Type 2 diabetes and 85% African-American.

However, another study (Bouma et al 1999) concluded that the case for fasting plasma glucose as a
reflection of HbA1c was not convincing.  The correlation coefficient was 0.73.  They argued that the
case for changes in fasting plasma glucose reflecting changes in HbA1c was even less convincing
with the correlation coefficient being 0.65.

Thus the interpretations of the available studies give conflicting messages.
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Postprandial blood glucose

Working group commentary

Uncertainty remains about the significance of postprandial blood glucose levels (PPG) as a
predictor of late complications, and thus as a target for management.  In the absence of definitive
evidence the Working Group considered that the position statement by the American Diabetes
Association (ADA 2001) was probably the ‘best evidence’ available.  A summary of key points
from this position statement is presented below.

♦ in general, fasting plasma glucose (FPG) and in particular mean plasma glucose (MPG)
concentration are highly correlated with HbA1c

♦ postprandial glucose excursions (PPGEs) are poorly correlated with HbA1c

♦ there are insufficient data to determine accurately the relative contribution of the fasting
plasma glucose and PPG to HbA1c

♦ it appears that fasting plasma glucose is somewhat better than post prandial glucose in
predicting HbA1c, especially in Type 2 diabetes

♦ no clinical trial data addresses whether post prandial glucose, independent of other measures
of glycaemia, plays a unique role in the pathogenesis of diabetes-specific complications

♦ no clinical trial data outside of studies in gestational diabetes have examined the need to
treat postprandial glucose levels specifically to prevent complications

♦ the only setting in which post prandial glucose monitoring has been shown to improve
outcomes is gestational diabetes

♦ there appear to be no unique risks associated with the specific lowering of post prandial
glucose to achieve HbA1c goals.

The Working group noted that most of the major outcome studies have used HbA1c as a primary
outcome measure.  The outcome studies have clearly shown a relationship between HbA1c and
indications of development of complications.  Furthermore the quantitative relationship between
blood glucose control and rate of development of complications is only known for HbA1c.



34 National Clinical Guidelines for Type 2 Diabetes

Targets

Recommendations

For each individual, a target HbA1c (DCCT-aligned) should be set between 6·5 % and 7·5 %,
based on the risk of macrovascular and microvascular complications.  (B)

In general, the lower target HbA1c is preferred for those people at significant risk of macrovascular
complications, but higher targets are necessary for those at risk of iatrogenic hypoglycaemia.  (D)

Evidence statement

III A lowering of HbA 1c levels lowers the risk of developing macrovascular and
microvascular complications.

III The UKPDS suggested that there were no thresholds for cessation of benefit by lowering
HbA1c and that the lower the level of mean HbA1c the better.

Evidence: narrative

The UKPDS showed that the reduction over a median of 10 yr in HbA1c from 7·9 to 7·0 % using
sulphonylureas or insulin provided much of the benefit that could be expected from that degree of
improved glycaemic control.  However it also illustrated the difficulties in being able to reach this
level (7·0 %) in a substantial proportion of people.  Thus providing only one target is likely to
encounter a significant number of people who ‘fail’ to meet that target.  Similarly for some
individuals an even lower target is desirable as they may have additional risk factors which
necessitates even tighter blood glucose control.  The UKPDS also suggested that there were no
thresholds for cessation of benefit and that the lower the level of mean HbA1c the better.

Working group commentary
The Working group tried to reflect these issues when deciding upon a target HbA1c.  They
concluded that a range was the best option, recognising the difficulty in achieving a low target
whilst recognising the importance of trying to achieve as near normal anHbA1c level as possible,
and in particular recognising that additional risk factors made the lower limit even more important
for many individuals.  While no study suggests clear thresholds, the Group noted on the basis of the
epidemiological evidence in the DCCT (Type 1 diabetes) and UKPDS that microvascular risk was
low once average HbA1c was around 7.0-8.0 % while arterial risk continued to fall down to 6.0 to
7.0 % (DCCT standardised).

Thus the target for each individual should be set which fully takes into account:

♦ their assessed risk factors, including
♦ age
♦ BMI
♦ blood pressure and lipid status

♦ side effects of therapy

♦ other individual factors

♦ patient choice.
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Self-monitoring

Recommendations

Self-monitoring should not be considered as a stand-alone intervention.  (D)

Self-monitoring should be taught if the need/purpose is clear and agreed with the patient.  (D)

Self-monitoring can be used in conjunction with appropriate therapy as part of integrated self-
care.  (D)

Evidence statements

1a Using blood or urine testing as a stand alone intervention does not appear to improve
HbA1c, decrease body weight, reduce incidence of hypoglycaemia or improve health-
related quality of life.

III Self-monitoring may have a role to play as part of an integrated self-care package for
people with Type 2 diabetes.

1a There is no evidence that blood glucose monitoring is more effective than urine testing as
part of an integrated self-care package in improving blood glucose control.

1a Urine testing is cheaper than blood glucose testing.

III Urine testing is preferred by some patients and blood testing by others.

IV Insulin doses can only be adjusted appropriately on the basis of self-monitored blood
glucose levels at different times of day.

Evidence: narrative

Self-monitoring in Type 2 diabetes was considered in a systematic review undertaken by Faas et al
(1997).  This included two Medline searches for 1976-96, resulting in 77 and 813 articles
respectively.  However all of those identified in the second search were eliminated.  Additionally a
search through the reference lists was also undertaken.

♦ Twelve studies met the inclusion criteria, but only 4 met all qualitative criteria (all RCTs):
♦ one was excluded as patients were mainly using insulin
♦ four were descriptive, prospective
♦ one was comparative, retrospective
♦ six were RCTs.

These six RCTs formed the basis for the review.  Three of the trials showed no significant
difference between self-monitoring of blood glucose (SMBG) and urine testing.  One trial showed
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no efficacy of SMBG over no SMBG, one trial showed a significantly positive result of SMBG
compared with no SMBG (HbA1c and weight), while two studies showed slightly but not
significantly positive results (mean HbA1c in one and weight loss in the other).  One study showed
improved compliance with therapy but not blood glucose control.

An HTA review (Coster et al 2000) has looked at monitoring of blood glucose in people with
diabetes.  This included a section concerned with self-monitoring.  This was a systematic review,
and involved data synthesised using meta-analysis where possible.  The review included eight
RCTs.  Of the RCTs, one included only patients who were on oral glucose-lowering agents or
insulin, while another trial included only those on oral drugs.  The remaining trials included only
patients who were not insulin users.  No trial included enough subjects to detect a difference in
HbA1c of ≤0.5%.
Interventions were not standardised, while patient training and compliance were not addressed:

♦ three studies compared urine and blood monitoring
♦ four studies compared blood monitoring to no monitoring
♦ one three-armed trial compared urine and blood, and blood and no monitoring.

In three out of four RCTs comparing blood / urine monitoring to no monitoring no difference in
blood glucose control or body weight was found between subjects who monitored & those who did
not.  A meta-analysis on four RCTs showed no effect on HbA1c or body weight.  The studies were
poorly conducted and reported and had low statistical power; the small differences found, for
example in glycated haemoglobin  of up to 0.6 % or in body weight of up to 1.5 kg could be
clinically significant.  In conclusion,

♦ there was no difference in the effect on glycaemic control between urine and blood
monitoring (Fontbonne, Allen, Gallichan, Miles)

♦ the three studies measuring well-being/quality of life (QoL)/mood showed no difference
between blood monitoring and no monitoring (Muchmore et al & Wing et al) or between
blood and urine testing (Miles et al)

♦ in two RCTs (Miles et al and Gallichan) 70 and 71 % of patients preferred urine to blood
testing.

The main conclusion of the review in terms of self-monitoring in Type 2 diabetes, was:

♦ no evidence to show that self-monitoring of blood or urine glucose improves blood glucose
control using HbA1c or fasting plasma glucose

♦ no evidence that blood glucose monitoring is more effective than urine glucose monitoring
in improving blood glucose control

♦ the studies reviewed had low statistical power and were poorly conducted and reported,
small but clinically relevant effects might not have been detectable

♦ patients’ perceptions of monitoring were neither completely nor rigorously studied and
further work is needed in this area

♦ urine testing is less costly than blood testing

♦ urine testing is preferred by some patients.
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The review by Coster et al also considered the role of self-monitoring in people with Type 1
diabetes, and thus people using insulin.  Extrapolation of these findings may be useful in people
with Type 2 diabetes requiring insulin therapy.

Eight trials were also included in this review looking at self-monitoring in people with Type 1
diabetes.  Four studies included children (age <18 yr), six studies included people using twice daily
insulin injections, one study included people using a mixture of twice and one daily dosing.  In
concluding, for people with Type 1 diabetes, Coster et al argued that the reviewed studies did not
provide evidence to support the clinical effectiveness of self-monitoring in Type 1 diabetes.
However, because the studies were generally neither well conducted, nor well reported, and because
they had low statistical power, the review must be considered to give inconclusive results.

A recent study looked at the relationship between self monitoring of blood glucose and glycaemic
control.  Karter et al (2001) looked at the relationship between patients with diabetes, their practise
of self-monitoring (determined by redemption of test strip prescriptions although redemption does
not of course mean use and this is not discussed anywhere in the paper) and level of glycaemic
control.  The study was based on 24 312 responders to a survey (from 48 614 adults on their
Register for a continuous 2 year period from January 1996 to December 1997).  They found that
patients who were categorised as more adherent to ADA recommendations regarding self-
monitoring were more likely to have better glycaemic control, at the level of statistical significance.
It included a so called control group but no primary data is given for this group in the paper, rather a
statement that by use of models comparing this group with the analysis group it appears that
selection bias was not an issue.  This study was described as a cohort study, although it more
closely resembled a cross sectional study, and thus the major limitation is that no conclusions
regarding causality can be made.

Franciosi et al (2001) had data available on nearly 3000 patients with Type 2 diabetes, the
conclusions of this study were that; self monitoring of blood glucose can have an important role in
improving metabolic control if it is an integral part of a wider educational strategy devoted to the
promotion of patient autonomy.  In patients not treated with insulin, self monitoring is associated
with higher HbA1c levels and psychological burden.  They argued therefore that their data did not
support the extension of SMBG to this group.

Overall, we would argue that we can not give much credence to associations between blood glucose
control and blood glucose self-monitoring in observational studies, as indeed it might be expected
that patients and doctors who use and advocate self-monitoring will be the same people who are
motivated to achieve better control.

Working group commentary

Whilst self-monitoring per se cannot be considered an intervention with impact on outcomes such
as HbA1c, decreased body weight, reduced incidence of hypoglycaemia or improved health-related
quality of life, it may prove useful to people in their overall approach to self-care.  For example
self-monitoring could be useful in allowing patients to see the impact of particular behaviours, such
as dietary habits, on their blood glucose levels.  This may help both in the process of identification
of behaviours that prevent optimal control being achieved (and also those behaviours that improve
control) and may also act as important triggers in behaviour change.  This may be of particular
importance in for example individuals who were considered to be moving in the direction of
stepping up therapies, for example moving on to insulin therapy.  The information gained through
self-monitoring may be useful in reconsidering lifestyle behaviours and allowing a further attempt
at behaviour modification.
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Professionals need to reconsider the almost automatic assumption by many that self-monitoring is
beneficial.  It needs to be seen in the context of packages of self-care for the individual.  If self-care
packages are not considered important for particular individuals for whatever reason, there is little
point in advocating self-monitoring in isolation.

The Working group concurred with the many guidelines recommending the need for blood glucose
monitoring for insulin dose adjustment (such as the IDF Europe guidelines (1999)).



Blood glucose management 39

4. Lifestyle interventions
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Lifestyle interventions

Recommendations

Weight loss and increased physical activity should be encouraged in those who are overweight
or obese.  (B)

Healthcare professionals should work with individuals to find approaches to lifestyle change
that are likely to be adhered to and that give the best chance of success.  (D)

Evidence statements

Ia Weight loss and increased physical activity are associated with improvements in glycaemic
control, blood pressure control and blood lipid control.

Ia Involvement in a lifestyle study, even the control group, is often associated with
improvements in glycaemic control, weight loss and lipid levels.

Ia Lifestyle changes can be difficult for some people to achieve and to maintain.
No single method appears to provide better results than any other.

Ia Maintenance of lifestyle changes can be difficult for some people to sustain.

Ib Dietary interventions based on energy intake (55-60% carbohydrate, 15-20% protein and
20-30% fat) lead to a modest improvement glycaemic control and lipid management.

Ib Increasing dietary fibre intake can help improve glucose levels.

Ib For those who can adhere to Very Low Calorie Diets, weight loss, blood pressure and
glycaemic control can improve.  Lipids levels may not improve and may even deteriorate.
Adherence is problematic.

Ib Compliance with either basic nutrition care, intensified nutrition support, or increased
physical activity can all lead to improved in glycaemic control.  These improvements are
short lived and are not maintained following the discontinuation of the intervention.

Evidence: narrative

The evidence for the effectiveness of lifestyle interventions in Type 2 diabetes is limited.

Some of this is due to the difficulty in carrying out methodologically sound clinical trials on what
are often complex and multi-faceted lifestyle interventions.

In most of the trials there are run in periods prior to randomisation.  It is evident that involvement at
this stage of a trial is associated with improved glycaemic control, lipid management and blood
pressure control.

Extrapolation from trials conducted in populations without diabetes may be possible, although this
approach has its own inherent weaknesses.
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Goal of interventions

The goals of lifestyle interventions in those with established Type 2 diabetes are to reduce
premature mortality and morbidity and in particular premature mortality and morbidity from
cardiovascular disease.  Some intermediate aims to enable these goals to be achieved are improved
glycaemic control, lipid control, blood pressure control, and weight reduction.

The major lifestyle interventions are altering the diet (both in terms of nutritional composition and
total energy content), increasing exercise and weight reduction.

Diet

Energy intake (and body weight)

General dietary recommendations have been advocated for use in Type 2 diabetes and may be given
in terms of energy intakes as % of total daily calorie intake, they are: 55-60% carbohydrate, 15-20%
protein and 20-30% fat.

Dietary interventions based on energy intakes of (55-60% carbohydrate, 15-20% protein and 20-
30% fat) lead to a modest improvement glycaemic control and lipid management.

Milne (1994) randomised 70 patients with Type 2 diabetes to three different diets, a weight
management diet, high carbohydrate/fibre diet and a modified lipid diet.  Being recruited to the
study led to an improvement in glycaemic control (from 10.0±0.4 to 9.1±0.3 % HbA1c), which was
maintained throughout the study and a year after the intervention.  Improvements in total
cholesterol (reduction from 6.7±0.2 to 6.0±0.1 mmol/l) and LDL cholesterol were observed
following dietary intervention, after 3 months there were no significant differences in HDL
cholesterol between the diet groups.  The nutritional make-up of the diet had no effect on outcomes.
However none of the groups were able to reach recommended levels of either carbohydrate or
saturated fat intake.

Intensified dietary interventions

In the Cardiovascular Risk Reduction Trial (McCarron & Reusser 2000) patients with a prepared
meal plan were more likely to meet the nutritional intakes set for them than those using a self
selected diet.  However improvements in glycaemic control, lipid management, blood pressure
control and weight loss were associated with compliance with either diet rather than the prepared
meal plan itself.

Metz et al (1997) and McCarron et al (1997) present different analyses on a broadly selected
population who had at least one of  hypertension, dyslipidaemia or Type 2 diabetes.  Both dietary
interventions (a prepared meal plan and a self-selected exchange diet) led to small improvements in
glycaemic control, lipid management, blood pressure control and weight loss.  The results for those
with Type 2 diabetes alone as described by Pi-Sunyer et al (1999) indicate that for both diets there
was a reduction in weight and improvements in glycaemic control, cholesterol and HDL
cholesterol.

Haynes et al (1999) looked at more intensive dietary support across the whole sample and found
further improvement in lipid, glycaemic, blood pressure and weight control with the more
intensified delivery of dietary advice.  The subgroup analysis for diabetes was not presented, but it
was noted that the weight loss goal was not realised for people with Type 2 diabetes.  However,
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Metz et al (2000) showed that in people with Type 2 diabetes the prepared meal plan had a
significant effect on cholesterol, glucose and HbA1c when compared with the usual care self-
selected diet.

These findings for intensified dietary management are supported by Franz et al (1995), where
intensified care was more effective at reducing HbA1c than usual care, although most of this effect
was seen in those with who had had diabetes for at least 6 months.  At 6 months both intensive and
basic nutrition care were associated with modest reductions in fasting plasma glucose, HbA1c,
cholesterol, triglycerides, weight and body mass index (BMI).

Laitinen et al (1993) demonstrated that intensified dietary interventions delivered over a prolonged
period (12 months) can improve fasting blood glucose, HDL cholesterol and triglyceride levels.
Uusitupa et al (1993) showed that a year later on those who had intensified dietary interventions
were significantly more likely to be in good metabolic control than those who received usual care.
This was despite the fact that since the end of the intervention body weight, BMI, fasting blood
glucose, HbA1c, serum total cholesterol and triglycerides had all increased.

Levy et al (1998) showed that increases in plasma glucose in patients with Type 2 diabetes treated
with diet were associated with a progressive fall in pancreatic beta cell function, but not with
obesity or insulin sensitivity.  Failure of diet therapy to maintain glycaemic control was shown to be
more difficult in those with higher initial glucose levels, lower initial beta-cell function, lower age
and in obesity.

Other dietary modifications

Further dietary modification has had variable success.  The addition of dietary fibre has improved
glycaemic control and lipid management, whilst neither protein restriction nor Very Low Calorie
Diets have offered improved control glycaemic or otherwise.

Dietary fibre was assessed by Rodriguez-Moran et al (1998).  After 6 weeks of the addition of
dietary fibre to the diet there was a significant reduction in plasma glucose levels (by 2.8mmol/l)
and an improved lipid profile (lower total cholesterol, LDL cholesterol and triglycerides and higher
HDL cholesterol).

Protein restriction diets have been relatively ineffective, Pijls et al (2000) had a group of relatively
motivated patients, but adherence to the diet was found in less than half of the subjects and little
overall protein restriction was brought about.

The addition of an intermittent Very Low Calorie Diet to a Low Calorie diet has little effect.  Wing
et al (1994) examined the effectiveness of a year long weight control programme with and without
an intermittent Very Low Calorie Diet component.  In those that completed the year long
programme there was a significant improvement in weight, blood pressure, and glycaemic control.
The VLCD tended to loose more weight than the Low Calorie Diet  (LCD) group, but had higher
cholesterol levels at one year.  Attendance at the programme decreased dramatically over the year,
and this was not related to food cravings (Harvey et al 1993), but more likely to be due to inability
to lose weight.

Weight reduction

Four techniques for weight reduction were investigated by Manning et al (1995).  The
dexfenfluramine arm has been excluded from the current discussion (drug indication withdrawn).
All non-pharmacological interventions (individual dietary advice clinic sessions, behavioural
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therapy group and a mixture of clinic and home visits) showed a reduction in weight compared to a
control group, but this was small (1kg over the year).  The most consistent weight reduction was
achieved in those that completed the behavioural therapy group although this number was relatively
small.  None of the three interventions demonstrated an improvement in glycaemic control
compared with no intervention at one year.  Those in the behavioural therapy group or receiving the
mixture of home visits and clinic visits were less likely to need their medication changed than those
attending the clinic or receiving no intervention.

Summary

Dietary interventions based on energy intake (55-60% carbohydrate, 15-20% protein and 20-30%
fat) lead to a modest improvement glycaemic control and lipid management.  The addition of
dietary fibre has improved glycaemic control and lipid management, whilst neither protein
restriction nor Very Low Calorie Diets have offered improved blood glucose or other metabolic
control.

Compliance with either basic nutrition care, intensified nutrition support, or increased physical
activity were all associated with improved in glycaemic control and lipid profiles.  These
improvements are short lived and are not maintained following the discontinuation of the
intervention.

Exercise

Blonk (1994) investigated the addition of exercise training to a conventional diet and counselling
programme.  At 6 months of the 2-year programme the exercise group demonstrated significant
weight loss, reduction in HbA1c, and cholesterol.  These improvements were not maintained at the
end of the 2-year trial.  No effect on blood pressure was observed. In a shorter study (26 weeks)
Ligtenberg (1997) found no change in glycaemic control and small improvements in LDL
cholesterol and triglycerides at 6 weeks and in cholesterol at 12 weeks but these improvements were
not sustained at 26 weeks.

Heath et al (1991) demonstrated that in a community based exercise and weight control programme
participants showed evidence of weight loss, reduced fasting glucose values and a reduction in the
use of glucose lowering medication.  Enrolment in a weight loss competition was associated with
weight loss.

Vanninen et al (1992) demonstrated that a combined intensified intervention of exercise and diet led
to improved glycaemic control and cholesterol compared to the conventional approach.

Stevens et al (2001) demonstrated that weight loss in overweight adults was significantly better in
those who under went the intensive intervention.  This weight loss was associated with improved
blood pressure control.  Even so only 13% in the intervention group were able to loss >4.5 kg and
maintain this weight loss for the 3 year duration of the study.

Meta-analyses: weight loss
These findings are supported by the meta-analysis of Brown (1996), which examined strategies to
promote weight loss in Type 2 diabetes.  The strategies to promote weight loss examined included
behavioural therapies, exercise, diet, anorectic drugs, and surgery.

The literature search involved both published and unpublished data and after exclusion 89 studies were
included, involving 1800 subjects.  To be included studies had to involve the following: a sample of
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obese adults with Type 2 diabetes; a behavioural, dietary, exercise, anorectic drug, surgical, or
combined strategy to promote weight loss; a measure of weight loss as an outcome measure; the same
setting for both the treatment and control groups; an ex post facto, one group pre-test–post-test, quasi-
experimental, or experimental design; and data that permitted calculation of effect sizes.  Of the 89
included studies, 72% were a one-group pre-test–post-test design.

For studies using a pre-test–post-test design, effect size calculations were adapted so that pre-test group
means and post-test group means were substituted for control group means and experimental group
means, respectively.  To correct for overestimation of effect size where sample sizes were small, effect
size estimates were weighted with the inverse of effect size variance to adjust for differences in
precision of estimating population values in the original sample.  When experimental and control
groups differed by >2% on pre-test data, effect sizes were calculated from pre-test–post-test change
scores for each group.  Effect sizes were partitioned according to the major outcome measures such as
weight loss and HbA1c levels, and then calculated for each outcome under each specific strategy.
Homogeneity analyses were performed, one on each outcome by each intervention type.  By using this
procedure, outlier studies were removed one at a time until homogeneity was achieved, and then
weighted effect size estimates were calculated for each intervention.

The major finding was that, except for surgery, when compared with other strategies diet alone had the
largest statistically significant impact on weight loss (-20 lb) and metabolic control (-2.7 % in HbA1c).
The majority of studies investigated very low calorie diets (VLCDs), but all types of dietary strategies,
the American Diabetic Diet (ADA), reduced-calorie, VLCDs, and protein-sparing modified fast diets
produced larger weighted effect sizes than did any of the other non-dietary or combination strategies,
except for surgery.  The data suggest that when any other strategy is used or when any other strategy is
combined with a dietary strategy, effects on mean body weight are decreased when compared with diet
alone.  The author did not report the actual effect sizes for the outcomes of body weight and HbA1c,
providing instead figures for mean weight loss and HbA1c percentages for the different strategies.
Behavioural programmes alone and exercise alone produced the smallest changes in mean body
weight, -6.4 and -3.4 lb respectively, although the changes were statistically significant.  For HbA1c the
largest decreases were calculated for diet alone and for the combination strategy of behavioural therapy
plus diet and exercise.  It is interesting that the combination strategy produced a large statistically
significant effect on HbA1c levels, the main indicator of glycaemic control, yet was associated with a
small effect size estimate for mean body weight.  This is likely to reflect the effect of reduced
glycosuria, and thus reduced urinary calorie loss.

Whilst it is interesting that diet alone produced the greatest weight loss, it is questionable how useful
these findings are for those involved with the delivery of diabetes patient education since no details are
provided on the methods by which the diets were administered.  It seems unlikely that such strict diets
would be given to people with diabetes in isolation from any additional support, guidance, and
education.  Moreover, the findings of the meta-analysis primarily represent short-term effects.  Little
information was found on the stability of the outcomes beyond the first 6 months after the intervention,
so no conclusions can be made on the effectiveness of the strategies in producing long-term weight loss
and satisfactory glycaemic control.

Hooper et al (2000) in a meta-analysis examined the effect of reducing or modifying dietary fat
intake on total cardiovascular mortality and morbidity over 6 months. In only 2 of the 27 trials was
Type 2 diabetes specified. They concluded that a small reduction of cardiovascular risk was evident
0.76 (0.65-0.90) in trials with at least 2 years follow up.
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Smoking cessation

Half of all smokers die prematurely of a smoking-related ailment.  The decrease in life expectancy
for regular smokers under the age of 35 years who do not subsequently quit has been estimated to
be about 8 years.  Smoking is a major aetiological factor for lung cancer, cardiovascular disease and
peripheral vascular disease.  It also causes respiratory disease, such as chronic obstructive
pulmonary disease, including bronchitis and emphysema.

Stopping smoking has major health benefits.  Smokers who quit before the age of about 35 years
have a life expectancy only slightly less than those who have never smoked.  Even cessation in
middle age improves health and substantially reduces the excess risk of death.  Quitting at any age
provides both immediate and long-term health benefits.

In deciding which of the available therapies to use and in which order they should be prescribed,
practitioners should take into account:

• intervention and motivation to quit, and likelihood of compliance

• the availability of counselling or support

• previous usage of smoking cessation aids

• contraindications and potential for adverse effects

• person preferences of the smoker

(National Institute for Clinical Excellence 2002)
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5. Patient education
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Patient education section

In this section we have provided generic patient education recommendations and evidence
statements and some more detailed evidence statements relating to particular educational
approaches.  The evidence statements and recommendations overleaf are the generic messages
about patient education related to particular outcomes such as HbA1c and weight loss.
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Patient education

Recommendations

Patient education should be offered on an ongoing basis.  Different approaches should be tried
until the best methods for the patient are identified from the attainment of desired outcomes.  (A)

Evidence statements

Patient education

Ia Educational provision appears to be better than no provision.

Ia The type of educational intervention appears to be less important than its provision,
irrespective of outcomes desired.

Ia A meta-analysis found that found that knowledge, weight loss, HbA1c, and psychological
well being could be improved by educational interventions.

Ia The heterogeneity of the studies mean that is not possible to draw conclusions about
which professional groups are most effective in giving structured patient education.

Ia The heterogeneity of the studies mean that is not possible to draw conclusions about
which the recommended frequency of structured patient education.

Ia All of the following approaches have in studies been shown to have a beneficial impact of
different outcomes, but also have been shown in studies to have no impact on outcomes;
computer assisted learning; telephone delivered education; patient activation and
involvement; didactic teaching; individualised instruction; behaviour modification.

Ia Approaches that used a combination of more than one approach also have equivocal
results in terms of outcomes.

HbA1c

Ia It is unclear which specific educational approaches produces impact on HbA1c .

The results are equivocal at best.

Weight loss

Ia Different interventions can produce weight loss, they can also have no impact on weight.

Ia Beneficial effects diminish over time, irrespective of the intervention.

Knowledge and skills

Ia A variety of interventions in those studies which examined knowledge and skills in
diabetes have shown both improvements and no change.

Ia Any educational intervention is probably better than no intervention and studies have not
found a decrease in knowledge or skills with any intervention.
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Evidence: narrative

Patient education in diabetes is largely concerned with self-care behaviours that have the potential
to improve crucial aspects of diabetes management such as blood glucose levels, lipid levels, weight
and the prevention of complications.  Thus in many ways patient education is a critical aspect of the
process of care for people with diabetes.

The partnership based on information shared between patients and professionals is widely seen as
an essential element of the effective management of diabetes.  There is research that has shown
some positive effect of educational interventions upon blood glucose control and self care
behaviours, albeit effects that are reduced after time.  Patient education, particularly in terms of
knowledge, was more effective if it had a behavioural element rather than being didactic (Padgett et
al 1988), and if the target population was younger patients (Brown 1990).

Patient education in relation to the education of professionals, the implications for the organisation
of services, and the roles of multi-disciplinary professionals were not covered in this review.
Patient education for the prevention of Type 2 diabetes was also excluded as this review was
concerned with people already diagnosed with the condition.

We examined existing meta-analyses and reviews in the area and also at studies published since
then or unaccountably excluded from the synthesis papers.

Meta-analyses and systematic reviews

Four relevant meta-analyses and one review paper were identified (a fifth concerned with weight
loss is discussed in the lifestyle section of this guideline).  The authors of the meta-analyses were all
based in the USA, where most of the primary research has been conducted.  In general, effect sizes
within the meta-analyses were calculated according to the formula of Glass et al (1981), where an
effect size of 0.2 = a small effect, 0.5 = a medium effect and 0.8 = a large effect

In the 1988 meta-analysis by Brown, 60 studies, of which 47 had a control group (27) or pre-
test/post-test design (20) and outcome measures suitable for effect size calculation.  Sixty four per
cent of the studies were journal articles, half had been published since 1982 and half had less than
50 subjects.  Effect sizes, weighted by the study sample size and variance, were calculated for each
outcome where available.  Studies with outlying values were sequentially excluded until a pooled
mean effect size, with non-statistically significant heterogeneity, could be calculated.  Almost all of
the individual studies produced positive outcomes, albeit not necessarily significant in their own
right.  Studies with a control group tended to have lower effect sizes (0.40) than those with a before
and after design (0.53).  There was also variation in the effect size by outcome category: with
effects on knowledge (0.41 –0.91) greater than those on compliance (0.24 –1.01), skills (0.25 –0.38)
and metabolic effects (0.06 –0.84) in general.  A recurrent theme highlighted by these findings, is
that of large effects being observed in self-report measures such as diet but small effects in
objective measures such as weight.  In addition, weighting by sample size and variance (not carried
out by all meta-analysis authors) had the effect of producing more conservative results.

The overall conclusion was that education produces small benefits.  It would seem that no matter
what the educational intervention nor how precisely it is evaluated, a small to moderate effect can
be achieved, and not just in knowledge, although knowledge was the most frequently measured
variable.

Brown revisited the meta-analysis in 1990, using essentially the same methods as in her first study.
On this occasion 82 studies were identified, 26 (32%) were unpublished, 56 (68%) employed a
control group and 24 (29%) had a randomised design and analysis.  Mean duration of follow-up was
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27 weeks, mean number of subjects was 70 (50% had less than 40 subjects).  The education was
most often multidisciplinary, commonly involving dieticians and nurses, yet of the 10 studies
carried out by nurses, only two had been published in journals.  As before there had been an
upsurge of interest in the field with 69 (84%) of the studies reporting between 1981 – 1989.  Brown
assessed the quality of the study reports using a score based on the work of Sackett and Haynes
(1976).  The mean score was 11.5/21 (range 5–18).  The most frequent problems (which appear to
be recurrent themes throughout the meta-analyses and individual trials) were lack of a description of
the sampling strategy and sample and inadequate description of the intervention.  Outcome
measures tended to be poorly developed, unreliable and often unique to each study.  Knowledge
was frequently measured (in 66% of studies), as was glycaemic control, but other outcomes were
rarely assessed.

Interventions again produced a moderate to large effect on knowledge, a small effect on weight loss
but a bigger effect on self-reported diet.  There was a small to moderate effect on metabolic control,
particularly glycosylated haemoglobin as before, and a small effect on psychological measures,
which have been measured more frequently recently.  Older patients tended to exhibit smaller
effects for dietary knowledge, overall knowledge and cholesterol, but again caution must be
exercised in the weight given to any results, given the methodological quality of studies.  Brown
was unable to test for any interactions between features of the interventions and the study subjects,
that is to say whether some types of interventions are more effective with certain patient subgroups.

In a 1992 review, Brown tabulated weighted effect sizes for each outcome by study characteristics.
The negative association between increasing age and effect size was confirmed, and effect sizes
(and their standard deviations) tended to be larger in both unpublished studies and those with less
rigorous designs.  Interventions in the hospital setting tended to produce higher effect sizes for
knowledge and metabolic control and lower effects for weight loss and skill performance.  Longer
interventions produced greater learning (knowledge and skills) but less maintained weight loss.
Although follow-up in most studies was for less than 15 weeks, effect sizes for weight loss and
metabolic control still seemed to decay over time, while the reverse was true for knowledge and
skill.  These data may prove useful for hypothesis generation, however, the analysis was not
multivariate and variations in effect sizes could be explained by a number of confounding factors
such as the age of the subjects.  For example, effect sizes tended to be larger in younger subjects for
all outcomes except weight loss.  This is hardly surprising given that weight loss is a specific goal
for most patients with Type 2 but often unnecessary in Type 1 diabetes.  Furthermore, age may also
affect adherence, hence interventions and evaluations may need to be different when studying
distinct age groups.

Summary of effect size by category of outcome

Individual meta-analyses by Brown

Brown (1988) Brown (1990)

large effect knowledge
(0.41 – 0.91)

compliance
(0.57)

compliance
(0.24 – 1.01)

knowledge
(0.49)

Outcome skills
(0.25 –0.38)

HbA1c

(0.41)

metabolic effects
(0.06 –0.84)

psychological
(0.27)

small
effect

weight
(0.17)
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Padgett et al (1988) sought to estimate the overall effectiveness of educational and psychosocial
interventions for people with diabetes, and the relative effectiveness of different strategies.  They
found 1,300 articles of which, after abstract review, 110 seemed to meet the inclusion criteria
(sample of five or more subjects, comparison group, reported between 1976 –1986).  Studies were
scored out of 16 on methodological quality (mean 7.5, range 2–14) and outcomes were categorised
into four groups: physical, psychological, knowledge and compliance.  Interventions were divided
into eight categories: didactic or enhanced education, diet instruction, exercise instruction, blood
glucose self-monitoring instruction, behavioural (behaviour modification or social learning),
relaxation/biofeedback and counselling.

Effect sizes were calculated for 94 studies, of which 39 (14%) were randomised trials.  Sixty three
(67%) were set in outpatients.  45 (48%) included people with Type 1 diabetes, 25 (27%) Type 2
diabetes, 19 (20.2%) both and for five (5%) the information was not available.  The total number of
subjects was 7,451, the average per study 79 (range 5–859).  The mean age of subjects was 38 years
and 55% were female.

The overall, unweighted, mean effect size was 0.51 (95% confidence interval 0.40 –0.62).
Seventeen percent of the individual effect sizes were negative.  Apart from relaxation, mean effect
sizes (including all outcomes) were significantly elevated for all the intervention types, ranging
from 0.31 (exercise instruction) to 0.68 (diet instruction).  Taking each outcome category in turn,
few studies measured psychological outcomes and none achieved significance.  For physical
outcomes all intervention types bar three (didactic education, blood glucose self-monitoring
instruction and counselling) produced significant effect sizes.  For the knowledge outcome
significant effect sizes were produced by diet instruction and enhanced education and for the
compliance outcome enhanced education and blood glucose self-monitoring instruction produced
the significant effect sizes.

Effect sizes were correlated with setting (interventions in the home fared poorly), study quality
(weaker research produced larger effect sizes) and study duration (the longer the delay to outcome
measurement the smaller the effect size for HbA1c, weight loss and knowledge although for
psychological outcomes the effect size, when measured, remained fairly constant).

These findings again suggested that education was beneficial.  Dietary instruction produced the
largest effects and relaxation the weakest.  It seems that education that is informed by sound theory
(such as the behavioural enhancement in diet instruction, behavioural/social learning interventions
and enhanced education) produces better outcomes, but whether this is because of their theoretical
base, or because of other confounding issues, such as better funding, is unclear.
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Summary of effect size by outcome and category of intervention (from Padgett et al 1988)

Outcome

overall mean physical psychological knowledge compliance

large effect diet instruction
(0.68)

diet instruction
(0.62)

blood glucose
self-

monitoring
instruction

(0.84)

diet
instruction

(1.07)

diet
instruction

(1.10)

behavioural
(0.57)

behavioural
(0.60)

blood glucose
self-monitoring

instruction
(0.53)

didactic education
(0.60)

counselling
(0.61)

enhanced
education

(0.81)

behavioural
(0.57)

Category of
Intervention

didactic
education

(0.53)

blood glucose
self-monitoring

instruction
(0.50)

behavioural
(0.51)

behavioural
(0.77)

enhanced
education

(0.52)

enhanced
education (0.52)

relaxation/
biofeedback

(0.39)

counselling
(0.38)

enhanced
education

(0.36)

enhanced
education

(0.41)

didactic
education

(0.55)

blood
glucose

self-
monitoring
instruction

(0.49)

exercise
instruction

(0.31)

exercise
instruction

(0.31)

relaxation/
biofeedback

(0.23)

small effect relaxation/
biofeedback

(0.30)

counselling
(0.28)

relaxation/
biofeedback

(0.38)

relaxation/
biofeedback

(0.01)

didactic
education

(0.16)

One review paper was found that was appropriate for inclusion in this review, although it was
somewhat limited in terms of its search strategy.  Albano et al (1998) searched Medline for all
randomised controlled trials that had been conducted in this area from 1986 – 1996.  The search
strategy was restricted in that only one database and three search terms were used: diabetes, patient
education, and randomised.  A total of 37 randomised controlled trials were found and analysed.
The authors only provided a narrative overview of their main findings.
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Most of the articles (39%) were concerned with one or two problems related to diabetes
management such as metabolic control or weight loss.  Fewer (19%) aimed at evaluating
educational outcomes, and 42% of the studies focused on more specific aspects of diabetes care
such as amputation.  Generally, authors offered poor descriptions of the theoretical framework of
their studies, usually only making statements to justify their research, such as a need to reorganise
diabetes care.  The review also found no references to educational theories or justifications for the
teaching methods used.  Most of the studies indicate who carried out the educational programmes,
51% stating that a multi-professional team delivered them.  Some studies failed to mention the
setting in which the interventions took place (28%), with the remaining 72% providing very brief
descriptions, mentioning only that the programme was delivered in a hospital or a clinic for
example.  There was little information on the content of the educational programmes.

The reviewers found that knowledge was the most frequently used outcome measure with clinical
outcomes such as HbA1c, blood pressure, and weight collected by the majority of the authors.
Sixty-seven percent of the studies provided evidence of improvements mainly in weight reduction,
glycaemic control, self-regulation skills, fat intake, knowledge, and compliance, with 33% showing
no differences mainly in glycaemic control and weight.

Overview of meta-analyses and systematic review

The meta-analyses have lumped together studies with very different subjects, interventions and
outcomes, pooling results on the basis of similar effect sizes.  Rather than investigate and interpret
the heterogeneity, authors have tended to remove outliers until the heterogeneity disappears.  The
effect of education has been compared for different categories of interventions and outcomes,
although the categorising process has not always been transparent and has not been consistent
across the meta-analyses, perhaps accounting for some of the variation in the conclusions.  The
threat of publication bias has remained.  As a consequence, interpreting whether the variation in
measured effects, between individual trials or meta-analyses, is a consequence of particular features
of the subjects, the intervention or the trial methodology is problematic.  Possible associations and
explanations may well be confounded.  Nevertheless, there is considerable agreement that all forms
of education produce small to moderate effects across all outcomes in the short term, but
particularly for knowledge, self-reported diet, compliance and HbA1c.  In fact very few studies
produced a negative outcome.  However, the categorisation of interventions and outcomes has not
always been transparent and is not consistent across the meta-analyses.  Effects were larger for
enhanced education, that is to say education that eschews the didactic style and embraces
alternative, for example behavioural approaches, the most long-standing and obvious example being
dietary instruction.  Effect sizes tended to be larger for prolonged interventions, assessed with self-
report measures, in poor quality studies, including younger subjects, with abbreviated follow-up.
Interventions for patients aimed at altering patient–provider communication appear to improve
emotional and physiological outcomes in the short term and may enhance the impact of diabetes
education. There is one further reservation concerning the application of these findings to people
with diabetes in this country, namely that most of the work has been carried out in the USA.  There
are important differences in culture, social structure and health care delivery for chronic diseases
such as diabetes, that may introduce factors that confound identified associations and threaten
generalisability of the results to Europe.  Padgett et al (1988) demonstrated that factors such as the
setting for the intervention do seem to influence the effect of education and these may vary between
countries.
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Individual studies

The following outcome measures were used to assess the effectiveness of interventions:

• measures of metabolic control were examined such as fasting serum glucose levels, random
plasma glucose levels, HbA1c, and urine, sugar and cholesterol levels

• objective measures of patient knowledge and awareness of appropriate self-care and lifestyle
behaviours

• objective measures of patient skill performance (eg assessment of insulin injection, urine
testing)

• measures of patient compliance with other aspects of self-care (eg self-reported dietary
compliance)

• measures of psychological outcome such as anxiety levels and coping with the disease

• reduction in admission to hospital for complications of diabetes

• reduction in surgery and death from the complications of diabetes.

The studies we identified for this review were categorised according to type of educational
approach.  The key findings from these groups are discussed below (further details of individual
studies are presented in the evidence tables). The process of categorisation was problematic as
many studies failed to provide an adequate description of the teaching method used to deliver the
educational intervention. As a result of the considerable heterogeneity of the studies in terms of
content, frequency of intervention, setting, educators, study size, length of follow-up, and outcomes,
it remained extremely difficult to make firm judgements on the effectiveness of interventions.
Because of the lack of any uniformity in the characteristics of the studies it was deemed
inappropriate to undertake statistical pooling of results for a meta-analysis.

With a few exceptions the studies in this review were of poor quality, with a substantial proportion
failing to provide sufficient details on important aspects of study design.  For example, 24 studies
(39%) failed to provide details on the setting in which the intervention took place, nine (14%) did
not state the number of subjects completing the trial, 49 (79%) did not provide any rationale for the
educational approach taken in terms of underlying theoretical principle, and 16 (26%) studies failed
to give details on the individual delivering the education.  The studies were also generally
characterised by small sample size and short follow-up periods.  In only 11 (17%) studies did the
follow-up period exceed 1 year; this is worrying considering that most studies evaluated the
effectiveness of interventions by assessing outcomes dependent on behaviour change such as weight
reduction.

Because of the problems discussed, a qualitative overview provides the main form of analysis in
this review on patient education in Type 2 diabetes.

Behaviour modification approach

This approach tends to encompass a broad range of behavioural strategies to promote weight
reduction and improved metabolic control such as; identifying the behaviour to be changed, goal-
setting, problem-solving, procedures for modifying environmental cues, and reinforcers that control
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behaviour.  Behavioural modification approaches are generally multi-faceted, with diet and exercise
forming key components of the programme.

From the seventeen studies included, it appears that a behaviour modification approach can have a
positive effect in the area of weight reduction, with eleven studies reporting positive results.  A
behaviour modification approach appears to be less effective in producing improvements in
glycaemic control.  Five studies reported positive results for improvements in HbA1c levels and
three for fasting blood glucose levels, although this particular outcome was used less frequently as a
measure of effectiveness.

Combination of teaching methods

Fifteen studies were included that used a combination of teaching methods to deliver patient
education.  These methods included combinations of: group education, individual education,
individual counselling, videotapes, patient empowerment strategies, peer support, biofeedback
relaxation training, and others.  In eight studies there were more than two arms to the trial. Of the 15
studies, seven reported positive results in relation to weight reduction, and of these two had follow-
up periods exceeding a year.  Seven studies reported positive results for HbA1c levels and four for
fasting blood glucose levels.  Improvements in knowledge levels were reported in seven studies.

Didactic based approaches

This particular teaching method is less participatory and interactive, with the patient taking a
relatively passive role in the learning process.  In relation to diabetes patient education the approach
is based on the assumption that it increases patient knowledge, that knowledge gain leads to positive
behaviour change, and this in turn produces an improvement in health outcomes.  Eleven studies
were included.  A didactic approach appears to produce modest improvement in the main outcome
variables such as weight, HbA1c, lipids, and knowledge.  Four studies reported positive results for
weight reduction, with one of these having a follow-up period of over 1 year (Uusitupa et al 1993).
In terms of glycaemic control, three studies reported positive outcomes in HbA1c levels and five for
fasting blood glucose levels.  Four studies reported positive results for knowledge gain and Heller et
al (1988) reported a significant association between knowledge score and weight loss (p<0.01).
Two studies used quality of life as an outcome measure but non-statistically significant effects were
found.

Computer assisted learning

Whilst the computer packages themselves can take a slightly different format the approach is fairly
similar, generally involving individual instruction, and testing of patients’ knowledge and
understanding by means of a computer-based learning package.  The five studies included suggest
that computer-based learning can have a positive impact on knowledge, but there is no evidence to
suggest that it can be beneficial for weight reduction and glycaemic control.

Telephone delivered education

This approach generally involves telephone follow-up by a health professional to people with
diabetes in an attempt to promote healthy behaviour and compliance with treatment, and also to
provide an opportunity for patients to discuss any problems or queries they may have regarding
their condition.  There is no evidence that telephone delivered diabetes education has a positive
effect in the areas of weight reduction, lipid levels, or smoking cessation.  There is very limited
evidence to suggest that that this type of approach can have a positive impact on glycaemic control,
with one study reporting positive results (Weinberger et al 1995).  Telephone delivered education
might also have some effect on self-care behaviour with one study reporting significant
improvements (Tu et al 1993) although inferences need to be treated with caution as the results
were based entirely on patients’ self-reported behaviour.
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Patient activation/involvement approach

This approach can take a number of forms and use a variety of strategies, but the general aim is to
encourage patients to become more active and involved in their care, particularly in relation to
medical decision-making.  Only three studies were included, therefore obviously any inferences
need to be treated with caution.  There is no evidence to suggest that patient activation has a
positive effect on weight reduction, lipid levels, fasting blood glucose, dietary intake, or physical
activity.  Two studies reported positive outcomes in HbA1c levels.  However in one of these (Rost et
al 1991) the significant effect demonstrated in the treatment group was not significantly different to
that shown in the control group.  One study reported a positive effect in achieving knowledge gain.
Two studies reported positive effects for improvement in quality of life, although in one of these
(Rost et al 1991) the effect was in relation to physical functioning only, with no positive effect for
psychological functioning.

Individualised instruction/learning

The six included studies took two formats; individualised instruction by a health professional in a
health care or home setting, or the completion of individual learning packages by people with
diabetes.  There is little evidence from these studies to suggest that individualised
instruction/learning has a positive effect in the following areas; HbA1c, lipid levels, blood pressure,
skills and complications of diabetes.  It is difficult to draw firm conclusions in the area of weight
reduction but the evidence does suggest that this approach has limited benefits.

Group management approach

This approach promotes patient interaction within a group setting in order to help patients change
their dietary and exercise habits, which subsequently should lead to improved diabetic control.  In
the single study the groups were run by a clinical psychologist who encouraged participants to
interact with each other, and to assess their own and their peers’ progress towards managing their
diabetes by sharing ideas, advice, and support with one another.

On the basis of one study with only 32 subjects and a relatively short follow-period it is impossible
to draw any conclusions on the effectiveness of this particular type of intervention.  The only
outcome measure in which the treatment group demonstrated a greater improvement than the
control was serum glucose.  For HbA1c and knowledge there were significant improvements in both
groups, and there were non-statistically significant improvements seen in weight in either group.

Skills demonstration

In this single study, the educational session was delivered by a diabetes nurse specialist to a group
of people with Type 1 and Type 2 diabetes.  Subjects’ accuracy at self-monitoring was evaluated
immediately after the instruction and demonstration.  Post-intervention the treatment group showed
greater improvement in the accuracy of blood glucose estimates than the control group.  The study
seems to suggest that this approach is effective in improving patient skills in blood glucose self-
monitoring.  However, inferences should be made very cautiously due to the study’s small size and
short follow-up period.

Patient centred approaches

A study by Kinmonth et al (1998) also showed that training in patient centred care, mainly with
nurses, can significantly improve communication, wellbeing and satisfaction among patients with
newly diagnosed diabetes, without loss of glycaemic control.
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Conclusions: patient education

The evidence from both the meta-analyses and this current systematic review suggests that
educational interventions are at least partially effective, regardless of variation in the nature of the
interventions, outcome measures, and the quality of the study methodology.  In this review, from a
total of 62 individual studies only six reported non-statistically significant effects, a negative effect,
or non-statistically significant difference between treatment and control groups on any outcome
measure.  In these six studies there was no particular approach that dominated (x2 behaviour
modification, x2 combination, x1 didactic, x1 telephone).  This finding supports the conclusions
made by Brown (1988, 1990, 1992) and Padgett et al 1988; that no matter what the educational
intervention, a small to moderate effect can be achieved.  Since there is a tendency for journal
editors to publish those studies reporting positive results it would be prudent to maintain a degree of
caution when interpreting such findings.

Because of this high degree of heterogeneity it is not possible to draw conclusions on which
professional groups are most effective in giving structured patient education.

There was a tremendous amount of diversity in how often educational interventions were delivered
and as a result there are no clear messages regarding the recommended frequency of structured
patient education.

Generally, the studies had relatively short follow-up periods, with 21 studies (34%) having follow-
up periods of less than 6 months, 29 (47%) of between 6 months to 1 year, 11 (17%) of over 1 year,
and one study (2%) failing to state the length of follow-up.  Within the group of studies with
follow-up periods exceeding 1 year the average length of follow-up was 23 months (range 14–60
months).  The study that followed subjects for 5 years (Hanefeld et al 1991) reported non-
statistically significant effects for weight loss, dietary intake, and cholesterol levels.  The paucity of
good quality long-term studies in this area makes it impossible to draw conclusions about the long-
term effectiveness of patient educational interventions.  There was wide variation in the size of the
study samples, with the mean number of subjects completing a trial being 115 (range 19–1008).
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6. Pharmacological interventions for
the management of blood glucose
in Type 2 diabetes
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Therapy evidence

Several of the oral glucose-lowering therapies for use in people with Type 2 diabetes have been
available for 2-4 decades.  This has a number of  consequences for undertaking an evidence-based
review of these therapies.

Firstly, newer therapies are associated with a much larger evidence base, particularly in regard of
quantity of randomized controlled trials.  This is due for the most part to the current requirements
for licensing new products. Thus new therapies must undergo pre-licensing trials, and many of these
become available in the research literature, though some may not.

Secondly, while the older therapies may have been subject to study, the research methods used have
tended to be clinical observational studies rather than RCTs (which were undertaken infrequently
before 20 years ago), or have been RCTs which fare badly when considered in terms of the quality
criteria used in current systematic reviewing.

Conversely some of the very new therapies are still in the process of being evaluated by trials, and
thus some of the data required to make a complete evidence-based judgement for clinical practice
are not yet available. This is particularly true for long term outcome data, which may take 7-10 yr
from licensing to acquire, even if it can be commercially justified. In some instances data has been
made available to licensing authorities, but is held as commercial in confidence pending full
publication.

Making evidence-based decisions on the data from the newer therapies thus also requires some
understanding of the clinical experience which comes from using established therapies and from
pathophysiological understandings of the mode of  action of the different classes of drug.

Overall, then, the evidence to support the use of the longer-standing therapies may be less strong
and the recommendation gradings therefore also conventionally less strong.  The recommendation
grading strengths under these conditions do not always reflect the clinical usefulness of the drug(s)
in question.
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General therapy issues

Recommendations

Concordance with therapy should be discussed with people with diabetes and monitored
where the level of glucose control is problematic.  (D)

Glucose-lowering therapies should be prescribed on a trial basis and the patient’s responses
should be monitored using HbA1c measurement (DCCT-aligned).  (D)

When glucose control deteriorates to unsatisfactory levels on current therapy, another
therapy should normally be added, rather than substituted.  (B)

Evidence statements

III Concordance with therapy is problematic with all glucose-lowering therapies.

Ib In the UKPDS, all therapies were used in the context of continuing lifestyle intervention.

Ib In the UKPDS, a combination of therapies often proved necessary to maintain blood
glucose control.

Evidence: narrative

Concordance

Concordance is concerned with the extent to which an individual’s behaviour, in terms of lifestyle
practices and medication taking, coincides with medical or health advice.  Recognising the
changing nature of interaction between health care professionals and patients and the increasing
emphasis on partnership and shared decision making, concordance is now the preferred term rather
than either compliance or adherence.  There is relatively little evidence about concordance with
therapy in people with Type 2 diabetes.  Much of the available literature is concerned with self-
report questionnaires.  Most of the published work undertaken in the UK has been for insulin
therapy in Type 1 diabetes, with a substantial amount of work undertaken as part of the Diabetes
Audit and Research in Tayside Scotland (DARTS) programme.  Morris et al (1997) investigated the
relationships between prescribed insulin doses and amounts dispensed from pharmacies for young
adults with Type 1 diabetes.  Eighty nine patients were included (mean age 16 yr, mean duration of
diabetes of 8 yr, mean HbA1c of 8.4 %).  Outcomes included episodes of diabetic ketoacidosis,
hospital admissions and the association between adherence and HbA1c.  The authors found that
failure to take insulin was common, occurring in at least 28 % of patients.  There was a direct
association between failure to take insulin, poor glycaemic control and hospital admission for
diabetic ketoacidosis and acute complications related to diabetes.  They also found an age-
dependent association with patients aged 10-20 yr having a lower adherence index and worse
glycaemic control.  Adherence improved on reaching adult age, and had been good before puberty.
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In a review (non-systematic) by McNabb (1997) some of the issues in regard of concordance were
discussed.  He argues that literature in the field of diabetes has shown that as a group, people with
diabetes are largely non-adherent, giving the example of one study which found only 7 % were
deemed to be fully adherent.  Adherence to insulin regimens has been shown to vary, the examples
given are between 20 and 80 %.  He also argues that dietary adherence has been shown to average
65 % whilst adherence to exercise programmes varied from 19 to 30 %.  He argues, however, that
the lack of a clearly defined set of self-care behaviours that comprise the diabetes regimen together
with the lack of  reliable, valid measures of adherence make the interpretation of study results very
difficult.

Multiple therapies

UKPDS (49) suggested that 3 yr after diagnosis approximately half of all diet failing patients will
require more than one glucose-lowering drug, and that by 9 yr this increases to 75 % of patients
requiring multiple therapy to achieve HbA1c levels averaging  7·0 %.
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Metformin

Recommendations

In people who are overweight (body mass index over 25.0 kg/m²)and whose blood glucose in
inadequately controlled using lifestyle interventions alone, metformin should normally be used
as the first-line glucose-lowering therapy.  (A)

Metformin should be considered as an option for first line or combination therapy for people
who are not overweight.  (A)

Metformin is contraindicated in those with renal impairment (serum creatinine >130 µmol/l)
and those at risk of sudden deterioration of renal function.  (C)

Evidence statements

Ia Metformin lowers blood glucose in people with diabetes.

Ia Metformin is comparable in blood glucose lowering terms to sulphonylureas.

Ia Improved blood glucose control with metformin is not associated with weight gain, unlike
other glucose lowering therapies.

Ib In the overweight people in the UKPDS, metformin had relative risk reductions
(compared to lifestyle therapy alone) of

♦ 32 % for any diabetes related endpoint
♦ 42 % for diabetes related death
♦ 36 % for all cause mortality

Ia Gastrointestinal intolerance to metformin is common when initiating therapy.

Ib A stepped approach to dose incrementation over several weeks will often allow metformin
to be taken without significant continuing adverse effects.

III Lactic acidosis is a rare but then often fatal complication of metformin therapy.  It is
associated with renal impairment (chronic or acute).  It is not known whether lactic
acidosis is more common in people on metformin with normal renal function who then
suffer a catastrophic failure of tissue perfusion (eg cardiogenic shock).

Evidence: narrative

Metformin is a relatively long-standing therapy.  However because of the requirement of recent US
licensing several recent studies and meta-analyses have been conducted,  providing, together with
the UKPDS, the evidence base in this section.
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Johansen (1999) carried out a meta-analysis looking at the efficacy of metformin.  This reviewed
whether metformin or sulphonylureas should be the choice of first line therapy in people with Type
2 diabetes where diet alone had failed.  The analysis covered the years 1957 to 1996.  The
sulphonylureas included in the meta-analysis were glibenclamide (6 studies), gliclazide (2 studies),
tolbutamide (1 study) and glipizide (1 study).  However the total number of people involved in the
19 included trials (nine metformin compared to placebo and ten looking at sulphonylureas
compared to metformin) is not given.  The weighted mean difference between metformin and
placebo was a fall in blood glucose of 2.0 mmol/l, and for HbA1c a fall of 0.9 %.  Sulphonylureas
and metformin lowered blood glucose and HbA1c equally.  Weighted mean difference in terms of
body weight was significant, due to a 1.7 kg increase with sulphonylurea therapy and a decrease of
1.2 kg on metformin therapy.  This finding on body weight  led Johansen to argue that as metformin
and sulphonylureas lower blood glucose and HbA1c to the same extent, metformin has an advantage
over sulphonylureas as obesity is often a problem in people with Type 2 diabetes.

Campbell et al (1995) undertook a meta-analysis which looked at the experience of using metformin
in managing Type 2 diabetes, and in particular whether metformin was comparable to
sulphonylureas as a first-line therapy.  This meta-analysis included data from over 650 individuals
in 11 studies world-wide (date range 1957-1994).  The sulphonylureas included were glibenclamide
(6 studies), gliclazide (2 studies), tolbutamide (1 study) and glipizide (1 study). They considered as
primary outcomes fasting blood glucose, postprandial blood glucose and glycated haemoglobin
(HbA1c).  The analysis found a similar pattern of reduction in fasting plasma glucose and
postprandial plasma glucose and a fall of 1.2 % Hb (which represents a 12.5 % from baseline) in
both groups for glycated haemoglobin.  This was accompanied by a weight loss of 5 % in those
receiving metformin.  In conclusion they argue that metformin is an efficacious as sulphonylureas.
Additionally they argue that the lack of weight gain associated with metformin, as most individuals
with Type 2 diabetes are overweight, suggests that metformin may be more beneficial in the
management of Type 2 diabetes.

Melchior et al (1996) systematically reviewed the comparative efficacy of metformin,
sulphonylureas and insulin in managing Type 2 diabetes.  Seven studies were included, from the
period 1966 – 1994, and comprised a total of 5474 people.  Their conclusion was that metformin
should be considered a first line therapy particularly for obese or hyperlipidaemic individuals.  They
also argue that it is useful in people with poorly controlled postprandial hyperglycaemia as its
postprandial effect is more that that of the sulphonylureas.  However sulphonylureas or insulin are
more effective for managing individuals with poorly controlled fasting hyperglycaemia.  Weight
loss is observed with metformin, whilst weight gain is associated with insulin use.

In the UKPDS, the effect of intensive blood glucose control with metformin in overweight people
was investigated (UKPDS 34).  Of the 4075 patients recruited to the UKPDS, 1704 overweight
patients (>120% ideal bodyweight) had raised fasting plasma glucose (fasting plasma glucose 6.1 –
15.0 mmol/l) without hyperglycaemic symptoms after 3 months initial diet.  Seven hundred and
fifty three were included in a randomised controlled trial of conventional policy (primarily diet
alone, n=411) versus intensive blood glucose control with metformin (n=342).  Patients assigned
intensive blood glucose control with metformin had risk reductions of

♦ 32 (95% CI 13-47) % for any diabetes related endpoint (p=0.002)
♦ 42 (95% CI 9-63) % for diabetes related death (p=0.017)
♦ 36 (95% CI 9-55) % for all cause mortality (p=0.011)

compared to those receiving conventional therapy. The UKPDS also reported that in overweight
patients with Type 2 diabetes, metformin did not induce weight gain and was associated with fewer
hypoglycaemic attacks than sulphonylurea or insulin therapy.  The UKPDS argued that on balance
metformin appeared to be an advantageous first line therapy in diet treated overweight patients with
Type 2 diabetes (UKPDS 34).
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Dose regimens

Garber et al (1997) looked at the impact on HbA1c and fasting plasma glucose with different
dosages of metformin.  They concluded that metformin lowered HbA1c and fasting plasma glucose
in a dose related manner, up to 2000 mg per day.

Metformin compared with other agents

The UKPDS contained a secondary analysis comparing overweight patients allocated to metformin
(n=342) to 951 overweight patients allocated intensive blood glucose control with chlorpropamide
(n=265), glibenclamide (n=277) or insulin (n=409).  Metformin showed a greater effect than
chlorpropamide, glibenclamide or insulin for any diabetes related endpoint (p=0.003), all cause
mortality (p=0.021) and stroke (p=0.032).

Hermann et al (1994) compared metformin with glibenclamide and also with a combination therapy
of metformin+glibenclamide.  The study also used different dose levels for the therapies, this
proceeded in steps to a maximum of 3 g metformin + 14 mg glibenclamide for the combination
therapy.  The study was concerned with the impact of the different interventions on reaching either
an fasting blood glucose target of ≤6.7 mmol/l (considered good control) or a fasting blood glucose
target of ≤7.8 mmol/l (considered acceptable control).  Almost 70 % of patients reached the target
of good control and 80 % reached the target of acceptable control after 2-12 weeks treatment.  The
success rate (considered the achievement of targets) was higher with the combination of metformin
+ glibenclamide.  A comparison between groups at different dose levels showed a higher success
rate with low-dose (actual dosage not stated) combination than with monotherapy.  For the fasting
blood glucose target level of ≤7.8 mmol/l this difference (70 % vs. 51 % achieving target) was
statistically significant (95% CI: 3-36%, p=0.032), for the fasting blood glucose target of ≤6.7
mmol/l the difference (61 % vs. 45 %) was not statistically significant (95% CI: 0-33 %, p=0.084).

Moses et al (1999) compared metformin+repaglinide, with metformin+placebo and
repaglinide+placebo.  They found that the metformin+repaglinide combination produced a greater
fall in HbA1c compared with the other two regimens.   Combination of repaglinide also resulted in a
greater proportion of individuals (59 %) defined as having ‘good’ glycaemic control (HbA1c <7.1
%), compared with the other regimens (metformin alone 20 %, repaglinide 22 %).  Fasting plasma
glucose levels for the combination were also statistically significantly lower.

Horton et al (2000) compared nateglinide (120 mg) with metformin (500 mg), nateglinide (120 mg)
+ metformin (500 mg) or placebo.  At study endpoint, HbA1c was reduced from baseline for
nateglinide (-0.5 %) and metformin (-0.8 %).  Combination therapy also showed reduction in HbA1c

from baseline (-1.4 %).  A similar pattern was observed in terms of fasting plasma glucose, with a
fall from baseline for nateglinide (-0.7 mmol/l), metformin (-1.6 mmol/l) and combination therapy
(-2.4 mmol/l).  The adjusted mean changes from baseline for HbA1c and fasting plasma glucose was
statistically significant with nateglinide and metformin monotherapy compared with placebo.  The
difference in fasting plasma glucose between nateglinide and metformin was statistically significant
(0.9 mmol/l, p<0.001).  For HbA1c although the decrease was greater with metformin the between
group difference was small (0.3 %, p<0.01).  With combination therapy, decreases in HbA1c were
even more marked, with statistically significant between group differences.

Lactic acidosis

A review by Chan et al (1999) looked at the issue of metformin-associated lactic acidosis.  They
reported that in the UK during the period July 1963 to November 1997, a total of 31 cases of
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metformin associated lactic acidosis (MALA) were reported to the Committee on Safety of
Medicines, of which 19 cases were fatal.  Only two cases were reported by UK Medicines Control
Agency in 1996.  Similarly low rates have been reported elsewhere.  Since the introduction of
metformin in the United States in May 1995 and up to June 1996, the US Food and Drug
Administration had registered 47 cases of MALA.  The paper also reports that it is estimated that 1
million Americans are currently taking metformin, and the reported rate of confirmed lactic acidosis
is about 5 cases per 100 000.  The paper also discusses several cases in detail (to investigate other
reasons for the development of lactic acidosis) and also discussed the associated factors in the
development of metformin-associated lactic acidosis.  Overall, they concluded that metformin-
associated lactic acidosis, is a serious but very rare clinical condition (in the order of 3 cases per
100 000 patient-yr) and that the low prevalence of metformin-associated lactic acidosis is
comparable to the prevalence of sulphonylurea induced severe hypoglycaemia.

Aguilar et al (1992) conducted a study that investigated the incidence and risk factors associated
with biguanide related lactic acidosis.  The study represented 1466 patient-yr of biguanide therapy.
In this study no cases of lactic acidosis were reported.



66 National Clinical Guidelines for Type 2 Diabetes

Insulin secretagogues

Insulin secretagogues include the sulphonylureas and the rapid-acting insulin secretagogues
(nateglinide and repaglinide).

Recommendations

Insulin secretagogues should be used in combination with metformin in overweight or obese
people when glucose control becomes unsatisfactory.  (A)

Insulin secretagogues should be considered as an option for first line therapy when:

metformin is not tolerated or is contraindicated  (A)

people are not overweight.  (A)

A generic sulphonylurea drug should normally be the insulin secretagogue of choice.  (B)

Long-acting once daily sulphonylureas may be useful where concordance with therapy is a
suspected problem.  (B)

Rapid-acting insulin secretagogues may have a role in attaining tight glucose control in
patients with non-routine daily patterns.  (B)

Clinicians, and those using an insulin secretagogue, should be aware of the risk of
hypoglycaemia and be alert to it.  (A)

Evidence statements

Ia Insulin secretagogues reduce blood glucose levels cost effectively in people with diabetes.

Ib The different insulin secretagogues appear to have comparable glucose lowering effects.

Ib In the UKPDS, insulin secretagogues were among the glucose lowering therapies which,
considered together, reduced vascular complications compared to lifestyle interventions
alone.

II Glibenclamide (glyburide) has been associated with higher levels of hypoglycaemia in
comparison with other insulin secretagogues, and high rates of life threatening
hypoglycaemia in population surveillance studies.

Introduction

Sulphonylureas and so-called prandial glucose regulators are all members of a group of drugs which
act to close the potassium channel of the islet B-cell, and thus promote membrane depolarisation,
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Ca++ influx, and insulin granule release into the extracellular medium.  Chemically the difference
between the two so-called prandial glucose regulators is as great as that between either of them and
the sulphonylureas.  The essential difference is pharmacokinetic, but sulphonylureas which are
rapid-acting in the same way have been tested in the past.  The pharmacokinetic differences within
the sulphonylurea group are at least as great as between some shorter-acting sulphonylureas and the
so-called prandial glucose regulators.  Clinicians use these drugs as alternatives and not as separate
classes - it would make no sense to use them in combination.  Because they all promote insulin
secretion all are given pre-prandially for ideal effect.  The major differences that arise (apart from
the pharmacokinetic consequences) are the cost issues of the newer agents (which would be true for
a new sulphonylurea), limited licensing indications (as new drugs tested in limited ranges of RCTs
this is current licensing practice), and marketing positioning by the pharmaceutical companies.

Evidence: narrative

Very little evidence is available for this class of therapy for many of the more long-standing drugs
(eg tolbutamide).  Similarly there is as yet a relative paucity of evidence about the newer drugs such
as repaglinide and nateglinide.  Much of the evidence in for the newer drugs is in comparison with
placebo rather than in head to head trials.

This section is concerned with insulin secretagogues: sulphonylureas (both long- and short-acting)
and rapid-acting insulin secretagogues.  The studies are presented under the heading of the primary
drug being investigated, although it should be noted that results for other categories of drugs may be
presented by the study and hence in that section.

Sulphonylureas

Harrower (1985) compared chlorpropamide (100-500 mg/day), glipizide (2.5-20 mg/day),
gliquidone (30-120 mg/day), gliclazide (20-320 mg/day) and glibenclamide (2.5-30 mg/day) in a
total of just 112 patients.  Gliclazide produced normal HbA1c levels in a significantly greater
number of patients than chlorpropamide and gliquidone, and  glibenclamide was significantly better
than chlorpropamide.  Significant improvements in HbA1c were produced overall in the gliquidone,
gliclazide and glibenclamide groups, and gliquidone and gliclazide groups were significantly better
than the glipizide group.

Testa & Simonson (1998) randomised people with Type 2 diabetes (n=569) to diet and placebo or
diet and glipizide (glipizide gastrointestinal therapeutic system [controlled release] 5 mg increasing
to 20 mg if necessary) for 12-week study periods.  Glipizide significantly decreased fasting plasma
glucose and HbA1c compared to the placebo group.  This improvement in glycaemic control was
associated with substantial short term symptomatic, QoL and health economic benefits.

Draeger et al (1996) found no statistically significant changes from baseline to end of study in the
HbA1c between those receiving glibenclamide or glimepiride.  For fasting blood glucose, those
receiving glibenclamide had a lower levels at the end of the study, but the authors argue that this
has no clinical relevance and could be related to bias through prior exposure of the patients to
glibenclamide.  Similar numbers of adverse incidents were reported for both groups, with if
anything a slightly lower percentage with  glimepiride.

Dills et al (1996) compared the effect of glimepiride and glyburide (glibenclamide).  There were no
statistically significant differences between treatment groups in any measure including HbA1c,

fasting serum insulin, and C-peptide.



68 National Clinical Guidelines for Type 2 Diabetes

Campbell (1998) undertook a systematic review looking at efficacy and safety of glimepiride.
Eight studies involving people with Type 2 diabetes were included, giving a total of 3643
individuals.  Outcome measures were fasting plasma glucose, postprandial glucose, HbA1c,

C-peptide, fasting insulin concentrations, and exogenous insulin requirement.  The conclusions of
the Campbell review were that:

♦ glimepiride lowers fasting plasma glucose and HbA1c significantly more than placebo
♦ it is possible to maintain relatively long-term control of blood glucose control, but with

evidence of slow deterioration over time
♦ glimepiride was as effective as second-generation sulphonylureas, but there were detectable

differences between treatment groups
♦ glimepiride had a more rapid onset of action than glyburide during initial dose titration, it

was less likely to increase fasting insulin and C-peptide or to cause symptomatic
hypoglycaemia

and that results from two studies suggested that:

♦ glimepiride may augment the response to exogenous insulin through its extrapancreatic effects.

The latter effect would be expected of any effective insulin secretagogue (due to reductions in
glucose toxicity), and has been described for other sulphonylureas.  Reservations about the quality
of this systematic review, in particular the scope of databases and language restrictions, have been
expressed.

Rapid-acting insulin secretagogues

Goldberg et al (1998) found that HbA1c levels declined in those who were administered repaglinide
compared to placebo, on a regimen that involved increasing dosage until targets or maximum dose
were achieved.  Overall the decline in both HbA1c and fasting plasma glucose levels were
statistically significant.  Similarly statistically significant differences were found with postprandial
blood glucose, and serum insulin and C-peptide responses, with those receiving repaglinide
achieving better results for all these measures.  There were no (statistically significant) differences
in lipids levels.

Hanefeld et al (2000) reported that administration of nateglinide (different dose levels between 30
and 180 mg) before meals consistently decreased all parameters of glycaemic control such as
mealtime glycaemia, fasting plasma glucose, fructosamine and HbA1c.  At study endpoint, reduction
of  HbA1c levels was statistically significantly greater with doses of 60, 120, 180 mg nateglinide
than placebo (-0.5, -0.6, -0.6 % respectively).  The mean level of fasting plasma glucose was
reduced (at level of statistical significance) versus placebo in the nateglinide 120 mg group only (-
1.1 mmol/l).

The discussion of Horton et al already discussed in the metformin section is repeated here because
of its inclusion of nateglinide.  Horton et al (2000) compared nateglinide (120 mg) with metformin
(500 mg), nateglinide (120 mg) + metformin (500 mg) or placebo.  At study endpoint, HbA1c was
reduced from baseline for nateglinide (-0.5 %) and metformin (-0.8 %).  Combination therapy also
showed reduction in HbA1c from baseline (-1.4 %).  A similar pattern was observed in terms of
fasting plasma glucose, with a fall from baseline for nateglinide (-0.7 mmol/l), metformin (-1.6
mmol/l) and combination therapy (-2.4 mmol/l).  The adjusted mean changes from baseline for
HbA1c and fasting plasma glucose was statistically significant with nateglinide and metformin
monotherapy compared with placebo.  The difference in fasting plasma glucose between nateglinide
and metformin was statistically significant (0.9 mmol/l, p<0.001).  For HbA1c although the decrease
was greater with metformin the between group difference was small (0.3 %, p<0.01).  With
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combination therapy, decreases in HbA1c were even more marked, with statistically significant
between group differences.

Rapid-acting insulin secretagogues compared with sulphonylureas

Landgraf et al (1999) compared repaglinide with glibenclamide.  They found no statistically
significant differences between the two groups for HbA1c, mean blood glucose, mean blood glucose
relative to fasting blood glucose, or fasting blood glucose.  Similarly no significant differences were
found between the groups in terms of serum C-peptide, insulin or proinsulin.  In terms of serum
lipids, HDL-cholesterol was higher in those receiving repaglinide at the end of the study, although
other lipids measures showed no between group changes.

Marbury et al (1999) found no significant between differences in people with Type 2 diabetes
between those randomized to repaglinide or glyburide (glibenclamide).  This was also true for
fasting plasma glucose, and for fasting insulin and lipids.  The only statistically significant
difference was for serum C-peptide, higher on repaglinide.

Wolfenbuttal et al (1999) compared repaglinide with glyburide (glibenclamide), at varying dosages
depending on prior treatments. In this study they found  no between group significant differences in
HbA1c.  For those who had been on diet only before starting either repaglinide or glyburide, there
was a statistically significantly larger decrease in HbA1c with glyburide.  There was no difference in
those who had been on oral glucose-lowering drugs prior to the study.

Dose regimens: sulphonylureas

Sonnenberg et al (1997) found that in terms of glimepiride, both twice and once daily regimens
proved equally effective in reducing concentrations of fasting, post-breakfast, post-lunch and post-
dinner plasma glucose levels.  In terms of the 24-h mean, the twice daily regimen showed a slightly
greater decrease [mean change of 5.0 mmol/l for twice daily regimen compared to mean change of
4.4 mmol/l for once daily regimen, (p=0.018)].  There were no changes in serum insulin or C-
peptide concentrations (fasting or 24-h average) between regimens.

Rosenstock et al (1996) investigated the efficacy and safety of two daily doses of glimepiride (8 mg
or 16 mg) each as a once daily dose (8 mg once daily or 16 mg once daily) or two divided doses (4
mg twice daily or 8 mg twice daily), compared to placebo.  Median fasting plasma glucose values
were similar for the five groups at baseline (12.4 –13.0 mmol/l).  In the placebo group fasting
plasma glucose values increased at each observation point.  In contrast each glimepiride regimen
decreased fasting plasma glucose by 2.7-4.2 mmol/l at each observation point (p≤0.001), yielding
endpoint fasting plasma glucose values between 8.8 and 9.8 mmol/l.  At baseline, median HbA1c

values were similar for four groups (7.7-8.0 %) and higher for the 8 mg glimepiride twice daily
group compared to placebo (8.1 % vs. 7.7 %, p=0.046).  In the placebo group, HbA1c increased
progressively between baseline and each observation point, to 9.7 % at endpoint.  In contrast each
glimepiride regimen decreased HbA1c by 0.1-0.8 % at each observation point (p≤0.001), yielding
endpoint HbA1c values between 7.4 and 7.6 %.  The median reduction in fasting plasma glucose
from baseline to endpoint was 0.6 mmol/l greater if glimepiride was given a two equally divided
doses instead of a single daily dose (p=0.047).  The median reductions in fasting plasma glucose
from baseline to endpoint were equivalent when glimepiride was given as 8 or 16 mg daily.  Total
daily dose per se did not affect HbA1c, only at 16 mg/day was twice daily dosing associated with a
0.3 % greater decrease in median HbA1c.
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Addition of exercise

Massi-Benedetti et al (1996) looked at the impact of exercise added to an insulin secretagogue,
either glimepiride or glibenclamide (both long acting sulphonylureas).  For blood glucose, with both
drugs those who exercised had better results, (-1.7 mmol/l, 95% CI: -2.6 to -0.9 mmol/l for
glimepiride and -1.5 mmol/l, 95% CI: -2.4 to -0.6 mmol/l for glibenclamide), the difference
between drugs was not significant.  For serum insulin concentrations, those on glimepiride who
exercised had lower levels (exercise minus no exercise, mean change -59.4 pmol/l, 95% CI: -87.0 to
-31.7 pmol/l, p=0.000).  For glibenclamide there was no significant difference with or without
exercise (exercise minus no exercise, mean change -16.8 pmol/l, 95% CI: -44.4 to –10.9 pmol/l,
NS).  Serum C-peptide was significantly lower with exercise than without exercise under
glimepiride treatment (exercise minus no exercise, mean change: -0.31 nmol/l, 95% CI: -0.47 to
0.16 nmol/l, p=0.000).  For glibenclamide there was no significant difference (exercise minus no
exercise, mean change: -0.01 nmol/l, 95% CI: 0.17 to 0.14 nmol/l, NS).  There was a difference
between the two drugs (glimepiride exercise minus glibenclamide exercise, mean value: -0.16
nmol/l, 95% CI: -0.31 to –0.01 nmol/l, p=0.033).

Sulphonylurea failure

Harrower & Wong (1990) compared gliclazide, glibenclamide and glipizide in 248 patients.
Dosages used were not reported.  Follow-up was 5 years.  They reported total secondary failures for
gliclazide at 7 %, glibenclamide 17.9 % and glipizide 25.6 %.  The number of failures with
gliclazide was significantly less than with glipizide (p<0.005), but no other significant differences
were found.



Blood glucose management 71

PPAR-γ agonists (including the thiazolidinediones)

The currently available PPAR-γ agonists are the thiazolidinediones (commonly referred to as
glitazones) pioglitazone and rosiglitazone.

Recommendations

People should be offered a thiazolidinediones as oral combination therapy if

they are unable to take metformin and insulin secretagogues as combination therapy  (A),  or

the HbA1c remains unsatisfactory despite adequate trial of metformin with insulin
secretagogues.  (A)

The licensed thiazolidinediones are contraindicated in combination therapy with insulin.  (A)

Evidence statements

Ia PPAR-γ agonists improve blood glucose control as both monotherapy and combination
therapy with metformin or sulphonylureas.

Ia PPAR-γ agonists can improve serum HDL cholesterol and triglyceride concentrations
(with differences in extent of changes between  drugs and drug combinations).

Ib There are no studies yet reported to confirm show whether PPAR-γ agonists reduce
microvascular or macrovascular complications, or how they will perform in this respect
against metformin or insulin secretagogues.

Ib There is currently no ascertainable evidence concerning the safety and efficacy of
PPAR-γ agonist therapy in combination with insulin treatment.

Ia PPAR-γ agonists result in weight gain, some of which is due to fluid retention.

Ia After starting PPAR-γ agonists, there may be a delay of 6-10 weeks before their full effect
is seen.

Evidence: narrative

The PPAR-γ agonists (peroxisome proliferator-activated receptor gamma agonists) include the
chemical subgroup of the thiazolidinediones (often called the glitazones), which include
rosiglitazone and pioglitazone.  Both rosiglitazone and pioglitazone have been the subject of NICE
appraisals.  The health technology assessment reports undertaken for these appraisals have been
used as the primary evidence-base for these therapies.  The full NICE guidance documents have
also been used.



72 National Clinical Guidelines for Type 2 Diabetes

Both these agents are relatively new with the resultant limited but rapidly expanding use.  At the
current time the neither the Committee for the Safety for Medicines nor the US Food and Drug
Administration have expressed concern over reported liver failure problems similar to those
associated with the earlier glitazone, troglitazone (now withdrawn and hence not reviewed here).

Both rosiglitazone and pioglitazone are licensed as follows:

for use in oral combination treatment of Type 2 diabetes mellitus in patients with insufficient
glycaemic control despite maximal tolerated dose of oral monotherapy with either metformin
or a sulphonylurea;

♦ in combination with metformin only in obese patients

♦ in combination with a sulphonylurea only in patients who show intolerance to metformin
or for whom metformin is contraindicated

For both rosiglitazone and pioglitazone, it is currently recommended by the manufacturer that
patients should have liver function tests prior to initiation of treatment, every two months for the
first year, and periodically thereafter.

Studies included in appraisals

The rosiglitazone appraisal was based on RCTs (published and unpublished) that were regarded as
of very high methodological quality.  Two studies related to use in combination with metformin,
and three with  sulphonylureas.  One trial was of monotherapy, but as this is not a licensed
indication the report did not include results from that study.  Safety data was available from two
other randomised studies and from cumulative data on the incidence of adverse events in the
clinical trials and in open label extension studies.

The pioglitazone NICE appraisal had 15 studies that met inclusion criteria but only five for which
full reports available.  Nine of the studies dealt with pioglitazone alone or in combination with a
strict anti-diabetes diet.  The remaining studies dealt with pioglitazone in combination with
metformin, insulin or sulphonylurea.

Limited evidence relating to the clinical effectiveness of pioglitazone is available in the public
domain.  There are no full study reports published in English which have gone through the peer-
review process.

Characteristics of study populations

For the rosiglitazone studies, the average age of the people studied was around 60 yr. The majority
of patients (around 60-70 %) were male. Ethnicity varied between the studies, with less than 5 % of
patients in the two European studies and around 20-30 % of patients in the US studies from non-
white ethnic groups.  The study populations differed according to prior therapy, mean duration of
diabetes and mean baseline blood glucose levels.  Two studies included only patients who had had
prior oral monotherapy or combination therapy.  Two other studies included patients with prior oral
monotherapy and combination therapy, but also included a small number of patients (around 5 %)
who had not previously taken oral glucose-lowering drugs.  Another study included a much higher
proportion of people (around 40 %) who had only had lifestyle advice before.

In terms of the pioglitazone evidence review, limited information about the study populations was
available.  Where information was available it suggested that there were no significant differences
at baseline, the HTA report says: “where figures are available, they suggest that there were no
significant difference between different treatment groups.”  (p.30).
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Clinical effectiveness

For people with poorly controlled Type 2 diabetes, rosiglitazone is effective at reducing blood
glucose levels over 6 months when added to oral monotherapy, and pioglitazone at doses of 15 mg
or 30 mg daily has been shown to be clinically effective at reducing blood glucose and HbA1c when
used in combination with metformin (compared with metformin alone), and in combination with
sulphonylurea (compared with sulphonylurea alone).

For the rosiglitazone/metformin combination compared with those randomized to metformin alone,
the weighted mean difference in HbA1c was a decrease of 0.8 (95% CI 0.6-1.1) %.  At 16 weeks, for
30 mg pioglitazone and metformin combination, the mean difference in HbA1c was a decrease of
0.8 (CI –1.2 to –0.5) %, compared to metformin alone.

For the rosiglitazone/sulphonylurea combination compared with those randomized to sulphonylurea
alone, the weighted mean difference in HbA1c was a decrease of  1.1 (0.9-1.3) % for 4 mg/day.  At
16 weeks, for 30 mg pioglitazone and sulphonylurea combination, the mean difference in HbA1c

was a decrease of 1.3 (CI –1.6 to –1.0) % compared to pioglitazone and sulphonylurea combination.

For rosiglitazone/metformin compared to metformin alone,  HDL cholesterol was higher at 6
months (weighted mean difference 0.13 (CI 0.08 to 0.18) mmol/l).  For pioglitazone/metformin
compared to metformin alone, there were higher levels of HDL cholesterol at 16 weeks, a mean
difference of 0.13 (95% CI 0.08 to 0.17) mmol/l.  For pioglitazone/sulphonylurea compared to
sulphonylurea alone, there were higher levels of HDL cholesterol at 16 weeks, a mean difference of
0.08 (0.03 to 0.13) mmol/l.

For rosiglitazone/metformin compared to metformin alone: LDL cholesterol was higher at 6 months
(weighted mean difference 0.31 (CI 0.16 to 0.45) mmol/l).  For rosiglitazone/sulphonylurea
compared to sulphonylurea alone, LDL cholesterol was higher at 6 months (weighted mean
difference 0.2 (CI 0.07 to 0.34) mmol/l).

There were no significant changes in total cholesterol and LDL cholesterol levels in patients treated
with pioglitazone in combination therapy compared to those receiving monotherapy (metformin or
sulphonylurea).

For rosiglitazone/metformin compared to metformin alone, diastolic blood pressure at 6 months was
lower, though this reduction was not statistically significant after adjusting for baseline differences
between the groups.

Pioglitazone was associated with significant initial weight gain of up to 5.5 % of baseline body
weight when used in combination therapy.  Rosiglitazone studies was also reported higher body
weight at 6 months for those receiving rosiglitazone/sulphonylurea compared to sulphonylurea
alone.

There is no direct evidence that adding either rosiglitazone or pioglitazone to oral monotherapies
will reduce the incidence of diabetic complications, and hence mortality or quality of life adjusted
mortality.  However, the results of the UKPDS trial confirm that improved glycaemic control does
reduce the incidence of longer-term complications in people with Type 2 diabetes. Thus, it is likely
that, by lowering blood glucose levels, rosiglitazone or pioglitazone combination therapy for
patients who fail to meet glycaemic targets on oral monotherapy will reduce the risk of diabetic
complications. Evidence from the clinical trial programme shows that rosiglitazone or pioglitazone
combination therapy has various effects on other cardiovascular risk factors.

NICE guidance is that, “Pioglitazone and rosiglitazone may be considered as alternatives.”
(NICE 2001, 1.7)
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Working group commentary

There are several licensing issues with respect to both rosiglitazone and pioglitazone that have
consequences both for the evidence review and consideration in the manner of their use in therapy.
Neither product is currently licensed for either monotherapy or triple therapy, only for combination
(two agents) therapy.  As a consequence of the product licences, the NICE appraisal process was
not able to consider their use in terms of triple- or mono-therapy.  Neither was the appraisal process
able to consider their use in conjunction with insulin.

NICE guidance suggests that when someone is already on combination therapy is prescribed a
glitazone, one of the other agents should be stopped.  The withdrawal of this agent, coupled with the
slow onset of effectiveness of the glitazone can result in a temporary but marked deterioration in
blood glucose control.  Thus both clinicians and patients must be aware of the initial deterioration
that usually accompanies this type of therapy change.

NICE guidance states that both rosiglitazone and pioglitazone should be used in accordance with
the manufacturers’ recommendations, which presently advise that liver function tests should be
performed before initiation of therapy and then every two months, for the first twelve months after
commencement of treatment, and periodically thereafter.  The Working group noted that given the
lack of reported problems from the US for either drug despite much wider prescription (estimated at
over 2 million people treated) than for troglitazone, such monitoring does not appear to be cost-
effective.
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Alpha-glucosidase inhibitors

Recommendations

Acarbose may be considered as an alternative glucose-lowering therapy in people unable to
use other oral drugs.  (A)

Evidence statements

Ia Acarbose lowers blood glucose in people with Type 2 diabetes as a single agent or in
combination therapy.

Ia Acarbose has a high incidence of gastro intestinal side effects.

Ia The UKPDS found that at the end of 3 years less than half of patients allocated to
acarbose were still taking the therapy (39%) compared to placebo (58%, p<0.0001).

Evidence: narrative

Campbell et al (1996) undertook a systematic review to consider the role of acarbose in the
management of diabetes.  Trials until 1995 were reviewed.  Five trials were included in the analysis,
with a total number of patients of 1083.  They concluded that with acarbose postprandial glucose
levels were lowered, as were serum insulin and triglycerides concentrations.  They argued that
acarbose was a reasonable choice as monotherapy or adjunct therapy in patients with poorly
controlled Type 2 diabetes, given its efficacy and relatively mild adverse effects (flatulence,
abdominal pain, diarrhoea).

Lindstrom et al (2000) compared acarbose with placebo.  They found that at the end of the study
(24 wk), acarbose had lowered HbA1c levels (p=0.002) and that mean blood glucose was also lower
(significant at the 5 % level) and that both 1-h and 2-h postprandial glucose were both significantly
lower with acarbose (both p<0.001). They reported that 50% of 107 patients reported an adverse
effect, mainly mild to moderate gastrointestinal effects which occurred in acarbose group mainly in
first four weeks of treatment, and there were 3 drop outs in the placebo group and 7 in the acarbose
group due to adverse effects.

Scorpiglione et al (1999) found that mean HbA1c levels were lower throughout the study with
acarbose compared to placebo, although not statistically significantly so.  Acarbose produced a
reduction in postprandial blood glucose, significant at the 5 % level.  A reduction in fasting blood
glucose concentration was also found with acarbose, but again not significantly so.  They reported
that 41% of patients assigned to acarbose and 15% of patients assigned to the control group
experienced adverse effects, largely gastrointestinal.  They also reported that 45/124 patients did not
take acarbose for the whole study period.

Scott et al (1999) found that at the end of a 16-wk study, HbA1c in those receiving acarbose rather
than placebo had fallen by a small but statistically significant amount of 0.1 % (p=0.003).  Fasting
glucose level had risen in the placebo group but fallen in the acarbose group (p=0.000), while
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postprandial glucose concentration rose in the placebo group but fell in the acarbose group
(p<0.000).  Fasting triglycerides fell in the acarbose group, again significant at the 5 % level.  Non-
significant between group findings for postprandial insulin, postprandial proinsulin and postprandial
triglyceride concentration were reported.  Both acarbose and placebo groups were reported as
having mild to moderate gastro-intestinal symptoms (96% vs 94%).

Chan et al (1998) found that those receiving acarbose had a significant change in mean HbA1c
(p=0.003) compared to the placebo group.  Similarly acarbose produced falls in fasting and
postprandial blood glucose levels (p=0.017 and p=0.050 respectively).  In this study flatulence was
reported in 52% of acarbose vs 37% of placebo treated patients (p =  0.09), with any adverse event
reported in 64% of acarbose vs 44% of placebo (p =  0.023) and 6 dropouts in the placebo group
compared to 11 in the acarbose group.

Fischer et al (1998) reported mean HbA1c levels for those receiving acarbose in different doses, or
placebo.  Those receiving acarbose had lower mean HbA1c levels than placebo, with higher doses
producing greater  effects.  Similar findings are reported for mean blood glucose although the dose
relationship was not linear.  It is suggested that the overall impact of acarbose was statistically
significant although details of p values are not given.

Holman et al (1999, UKPDS 44) found that patients from the UKPDS study were randomised to
acarbose or placebo for 3 years.  At the end of 3 years a lower proportion of patients were taking
acarbose as compared to placebo (39 vs. 58%, p<0.0001).  This was related primarily to the
increased proportion of patients reporting flatulence (30 vs. 12%, p<0.00001) and diarrhoea (16 vs.
8%, p<0.0001).  Those patients allocated to acarbose had significantly lower HbA1c at 3 years
compared to the placebo group.  This improvement was irrespective of concomitant therapy for
diabetes.

Kelley et al (1998) found a statistically significant (p=0.0001) mean reduction of HbA1c of 0.7 %
in those receiving acarbose compared to placebo.  Fasting glucose level showed a reduction which
was not statistically significant.  Postprandial glucose was also lowered at 60, 90 and 120 min after
a standardised meal, reported as a significant difference.  Postprandial triglyceride levels also were
more favourable with acarbose than placebo (p=0.013).  Flatulence was reported in 71% of
acarbose group vs 26% of placebo group.

Rosenstock et al (1998) in a double blind placebo trial found that acarbose improved overall blood
glucose control (a fall in HbA1c of 0·6 % compared with fall on placebo 0·08 %).  This study also
reported a higher level of adverse events in the acarbose group, these being mainly gastrointestinal.
Of the patients taking placebo 3 (4%) discontinued from the study because of adverse events
compared with 10 (12%) taking acarbose.

Wolever et al (1998) looked at the effect of carbohydrate intake on the impact of acarbose on
HbA1c.  Their conclusion was that there was no significant relationship between carbohydrate intake
and change in HbA1c.  Neither did there appear to be a relationship between carbohydrate intake and
gastrointestinal side effects.  This led them to conclude that no special diet was required for
acarbose to be effective in improving glycaemic control.

Another paper by Wolever et al (1997) considered the impact of acarbose on both body weight and
food intake.  At 12 months they found that acarbose had produced a greater weight loss than
placebo but also that acarbose had no significant effect on dietary pattern.
Other placebo controlled studies (Coniff et al 1995, Josse 1995, Wilson-Rodger et al 1995) also
reported significant reductions in HbA1c compared to placebo, and again reported that the
predominant nature of adverse events was gastrointestinal problems.  These varied in severity and
in some papers were reported as decreasing over time.
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Kovacevic et al (1997) compared acarbose with glibenclamide and with placebo.  In terms of
HbA1c, both acarbose and glibenclamide showed statistically significant improvements  compared
with placebo, but between active drug differences were not statistically significant.  Similarly
Hoffman et al (1994) found acarbose and glibenclamide showed statistically significant
improvements HbA1c, but again the two drugs the differences were not statistically significant.
These findings were echoed in the second Essen study by Hoffman & Spengler (1997) which
showed that in terms of HbA1c, acarbose achieved better results than placebo (statistically
significant), as did metformin.

Working group commentary

Whilst there were very few trials that considered acarbose in a head to head manner with other
glucose-lowering drugs, there was still sufficient evidence from the reviews and placebo trials, as
well as clinical experience, for the group to consider the issue of intolerance to these agents.  Most
of the studies reported considerable degrees of intolerance and adverse events, in particular gastro-
intestinal problems, sometimes of a severe nature, often leading to higher rates of discontinuation
with acarbose therapy.

Thus the group considered that in the light of the adverse events reported, and the higher cost
without evidence of any greater efficacy (and thus poorer cost-effectiveness), acarbose was
probably only appropriate for those who could not tolerate other oral glucose-lowering therapies.
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Insulins

Recommendations

Insulin therapy should be offered to people with diabetes inadequately controlled on Insulin
therapy should be offered to people with diabetes with inadequate blood glucose  control on
optimised oral glucose-lowering drugs.  (A)

Local experience, patient preference and relative costs should inform the choice of insulin
type and regimen as there is little research evidence in this area.  (D)  (D)

Clinicians and people using insulin should be aware of hypoglycaemia and be alert to it.  (A)

When transferring a person from a combination of metformin and another oral agent to
insulin therapy, continue with metformin.  (B)

When transferring a person from a combination of sulphonylurea plus another oral agent
(metformin not tolerated or contraindicated) to insulin therapy, continue the sulphonylurea.  (B)

Evidence statements

Ib Insulin therapy lowers blood glucose in people with Type 2 diabetes.

Ib In the UKPDS, insulin was among the glucose lowering therapies, which, considered
together, reduced vascular complications compared to lifestyle interventions alone.

Ib Insulin therapy is associated with a risk of hypoglycaemia greater than any insulin
secretagogues.

IV There is no direct evidence to support the use/choice of any one insulin type or regimen
over another.

IV Insulin therapy, and in particular when using the newer insulins, is expensive relative to
oral glucose-lowering therapies.

Ia For people on insulin therapy, glucose control is improved and body weight and risk of
hypoglycaemia reduced when metformin is used in combination.

Ia For people on insulin therapy, the evidence that blood glucose control is improved when
sulphonylureas are taken concomitantly is not conclusive.
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Evidence: narrative

Many of the older insulins have much less published evidence available that satisfy review
inclusion criteria than the newer insulins.  Thus the literature review can appear to favour the newer
insulins at the expense of the older.  There is also a much more limited literature addressing insulin
regimens in Type 2 diabetes compared to Type 1 diabetes.  Some observations in this area are given
below in the section on Working group considerations.

Insulin therapy is a necessary part of management in many if not most people with Type 2 diabetes
who survive the disease for 5-15 yr.  Most kinds of insulin have been suggested as having a role in
the management of at least some of these people, although the rationale for using rapid-acting
insulin analogues (insulin aspart and insulin lispro) is not as well developed (in terms of the
evidence base) as for other insulin types.

Meal-time insulins (unmodified insulins and rapid-acting insulins)

Davey et al (1997) undertook a meta-analysis that investigated the clinical outcomes of using
insulin lispro compared to human regular insulin.  Findings were presented for all patients, for those
with Type 1 diabetes and for those with Type 2 diabetes.  In total 2361 patients were included.
When considering people with Type 2 diabetes, significantly more had a decrease in postprandial
glucose levels to ≤8.0 mmol/l (p<0.001).  Statistically significant differences in the weighted mean
differences were seen in the 1-h glucose excursion (p<0.05) and 2-h glucose excursion (p<0.02) but
not in 1- and 2-h postprandial blood glucose levels.  However, the difference in 2-h postprandial
blood glucose levels approached statistical significance (p= 0.05–0.10).  No differences between
insulins were seen in the weighted mean differences for HbA1c, fasting blood glucose level, and
hypoglycaemia (hypoglycaemic episodes were expressed as the number of episodes adjusted for a
30 day period [rate]).  Their overall conclusion was that the analysis found significant differences in
favour of insulin lispro.  The gain in postprandial glycaemic control is argued as being of clinical
significance, giving  the increasing indirect evidence supporting the role of postprandial
hyperglycaemia in development of complications (see above under ‘Measurement’).

Campbell et al (1996) considered the role of insulin lispro in the treatment of diabetes in a
systematic review.  The review considered the relative efficacy and safety of insulin lispro
compared to the safety and efficacy of regular human insulin.  This review considered both Type 1
and Type 2 diabetes and reported on 14 studies (assumed although not explicitly stated).  The
number of people with Type 2 diabetes individuals included was 758.  The primary outcomes
considered (of interest to us) were postprandial glucose concentrations and maxima, HbA1c levels,
and fasting blood glucose concentration.  The study periods  were from 14 days to 1 year.  Details
of comparability of baseline characteristics were not stated.  Overall, the review concluded that
insulin lispro was more effective than regular human insulin in improving postprandial glucose
control.  Injection (subcutaneous) of insulin lispro led to decreased blood glucose peaks following
meals and also a reduced risk in hypoglycaemic episodes, because of its shorter duration of activity
relative to regular human insulin.  The review also concluded that insulin lispro provided equal or
slightly better overall blood glucose control, though little evidence was included to justify the any
improvement.  The increased flexibility associated with insulin lispro was also thought important in
improving overall patient quality of life, but again there appeared to be little evidence to support
this conclusion.

These findings were echoed in trials in people with Type 2 diabetes (Anderson et al 1997a) and
both Type 1 and Type 2 diabetes (Anderson et al 1997a) undertaken subsequent to the meta-
analysis and review census dates.
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Insulin aspart

No reviews or studies of insulin aspart in people with Type 2 diabetes were available at the time the
searches were performed.

Extended acting insulins

The mostly commonly used extended-acting insulin preparations in use currently are NPH insulin,
first introduced in the 1940s, and the insulin-zinc suspensions, especially lente insulin, first
introduced in the early 1950s.  Use of these insulins in people with Type 2 diabetes is almost wholly
governed by long-standing clinical experience, and some studies performed in people with Type 1
diabetes.  The relatively recent introduction and now almost universal use of pen-injector devices,
with which lente insulins are not compatible, has led to NPH dominating the extended-acting
insulin market.  No useful clinical trials were identified, except for those in which newer extended-
acting insulins (insulin glargine) were compared to NPH insulin as the current clinical standard.

Insulin glargine

Insulin glargine (development name HOE 901) is a human insulin analogue produced by
recombinant DNA technology using E coli.  Its amino acid substitutions result in delayed
absorption from the injection site.  It has no peak effect but shows a constant concentration-effect
versus time profile which lasts approximately 16-30 hours.  Administration is advised as a single
daily subcutaneous injection.  Insulin glargine is expected to reach the UK market towards the end
of 2002.  During 2002 it is the subject of a NICE appraisal for people with both Type 1 and Type 2
diabetes, and accordingly is not further discussed here.

Insulin mixtures (using unmodified insulins and rapid-acting insulins in
combination with NPH insulin)

Biphasic insulin preparations, more commonly known as pre-mixes, have been available for over 2
decades as combinations of unmodified insulin with NPH insulin in different ratios.  They are very
widely used in particular in people with Type 2 diabetes, but this use is dependent on long-standing
clinical experience.

More recently biphasic preparations of insulin lispro and insulin aspart have appeared on the
market, again using NPH insulin as the extended-acting component in a variety of ratios.  At the
time of literature search published large scale clinical trials of these insulins were not available, but
are known to have been performed for licensing and marketing purposes.

Roach et al (199b) found that humalog mix25 given twice daily resulted in lower postprandial blood
glucose concentrations after the morning and evening meals.  These differences were observed
despite the shorter reported time interval between the injection and the meal during treatment with
insulin lispro mixtures.  Blood glucose concentrations were not different between the treatments at
any other times.

Insulin in combination with oral agents

Two meta-analyses have been reviewed in the field of insulin in combination with sulphonylureas.
Johnson et al (1996) found 16 studies that met their inclusion criteria.  The sulphonylureas included
in the trials were glibenclamide (glyburide) in 15  studies, and tolazamide in one study.  Outcomes
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included body weight, fasting serum/plasma glucose and HbA1c.  The meta-analysis found that for
those receiving insulin plus an oral agent, there was a statistically significant fall in fasting glucose
(from 11.7±0.7 to 9.3±0.6 mmol/l, a fall of 2.5±0.4 mmol/l, p<0.01) and a fall in HbA1c (from
11.2±0.4 to 10.1±0.4 %, a fall of 1.1±0.2 %, p<0.025).  There appeared to be weight gain  (1.4±0.7
kg), but this was not statistically significant.  For those receiving insulin plus placebo there was also
a small but statistically significant fall in HbA1c (fall of 0.3±0.3 %, p<0.05).

The meta-analysis by Pugh et al (1992) found that combination insulin and sulphonylurea therapy
gave a modest but  statistically significant improvement in glycaemic control.  They also recognised
that many of the trials were of short duration, but argued that those of longer duration, two out of
three trials suggested favourable responses.  They concluded that the available data suggests that
combination therapy may be most beneficial in obese patients with Type 2 diabetes who still have
residual insulin secretory capacity.

Yki-Jarvinen et al (1999) compared four regimens: Regimen A. NPH insulin at bedtime plus 10.5
mg glyburide (glibenclamide) daily and placebo; Regimen B. NPH insulin at bedtime plus
metformin 2000 mg daily and placebo; Regimen C. NPH insulin at bedtime plus 10.5 mg
micronized glyburide daily and metformin 2000 mg daily; Regimen D. NPH insulin at bedtime plus
a second dose of insulin in the morning.  They found that those on insulin + metformin in regimen
B used greater doses of insulin (statistically significant).  In terms of glycaemic control all regimens
showed improvement (indicated by decrease in HbA1c) over the study, but the improvement in
regimen B was greater than in the other groups (p<0.01).  At 12 months those on insulin +
metformin (Regimen B) had not gained weight compared to start of study, a difference that was
statistically significant compared to the weight gain in the other groups.  This regimen (B) was also
associated with statistically fewer hypoglycaemia events (p<0.05).

Bastyr et al (1996)  compared three regimens: regimen A. insulin lispro + sulphonylurea (generic
glibenclamide/glyburide);  regimen B. insulin lispro + NPH insulin at night; regimen C.
sulphonylurea twice daily + NPH insulin at night.  They found that in terms of HbA1c compared to
baseline, the greatest change was with lispro +sulphonylurea (Regimen A), a difference statistically
significant and greater than the significant difference also found with NPH+sulphonylurea
(Regimen C).  Compared to baseline all treatment groups showed significant increases in body
weight and BMI.

Working group commentary
Despite the lack of an evidence-base to support current practice, the Group recognised that usual
insulin therapy both for people with Type 2 diabetes starting and continuing insulin now utilised
human species insulin rather than beef or pork insulin.  However the purified forms of these latter
species of insulin are appropriate options for clinical and patient choice.  On the basis of the above
evidence there is as yet no reason to recommend the general use of rapid-acting analogues in people
with Type 2 diabetes, though this does not preclude their having significance advantage in some
individuals with problems on human insulin.

The Group also noted that choice of insulin preparations (use of meal-time short-acting insulin, or
twice daily mixtures of short-acting and one of the intermediate-acting insulins (NPH insulin or
insulin zinc suspensions, or the use of different ratios of insulin pre-mixes) was largely unsupported
by any evidence base.  Accordingly choice of insulin regimen also at present remains a matter of
patient and clinician choice.  However new recommendations may or may not arise from the NICE
appraisal of insulin glargine in 2002.

Means of administration of insulin are also diverse.  In the absence of direct evidence of advantage
in people with Type 2 diabetes, expensive options such as insulin pumps cannot be recommended.
The widespread use of insulin pen-injectors rather than syringes does appear to confirm a useful
patient preference for such devices, but again there is not a useful body of evidence on which to
base a formal recommendation.
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Anti-obesity drugs

Recommendations

Orlistat when used in accordance with NICE guidance may be considered as part of a weight-
loss strategy for people with Type 2 diabetes.  (A)

The relevant NICE guidance is as follows:

Orlistat should be available as one part of the management of obesity for adults who
have lost 2.5 kg by diet and increased activity in the month prior to their first
prescription and who also have a body mass index of 28 kg/m2 or more and another
serious illness that persists despite standard treatment (for example, Type 2 diabetes,
high blood pressure and/or high cholesterol).

 Evidence statements

Ia In obese patients with Type 2 diabetes, orlistat 120 mg tid produced statistically
significantly greater weight loss at 1 yr compared with placebo (mean difference 1.8 kg).

Ia For orlistat, some parameters of glycaemic and lipid control also show statistically
significant greater improvement than placebo.

Ib For people with Type 2 diabetes receiving orlistat, slightly better glycaemic control
(HbA1c) was achieved at 1 yr compared to placebo (fall of 0.3 vs. increase of 0.2 %,
p<0.001).

Ia Orlistat use is associated with gastro-intestinal adverse events (consistently higher
incidence than with placebo).

Ia Sibutramine produced statistically significant greater weight loss than placebo.  A dose-
effect relationship appears to be present.  Similar results for weight loss were found in
trials recruiting only people with Type 2 diabetes.

Ia Between group differences for changes in indicators of glycaemic control were not
usually statistically significant with sibutramine.

Ia Sibutramine use was associated with increases in blood pressure, pulse rate and heart
rate.

Evidence: narrative

Orlistat and sibutramine have been the subject of NICE technology appraisals.  The technical
reports have provided the evidence review for this guideline, and should be consulted for fuller
discussion of the available evidence.
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The NICE technical appraisals reported that both orlistat and sibutramine showed greater weight
loss and better weight maintenance than placebo, for all observed endpoints.

Sibutramine appears to have a dose-effect relationship with weight loss. However, sibutramine use
was associated with small statistically significant increases in pulse rate, heart rate and blood
pressure.  For sibutramine, favourable outcomes, compared to placebo, included loss of fat mass,
reduction in BMI, and loss of at least 5-10 % of initial body weight.  Similar weight loss findings
were found in trials of people with Type 2 diabetes.

For obese people with Type 2 diabetes, orlistat produced statistically significant greater weight loss
compared with placebo at 1 year, while some measures of glycaemic control and lipid
concentrations were significantly improved compared with placebo.  Indeed, most trials showed
significant improvement in at least some part of the serum lipid profile. Three of the orlistat trials
considered showed a reduction in blood pressure compared with placebo that was statistically
significant.  Adverse events (mainly gastrointestinal) were consistently higher in the orlistat group.
These effects may encourage people taking the drug to limit fat intake.  The use of orlistat was also
associated with lower serum levels of fat soluble vitamins.

Working group commentary

The Working group, cognisant of the acute cardiovascular effects of sibutramine, and the
demonstrated major benefits of controlling blood pressure in Type 2 diabetes (UKPDS, HOPE), felt
unable to conclude that expected gains associated with weight loss would be reflected in long term
cardiovascular outcomes with this drug.  The metabolic profile of orlistat appears favourable.
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7. Research issues

The development group thought research in the following areas would be of value:

♦ Studies of targeted patients currently using generic sulphonylureas to confirm or refute the
hypothesis that clinicians can make effective use of more expensive long-acting and rapid-
acting insulin secretagogues.

♦ Studies of forms of blood and urine self-monitoring in people using oral glucose-lowering
drugs.

♦ Studies of the impact of making measures of glucose (HbA1c), blood pressure and blood
lipid (LDL cholesterol, triglycerides) routinely available to patients via self-held records.

♦ Studies of the impact of providing a summary of the assessments and management plan for
the individual – the changes in arterial risk factors (blood glucose, lipids, waist
circumference, blood pressure) could be recorded on the summary and the individual could
record his or her satisfaction with service.

♦ A long-term outcome study of metformin in non-obese patients.

♦ Outcome studies of earlier initiation of insulin therapy.

♦ Studies of different insulin regimens in people with Type 2 diabetes.

♦ Economic assessment of the impact of different strategies to reduce arterial event risk in
people with diabetes, and find optimally cost-effective approaches to this.

♦ Studies that investigate which measures should be used in the assessment of blood glucose
levels, the relationship between the different measures and whether they can be substituted
for one another when measurement is required.

♦ Patient education for people with Type 2 diabetes, including what approaches, which
professionals should deliver education and long term impact.  The guideline development
group were pleased to see that a technology appraisal of ‘Patient education models for
diabetes’ is being undertaken by NICE.
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8. Review criteria
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Measurement

♦ The % of patients with Type 2 diabetes who are part of an ongoing structured evaluation of
microvascular and cardiovascular risk.

♦ The % of patients with Type 2 diabetes who have had their Haemoglobin Alc (HbA1c)
measured in the previous 2-6 months.

♦ For those in whom measurement of HbA1c is not possible, the % of patients who have had
their blood glucose profiles measured in the previous 2-6 months.

Targets

♦ The % of patients with HbA1c levels between 6.5% and 7.5%.

Self-monitoring

♦ The % of patients who have received education about self-monitoring of blood glucose.

Lifestyle interventions

♦ The % of patients who have received lifestyle advice.

Patient education

♦ The % of patients who have received patient education.

General therapy issues

♦ For those whose glucose control is problematic, the % of patients who have had their
concordance with therapy checked.

♦ For those who have been prescribed glucose lowering therapies, the % of patients whose
response has been monitored using HbA1c.

♦ For those receiving therapy whose glucose control is unsatisfactory, the % of patients who have
been prescribed an additional therapy within the previous 12 months.

Metformin

♦ For those who are overweight (BMI over 25.0kg/m2) and inadequately controlled on lifestyle
management alone, the % of patients who have been prescribed metformin.

Insulin secretagogues

♦ For those who are overweight or obese with unsatisfactory glucose control on metformin, the %
of patients who have additionally been prescribed insulin secretagogues within the previous 12
months.

♦ For people who are intolerant of metformin, the % of patients who have been prescribed insulin
secretagogues.
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PPAR-γ agonists (including the thiazolidinediones))

♦ The % of patients who have been prescribed PPAR-γ agonists in combination therapy because
they are unable to take metformin and insulin secretagogue combination therapy.

♦ The % of patients who have been prescribed PPAR-γ agonists in combination therapy because
their HbA1c level remains unsatisfactory despite combination therapy of metformin and insulin
secretagogues.

Alpha-glucosidase inhibitors

♦ The % of patients who have been prescribed acarbose because they are unable to use other oral
drugs.

Insulins

♦ The % of patients who have been prescribed insulin therapy because blood glucose control was
inadequate on optimal oral glucose-lowering drugs.
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9. Evidence tables
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Measurement (including self-monitoring):
evidence tables



90 National Clinical Guidelines for Type 2 Diabetes

Measures
Author Treatment

comparison
Drug & daily
dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Bouma et
al, 1999

NOT AN RCT,
purpose of study
was to assess
fpg as a
parameter for
glycaemic
control in
patients with
Type 2 diabetes.

37% were
treated with diet
only, 51%
treated with
sulphonylureas,
2% with
metformin and
10% with a
combination of
both oral
hypoglycaemic
agents

Patients were under
the care of a GP in the
Netherlands

Type 2

Median duration of
diabetes was 2.4 years

Inclusion: diagnosis
of type 2 diabetes
(WHO criteria); age >
40 years; not
pregnant; able to
complete
questionnaire in
Dutch.

Exclusion: not
reported

1020 patients,
of whom 617
had
measurements
repeated after 3
months.

43.2%  men

63.9 ± 3.3 years

3 months

Not reported

Correlation
coefficients
between
HbA1c and fpg

Correlation
coefficient
between fpg
change and
HbA1c

change.

ROC curve
analysis.

Correlation coefficients between HbA1c and fpg
Pearson’s correlation coefficient for HbA1c and fpg was 0.77
(p=0.001).  For patients on oral hypoglycaemic agents the correlation
was 0.73; for those on diet 0.84.  After 3 months the correlation
coefficient for all patients was 0.73 (0.69 and 0.77).
Correlation coefficient between fpg change and HbA1c change
Mean HbA1c after 3 months was 6.9 vs. 7.5% at baseline (p<0.001).
Correlation coefficient between fpg change and HbA1c change was
0.65.
ROC curve analysis for fpg
Two cut off points for HbA1c were examined (6.5 and 7.0), resulting
in 2 ROC curves.  The curves did not show significant differences
with AUCs of 0.87 and 0.88 respectively (two-tailed p=0.35).  At 7.8
mmol/l cut off for fpg, 90% of patients with poor HbA1c values (≥
7.0%) were detected as such (fpg test also poor); 66% of patients
with HbA1c < 7.0 were categorised as well controlled according to
the fpg.
For fpg values > 12 mmol/l, the percentage of patients with false
positive values decreased to < 1.  The risk of assigning patients with
good fpg to poor glycaemic control category were small when fpg
values were < 5.0mmol/l.
ROC curve analysis for change in fpg in relation to change in HbA1c
Three cut off points were used.  The AUC were distinctly deviant
from 0.5 (0.81, 0.77 and 0.73; one-tailed p values<0.0001).  The cut
off point for fpg change with the highest sensitivity and specificity
was 0 mmol/l.  However, in the curve with the greatest AUC (cut off
in HbA1c change 0.5) this point yielded a specificity of 87.7% and a
sensitivity of 57%.
Conclusions: fpg and HbA1c do not always correspond in patients
with Type 2 diabetes on diet or oral treatment.  HbA1c is difficult to
predict from fpg values and HbA1c changes are even more difficult
to predict from fpg changes.

Not
reported

Not
reported

AUC= area under the curve; ROC= receiver-operating characteristic curves; fpg= fasting plasma glucose
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Measures
Author Study details Setting & Location

Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

El-Kebbi
et al,
1998

NOT AN RCT,
purpose of the paper
was to evaluate the
utility of fasting and
random plasma
glucose measurements
in identifying poor
glycaemic control

Patients were treated
with diet alone,
sulphonylureas or
insulin

Grady Diabetes Unit,
Atlanta Georgia, USA

fpg Study: 83% of
patients had Type 2
diabetes, rpg Study:
84% had Type 2
diabetes.

fpg Study: 5.4 ± 7.9
years
rpg Study: 7.1 ± 9.3
years

Inclusion: not reported

Exclusion: patients who
had been followed for
less than 2 months.

fpg Study
974 patients in
total; 511
treated with
diet; 126 treated
with
sulphonylureas
and 337 treated
with insulin

63% female

54.4 ± 12.8

85% of patients
were African-
American

rpg Study
552 patients in
total; 203
treated with
diet; 152 treated
with
sulphonylureas
and 197 treated
with insulin

63% female

56.4 ± 13.0

85%  of patients
were African-
American

2 month follow-
up visits

Not reported

ROC analysis to
evaluate the
sensitivity,
specificity and
predictive value
of fpg and rpg
measurements
in identifying an
HBA1c > 8.0%.

fpg Study: fasting plasma glucose was
a significant indicator of HbA1c >8.0%
for the whole group and in subgroups
for diet sulphonylureas and insulin.
The corresponding areas under the
ROC curve were 0.87, 0.90, 0.87 and
0.84 respectively (all p<0.0001).  A fpg
cut off >9.2 mmol/l provided a
sensitivity of 80% and a specificity of
83% for the whole group and a 77%
positive predictive value.

rpg Study: random plasma glucose was
a good indicator of HbA1c> 8.0% for
the whole group and the subgroups of
diet, sulphonylureas and insulin. The
corresponding areas under the ROC
curve were 0.85, 0.91, 0.85 and 0.77
respectively (all p<0.001).  A cut off
>9.8 mmol/l provided a sensitivity of
78% and a specificity of 77% for the
whole group and a 78% positive
predictive value.

Overall a plasma glucose >11.l mmol/l
identified an HbA1c >8.0% with  a
predictive value of approx. 90% if done
while fasting and a predictive value of
80-85% if random.

Conclusions: Measurement of fpg or
rpg may be used to identify poorly
controlled Type 2 patients with
reasonable certainty.

Not reported Not
reported

fpg= fasting plasma glucose; rpg= random plasma glucose; ROC= receiver operating characteristics
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Self-monitoring

RCTs for Type 2 diabetes self-monitoring reviewed in HTA report (Coster et al 2000)

Study Setting No. of
patients

Inclusion criteria Intervention Monitoring
Comparison
B = blood
U= urine
N = no
monitoring

Main measures Results
 ND= no
difference

Duration

Dropouts

Allen, 1990 USA, medical
centre

61 fpg 8.8-<22mmols/l
No history of DKA
Not using insulin
No previous monitoring

SMBG & urine
testing as part of
standard
treatment
programme

B vs. U fpg
Weight
GHb

ND
ND
ND
Cost of blood 12
times more in
year 1 (8 times
in later years)

6 months

7 dropouts

Estey, 1989 Canada, medical
centre

60 Referred for education
Not on insulin
Prepared to monitor
blood
Complete 3 day
programme
Access to telephone for
follow-up

Study group
received 3 day
education + tel.
Follow-up to
reinforce SMBG

B vs. B + tel.
follow-up

HbA1c
Weight
Frequency of
SMBG

ND
ND

4 months

7 dropouts

Fontbonne, 1989 France, diabetes
clinics

208 Poor control (fpg
8.8mmol/l or more or
post-prandial =/>
11mmol/l  3 times in a
year
Diabetes > 3 years
Clinic attender

Urine
monitoring or
SMBG
compared with
GHb results

B vs. U vs. N HbA1c
Body weight

ND
ND

6 months

44 dropouts

Gallichan, 1994 UK, diabetes
centre

27 On oral hypoglycaemic
agents

Randomisation
to a programme
of blood or urine
testing

B vs. U Fructosamine ND 24 weeks

10 dropouts
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Miles, 1997 UK, diabetes
centre

150 Newly diagnosed SMBG +
education or
urine monitoring
+ education

B vs. U GHb
BMI
QOL

ND
ND
ND

6 months

36 dropouts

Muchmore,
1994

USA, medical
centre

29 Obese, elevated HbA1c
No recent SMBG
No diet programme in
last 3 months

Randomisation
to diet or diet +
SMBG
programme

B + diet vs. N HbA1c
Body weight
QOL (DCCT)

ND
ND
ND

44 weeks

6 dropouts

Rutten, 1990 Netherlands,
general practices

149 40-75yrs
Not treated with insulin
Not receiving treatment
for other diseases

Patients in study
practices used
SMBG as part
of diabetes
management
protocol

B + GP protocol
vs. N control
(conventional
GP care and no
SMBG protocol)

fpg
Weight
HbA1c

ND
Decrease in
intervention
group, increase
in control group

12 months

10 dropouts

Wing, 1986 USA, medical
school

50 35-65yrs
120% or more IBW
On oral hypoglycaemic
drugs or insulin
Developed diabetes > 30
years ago

Weight control
programme
including self-
monitoring

Weight control
+ B vs. weight
control + N.

Weight
GHb & fpg
Serum lipid
Medication
/lifestyle/mood
changes

ND
ND &ND
ND

ND

12 months

5 dropouts
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Self-monitoring
Author Study details Setting & Location

Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean
±SD (range)
years

Follow-up
period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Schiel et
al, 1999

NOT AN RCT,
but a cross-sectional
study to assess
blood glucose self-
monitoring.

All patients in the
study had received
insulin treatment for
at least 12 months.

Hospital clinic and
out-patient
department in
Thuringia, Germany

Type 2 diabetes

12.6 ± 7.6 (1-57)

Inclusion/exclusion
criteria not reported.

842 patients
total, from
whom 33 took
part in a five-
day structured
treatment and
teaching
programme on
self-
monitoring
and diabetes
education.

Sex not
reported

60.1 ± 10.9
(20-87)

33 patients
re-examined
1 year after
participation
in treatment
programme

Not reported

Correlation
between blood
glucose self
tests and
HbA1c, age
and frequency
of insulin-
dose self
adjustments of
the patients

Parameters
associated
with HbA1c

Subgroup
analysis of
patients >60
years

Subgroup
analysis of
patients who
had not
participated in
the five day
programme

Change in
relative
HbA1c after
treatment
programme

Correlation between blood glucose self  tests and HbA1c, age and
frequency of insulin-dose self adjustments of the patients

There were negative correlations between the frequency of blood
glucose self tests and HbA1c (r=-0.17, p<0.001) and age (r=-0.16,
p<0.001).  There was a positive correlation between the frequency of
blood glucose self tests and the frequency of insulin dose self
adjustments of the patients (r=0.42, p<0.001).

Parameters associated with HbA1c

The important parameters associated with HbA1c (R-square=0.10),
using multivariate analysis were: frequency of blood glucose self
tests/week (c=-0.005, p<0.001), the insulin dosage/kg body weight
(c=0.001, p=0.0032) and participation in treatment programme
(c=0.085, p<0.0001).  Age, diabetes duration, number of insulin
injections/day and sex showed no associations.

Subgroup analysis of patients > 60 years (n=396)

Parameters associated with HbA1c (R-square=0.16) were
participation in treatment programme (c=0.09, p=0.002), frequency
of blood glucose self-tests/week (c=-0.006, p=0.0018), insulin
dosage/kg body weight (c=0.004, p= 0.0002) and body mass index
(c= 0.008, p= 0.0012).

Subgroup analysis of patients who did not participate in treatment
programme (n=249)

No correlations or associations between frequency of blood glucose
self-monitoring and HbA1c.

Changes in relative HbA1c after treatment programme

Relative HbA1c decreased from 1.84 ± 0.38% to 1.61 ± 0.30%
(p=0.007) and there was a strong association between the frequency
of blood glucose self-tests/week and HbA1c (c=-0.016, p=0.0032, R-
square=0.25).

Conclusions: Daily blood glucose self-monitoring was associated
with better quality of metabolic control.

Not
reported

Not
reported
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Self-monitoring
Meta-analysis/systematic review extraction table

Author (s) Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up
period

Numbers
randomised

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Faas A., Schellevis F.G., van
Eijk J.T.M. Diabetes Care
1997; 20 (9): 1482–1486

to clarify the efficacy of SMBG in NIDDM
patients using diet or diet with oral
antidiabetic medication as determined in
published studies

systematic review: 6
RCTs (from 77 + 813
from searches)

Medline on CD-ROM

1976–February 1996

not stated

RCTs

self-
monitoring of
blood glucose
(SMBG)

urine testing

12-62 weeks

range 12 –
100 in each
arm

approx

smbg – 260
smbg + compliance: 28
urine testing: 111
no testing: 193

only those using exclusively insulin were excluded

not stated

not stated

not stated

primary: HbA1c, weight.

Results
The efficacy of SMBG in six RCTs:

Study Mean HBA1c (%) or fructosamine (µmol/l)
No Interventions Before After Overall conclusion

1 SMBG 10.19 10.19 No difference
Non-SMBG 10.86 10.44

2 SMBG 8.2 7.84 No difference
Urine testing 8.6 8.47
Non-SMBG 8.2 7.7

3 SMBG 12.4 10.4
Urine testing 11.7 9.7 No difference

4 SMBG 9.7 9.32 Mean change of HBA1c was –0.4% in the SMBG group versus +0.5% in the control group (p<0.05), mean weight loss 0.4kg in the
Non-SMBG 8.9 9.36 SMBG group and mean weight gain 0.1kg in the control group (NS)

5 SMBG 6.1 5.8 No difference for HBA1c and
SMBG + 6.3 5.7 weight, SMBG compliance
compliance was higher in the group with
intervention compliance intervention (p<0.0001)

6 SMBG 324* 333* No difference * Fructosamine level used instead of HBA1c

Urine testing 343* 322*

Conclusions:

♦ the efficacy of SMBG in NIDDM is still questionable
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Lifestyle interventions: evidence tables
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Diabetes lifestyle - diet
Author (s) Study Type of intervention Setting and

location
Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Laitinen et al (1993) Intensified
dietary
therapy on
energy and
nutrient
intakes and
fatty acid
composition
of serum
lipids

T1: (intervention)
intensified dietary
education (OPD 2
monthly, doctor,
specialist nurse,
clinical nutritionist)
T2: conventional
treatment (usual
education at 2-3
months intervals OPD
9 and 15 months)

5 rural and 1
urban health
Centres,
Kuopio,
Finland

T1: 40
T2: 46

(3 month run
in)

Inclusion: newly diagnosed NIDDM
with fasting venous whole blood glucose
≥6.7mmol/l, age 40-64

Exclusion: IDDM, alcohol abuse, cancer

T1: male 50.7±7.7
female 53.7±6.3

T2: male 54.0±6.6
female 54.4±6.4

T1: male 21 52%
female 19 48%

T2: male 28 61%
female 18 39%

ethnicity not
reported

1 year Primary:
weight
fasting blood glucose
HbA1c

blood pressure
serum lipids
intake of energy

nutrients
fibre &
cholesterol

Results

Variable/groupa 0 months 3 months 15 months Change from 3 to 15 months
(mean; 95% CI)

 mean ± standard deviation

Weight (kg)
Intervention group (T1) 91.6±14.5 88.3±14.1**z 86.5±13.7 -1.8 (-3.0 – -0.5)
Conventional treatment group (T2) 92.2±14.7 88.8±14.0***z 90.2±14.3 +1.0 (-0.1 – +2.2)
Fasting blood glucose (mmol/L)b

Intervention group (T1) 7.6±2.4 6.6±1.9***z 6.2±1.8*y -0.4 (-0.9 – +0.2)
Conventional treatment group (T2) 8.9±3.3 7.5±2.9***z 7.5±2.2*x 0.0 (-0.8 – +0.8)

Glycated haemoglobin A1c (%)
Intervention group (T1) 8.4±2.2 7.1±1.8***z 6.6±1.6 -0.6 (-1.2 – -0.1)
Conventional treatment group (T2) 9.0±2.6 7.8±2.0***z 7.5±1.7 -0.3 (-0.9 – +0.2)
Serum cholesterol (mmol/L)
Intervention group (T1) 6.3±1.4 6.1±1.2 6.0±1.0 -0.1 (-0.3 – +0.1)
Conventional treatment group (T2) 6.5±1.1 6.3±1.0 6.4±1.0 +0.1 (-0.2 – +0.4)

Serum HDL-cholesterol (mmol/L)d

Intervention group (T1) 1.07±0.32 1.07±0.25 1.20±0.29***y +0.12 (+0.06 – +0.18)
Conventional treatment group (T2) 1.12±0.26 1.17±0.29 1.21±0.28 +0.05 (-0.01 – +0.10)
Serum triglycerides (mmol/L)e

Intervention group (T1) 2.76±1.60 2.50±1.44 1.96±0.89**y -0.5 (-0.91 – -0.15)
Conventional treatment group (T2) 2.88±1.67 2.26±1.33**z 2.33±1.19 +0.1 (-0.22 – +0.37)
a Intervention group (n=40); Conventional treatment group (n=46)
b To convert mmol/L glucose to mg/dL, multiply mmol/L by 18.0.  To convert mg/dl glucose to mmol/l, multiply mg/dL by 0.0555.  Glucose of 6.0 mmol/L=108 mg/dL.
c To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.9.  To convert mg/dl cholesterol to mmol/L, multiply by 0.026.  Cholesterol of 5.00 mmol/L=193 mg/dL.
d  HDL cholesterol=high-density lipoprotein cholesterol
e To convert mmol/L triglyceride to mg/dL, multiply mmol/L by 88.6.  To convert mg/dl triglyceride to mmol/L, multiply mg/dL by 0.0113.  Triglyceride of 1.80 mmol/L=159 mg/dL
**z  p<0.001, 0 vs 3 months ***z  p<0.001, 0 vs 3 months *y p<0.05, 3 vs 15 months **y  p<0.01, 3 vs 15 months ***y  p<0.001, 3 vs 15 months *x p<0.05, between the groups at 15 months
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Laitinen et al (1993) (continued)

Results

Intervention group (n=38) Conventional treatment group (n=46)
3 months 15 months 3 months 15 months

mean±standard deviation

Energy (kcal) (only digestible carbohydrates are included)
combined 1,710±773 1,628±580 1,633±636 1,713±630
Protein (% of energy)
combined 19±3 20±3 19±4 19±4
Saturated fatty acids (% of energy)
combined 35±7 34±9 35±7 37±7
Carbohydrates (% of energy)
combined 43±7 45±7 44±7 41±9*

*p<0.01, 3 to 15 months
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Diabetes lifestyle - natural history study – dietary management

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Levy et al (1998) Belfast Diet
Study

Intensive dietary
management (energy
restricted low sucrose
diet, adapted
individually aiming to
attain average body
weight for sex �
height)

Primary care,
Belfast

432 patients
followed,
recruited
1972-1980

Inclusion: newly diagnosed diabetes,
age 40-69, symptoms of hyperglycaemic
and random venous plasma glucose
>10 mmol/L or asymptomatic and an
abnormal glucose tolerance test with at
least one plasma glucose greater
18 mmol/L, diet failure

Exclusion: not stated

Group 1 (diet
failure 2-4 years)
n=41
age at diagnosis
54
M/F 23/18

Group 2 (diet
failure 5-7th year)
n=67
age at diagnosis
54
M/F 29/38

Group 3 (diet
failure at 8-10th

year)
n=51
age at diagnosis
56
M/F 29/27

Group 4 (no
failure after 10
years)
n=173
age at diagnosis
58
M/F 102/66

Until death or 10
completed years
after diagnosis

Blood glucose control
morbidity
mortality
beta-cell function

Results

Diet therapy failure
Group 1 Group 2 Group 3 Group 4

Diagnosis 6 months Diagnosis 6 months Diagnosis 6 months Diagnosis 6 months

% average weight 116±19 111±19* 118 (±23) 111 (±21)* 121 (±22) 110 (±20)* 120 (±21) 108 (±17)*

fasting plasma glucose 14.2±3.8 10.5±3.5* 12.9 (±3.5) 8.7 (±2.2) 12.8 (±4.0) 8.7 (±2.3) 11.3 (±3.9) 7.5 (±2.3)*

fasting plasma insulin 8.4 (4.0-18.0) 6.7 (3.2-14.4) 9.5 (5.6-16.1) 10.1 (4.5-22.5) 9.9 (5.1-19.3) 8.0 (3.7-17.1) 10.8 (5.7-20.4) 8.3 (3.7-18.5)
*p<0.001

Group 1 Group 2

mean rates of rise of plasma glucose mmol/yr 1.5 0.2

Successful continuation on diet therapy associated with trend across tersiles for lower fasting plasma glucose p<0.0001
Higher beta-cell (6 month OGTT) p<0.0001 increasing age p<0.01
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(Note: McCarron 1997, 2000, Metz 1997, 2000 and Pi-Sunyer et al 1999 are all the same study)

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

McCarron et al (1997) Cardiovascular
Risk
Reduction
Dietary
Intervention
Study

T1: prepared mean
plan (to meet macro
and micronutrient
recommendations for
prevention and
treatment of
hypertension,
dyslipidaemia
NIDDM) CCNN
T2: self-selected diet
(exchange based to
give similar total pat,
carbohydrate and
protein composition) -
close to CDEP/AHA
step 2 diet.  Nutrition
prescription by
Harris-Benedict
equation for energy
levels

10 clinical
centres
(outpatients)
USA and
Canada

T1: 283
T2: 277

(4 week
run-in)

Inclusion: age 25-70, BMI≤42, 1 or
more of hypertension, dyslipidaemia,
NIDDM
Exclusion: life threatening diseases,
insulin treatment, women who were
pregnant or not practising birth control,
substance/alcohol abuse, refused to
discontinue vitamin and mineral
supplements

Overall
54 (26-70 range)

men 246 (44%)
women 314 (56%)

85% White
10% African-
American
2% Hispanic
2% Pacific
Islander
1% Native
American

10 weeks Primary
blood pressure
serum lipoproteins

cholesterol
HDL
LDL
VLDL
triglycerides

plasma glucose
HbA1c

fructosamine
insulin
weight
quality of life
compliance
medication use

Results

Diet effects on blood pressure and body weight*

Measurement CCNW Self-selected diet
Baseline Treatment Baseline Treatment Change with Change between
(n=283) (n=274) (n=277) (n=274) diets, p diets, p

supine SBP, mmHg 135.3±14.4 129.5±14.6 134.9±12.5 131.2±14.2 <0.001 0.004
supine DBP, mmHg 82.9±7.8 79.7±7.8 83.6±7.4 80.9±7.9 <0.001 0.26
sitting SBP, mmHg 133.5±14.2 127.1±13.8 133.8±12.9 129.2±14.3 <0.001 0.02
sitting DBP, mmHg 84.7±8.0 80.4±7.8 85.5±7.9 82.5±8.4 <0.001 0.006
weight kg male 97.2±16.3 92.7±16.1 98.7±14.7 95.1±14.1 <0.01 0.003

female 83.2±15.9 78.4±15.1 82.8±16.4 80.1±15.9

*data are reported as mean±SD.  CCNW indicates Campbell's Center for Nutrition and Wellness; SBP, systolic blood pressure; and DBP, diastolic blood pressure
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McCarron et al (1997) continued

Results

Diet effects on plasma lipoprotein levels and carbohydrate metabolism*

Measurement CCNW Self-selected diet
Baseline Treatment Baseline Treatment Change with Change between

[n] [n] [n] [n] diets, p diets, p

cholesterol, mmol/L (mg/dL) 5.69±0.80 5.38±0.83 5.66±0.91 5.38±0.93 <0.001 0.30
(220±31) [282] (208±32) [270] (219±35) [277] (208±36) [271]

triglycerides, mmol/L (mg/dL) 2.18±1.46 2.07±1.69 2.15±1.37 1.99±1.37 0.001 0.41
(193±129) [282] (184±150) [270] (190±121) [277] (176±121) [271]

HDL cholesterol, mmol/L (mg/dL) 1.15±0.33 1.11±0.32 1.17±0.34 1.14±0.33 <0.001 0.35
(44.3±12.9) [282] (43.1±12.2) [270] (45.2±13.0) [277] (44.2±12.6) [271]

LDL cholesterol, mmol/L (mg/dL) 3.55±0.85 3.31±0.78 3.49±0.85 3.34±0.80 0.001 0.10
(137±33) [282] (128±30) [270] (135±33) [277] (129±31) [271]

VLDL cholesterol, mmol/L (mg/dL) 0.99±0.67 0.95±0.78 0.99±0.63 0.91±0.62 0.001 0.40
(38.6±25.9) [282] (36.7±30.1) [270] (38.1±24.3) [277] (35.1±24.1) [271]

LDL/HDL ratio 3.29±1.09 [282] 3.17±1.03 [270] 3.18±0.98 [277] 3.09±0.97 [271] 0.25 0.88
plasma glucose, mmol/L (mg/dL) 7.27±3.22 6.55±2.66 7.66±3.55 6.94±2.89 <0.001 0.56

(131±58) [277] (118±48) [263] (138±64) [273] (125±52) [267]
HbA1c, % 7.0±1.7 [276] 6.6±1.3 [262] 7.0±1.8 [274] 6.7±1.5 [267] <0.001 0.66
fructosamine, µmol/L 258±60 [270] 248±50 [256] 263±66 [265] 253±65 [259] <0.001 0.85
insulin, pmol/L (µU/mL) 104±117 82±63 105±104 90±70 <0.001 0.57

*data are reported as mean±SD.  CCNW indicates Campbell's Center for Nutrition and Wellness; HDL, high-density lipoprotein; LDL, low-density-lipoprotein; VLDL, very low-density lipoprotein; and HbA1c, haemoglobin.  Sample
sizes differ because of variation in quality or quantity of specimens.
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Author (s) Study Type of intervention Setting and

location
Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

McCarron (2000) Cardiovascular
Risk
Reduction
Dietary
Intervention
Study

T1: prepared meal
plan (CCNW)
T2: self-selected diet

Results

Reviews and re-presents results from

McCarron et al (1997)

Intelligent Quisine (n=283) Self-Selected Diet (n=277)
Variable Baseline Change Baseline Change

systolic BP (mmHg) 133.5±14.2 -6.4±9.2* 133.8±12.9 -4.6±9.0*

diastolic BP (mmHg) 84.7±8.0 -4.2±5.7† 85.5±7.9 -3.0±5.1†

cholesterol (mmol/l) 5.69±0.80 -0.32±0.58 5.66±0.90 -0.27±0.57
LDL cholesterol (mmol/l) 3.54±0.85 -0.23±0.47 3.49±0.85 -0.16±0.45
HDL cholesterol (mmol/l) 1.13±0.37 -0.03±0.12 1.16±0.37 -0.02±0.12
homocysteine (µmol/L) 10.8±5.8 -1.5±3.3‡ 11.0±5.6 0.17±4.5‡

glucose (mmol/l) 7.27±3.22 -0.65±1.89 7.66±3.56 -0.75±2.03
HbA1c (%) 7.0±1.7 -0.4±0.8 7.0±1.8 -0.3±0.7
Insulin (µU/ml) 14.5±16.4 -2.9±11.4 14.7±14.5 -2.3±11.1

BP, blood pressure; LDL, low-density lipoprotein; HDL high-density lipoprotein; HbA1c, glycosylated haemoglobin
Change between groups: *p<0.05; †p<0.01; ‡p<0.001

Haynes et al (1999)

Intelligent Quisine (n=283) Self-Selected Diet (n=277)
Variable Baseline Change Baseline Change

systolic BP (mmHg) 129.9±14.8 -5.2±10.0 133.1±14.9 -4.7±9.0
diastolic BP (mmHg) 83.3±8.4 -3.8±5.9* 82.8±8.9 -2.2±5.5*

cholesterol (mmol/l) 5.72±0.88 -0.41±0.65† 5.79±0.75 -0.21±0.49†

LDL cholesterol (mmol/l) 3.54±0.93 -0.28±0.49‡ 3.62±0.72 -0.10±0.39‡

HDL cholesterol (mmol/l) 1.16±0.34 0±0.11* 1.06±0.26 0.03±0.11*

homocysteine (µmol/L) 10.8±4.4 -1.3±3.8† 11.6±5.0 0.2±3.4†

glucose (mmol/l) 6.83±2.94 -0.70±1.69* 6.27±0.90 -0.25±1.33*

HbA1c (%) 6.4±1.8 -0.4±1.5 6.2±1.4 -0.1±0.9
Insulin (µU/ml) 19.3±18.3 -3.9±9.2 20.4±13.1 -4.4±8.8

BP, blood pressure; LDL, low-density lipoprotein; HDL high-density lipoprotein; HbA1c, glycosylated haemoglobin
Change between groups: *p<0.05; †p<0.01; ‡p<0.001
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Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Metz et al (1997) Cardiovascular
Risk
Reduction
Dietary
Intervention
Study

T1: prepared meal
plan (to meet macro
and micronutrient
recommendations for
prevention and
treatment of
hypertension,
dyslipidaemia
NIDDM) CCNN
T2: self-selected diet
(exchange based to
give similar total pat,
carbohydrate and
protein composition) -
close to CDEP/AHA
step 2 diet.  Nutrition
prescription by
Harris-Benedict
equation for energy
levels

10 clinical
centres
(outpatients)
USA and
Canada

T1: 283
T2: 277

(4 week
run-in)

Inclusion: age 25-70, BMI≤42, 1 or
more of hypertension, dyslipidaemia,
NIDDM
Exclusion: life threatening diseases,
insulin treatment, women who were
pregnant or not practising birth control,
substance/alcohol abuse, refused to
discontinue vitamin and mineral
supplements

Overall
54 (26-70 range)

men 246 (44%)
women 314 (56%)

85% White
10% African-
American
2% Hispanic
2% Pacific
Islander
1% Native
American

10 weeks Primary
blood pressure
lipoproteins cholesterol

HDL
LDL
triacylglycerol

plasma glucose
insulin
HbA1c

weight
dietary compliance

Results

Prepared meal plan Self-selected diet
Baseline Treatment Change Baseline Treatment Change

(n=169W, 114M) (n=163W, 109M) (n=163W, 109M) (n=145W, 132M) (n=142W, 128M) (n=142W, 128M)

Women
sitting systolic blood pressure (mmHg) 133.4±15.6 127.4±15.2 -6.1±9.62 132.0±12.0 127.4±13.5 -4.5±9.62

sitting diastolic blood pressure (mmHg) 83.2±8.4 79.7±8.3 -3.4±5.42 83.1±7.6 80.3±7.6 -2.7±5.12

cholesterol (mmol/L) 5.81±0.82 5.55±0.84 -0.27±0.592 5.85±0.85 5.62±0.88 -0.22±0.522

triaclglycerol (mmol/L) 2.09±1.40 2.03±1.85 -0.07±1.34 2.09±1.43 1.97±1.36 -0.14±0.614

LDL (mmol/L) 3.59±0.87 3.41±0.80 -0.19±0.452 3.57±0.81 3.43±0.77 -0.12±0.433

HDL (mmol/L) 1.24±0.35 1.21±0.33 -0.04±0.143 1.31±0.34 1.28±0.34 -0.03±0.134

VLDL (mmol/L) 0.96±0.64 0.93±0.85 -0.03±0.61 0.96±0.66 0.90±0.63 -0.06±0.284

insulin (pmol/L) 95.6±67.2 76.9±47.9 -16.5±49.22 107.0±122.0 90.2±78.4 -18.7±91.84

HbA1c (%) 6.8±1.7 6.5±1.3 -0.3±0.72 6.9±1.8 6.7±1.6 -0.2±0.62

plasma glucose (mmol/L) 7.1±3.2 6.4±2.8 -0.6±1.92 7.4±3.5 6.8±3.0 -0.6±1.62

weight (kg) 83.2±15.9 78.4±15.1 -4.8±3.02,5 82.8±16.4 80.1±15.9 -2.8±2.82
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Metz et al (1997) continued

Results

Prepared meal plan Self-selected diet
Baseline Treatment Change Baseline Treatment Change

(n=169W, 114M) (n=163W, 109M) (n=163W, 109M) (n=145W, 132M) (n=142W, 128M) (n=142W, 128M)

Men
sitting systolic blood pressure (mmHg) 133.6±11.8 126.6±11.2 -7.0±8.52,6 135.8±13.6 131.1±15.0 -4.8±8.52

sitting diastolic blood pressure (mmHg) 86.8±7.0 81.3±6.9 -5.4±5.92,7 88.1±7.4 84.9±8.3 -3.2±5.12

cholesterol (mmol/L) 5.55±0.77 5.15±0.77 -0.39±0.572 5.46±0.91 5.13±0.92 -0.33±0.612

triaclglycerol (mmol/L) 2.29±1.53 2.12±1.44 -0.17±0.754 2.20±1.29 1.99±1.36 -0.21±0.824

LDL (mmol/L) 3.48±0.80 3.19±0.72 -0.30±0.492 3.43±0.87 3.22±0.82 -0.21±0.462

HDL (mmol/L) 1.01±0.25 0.98±0.23 -0.03±0.114 1.01±0.25 1.00±0.22 -0.02±0.10
VLDL (mmol/L) 1.05±0.70 0.97±0.66 -0.09±0.384 1.01±0.59 0.91±0.62 -0.09±0.384

insulin (pmol/L) 119.0±169.0 89.6±81.1 -27.7±115.04 107.0±83.6 90.9±59.9 -16.7±67.24

HbA1c (%) 7.2±1.7 6.7±1.4 -0.4±0.92 7.2±1.8 6.7±1.5 -0.5±0.92

plasma glucose (mmol/L) 7.5±3.2 6.7±2.4 -0.7±1.93 7.9±3.6 7.0±2.8 -0.9±2.42

weight (kg) 97.2±16.3 92.7±16.1 -4.5±3.62,5 98.7±14.7 95.1±14.7 -3.5±3.32

1
�±SD.  HbA1c, glycated haemoglobin

2-4significant changes from baseline to the end of treatment were noted for all study endpoints except for triacylglycerols and VLDL in women in the prepared mean plan group and HDL in men in the self-selected diet group:
2p<0.0001, 3p<0.001, 4p<0.05
5-7significant change from baseline for diet group: 5p<0.0001, 6p<0.05, 7P<0.01

Compliance with energy (±420KJ from midpoint of prescribed energy range) fat intake (<20%, <25% or 30% of energy from total fat) and NCEP/AHA step 1 and 2 dietary recommendation was better in T1 than T2 p<0.001

Compliance T1 T2

energy 83% 72%
fat intake <20% 78% 23%

<25% 93% 56%
<30% 95% 78%

NCEP/AHA step 1 97% 73%
step 2 81% 41%



Blood glucose management 105

Diabetes lifestyle - diet

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female  (M/F)
ratio

Ethnicity

Follow-up
period

Main outcome measures

Metz et al (2000) Cardiovascular
Risk
Reduction
Dietary
Intervention
Study

T1: prepared meal
plan CCNW (monthly
clinic for dietary
support)
T2: usual care diet
self-selected (Harris-
Benedict equation)

5 university
medical
centres, USA

Cohort 1
T1: 93
T2: 90

Cohort 2
Type 2
diabetes
T1: 56
T2: 63

(4 week run-
in)

Inclusion: age 25-70, BMI ≤42
cohort 1 - hypertension or 
dyslipidaemia
cohort 2 - type 2 diabetes

Exclusion: insulin treatment, substance
abuse, any serious health problems on
history or physical examination,
subgroup analysis BMI <25

Cohort 1
T1: 54.5±9
T2: 54.4±9.5
Cohort 2
T1: 54.6±9
T2: 54.0±9.9

Cohort 1
male 45%
female 55%
Cohort 2
male 42%
female 55%

Cohort 1
White 89%
African-American 7%
Other 4%
Cohort 2
White 80%
African-American 11%
Other 9%

1 year Primary:
weight change

Secondary
blood pressure
plasma lipids
glycaemic control
nutrient intake
compliance
quality of life

Results

Diet effects on outcome measures for cohort 2* Prepared meal plan Usual-care diet
Outcome measure Baseline 12-week change 26-week change 52 week-change Baseline 12-week change 26-week change 52 week-change

(n=56) (n=54) (n=43) (n=41) (n=63) (n=56) (n=51) (n=51)
SBP, mmHg 137.0±15.3 -8.5±9.4 -7.0±11.2 -8.8±12.6 138.0±12.8 -5.7±8.0 -6.0±10.7 -9.9±13.2
DBP, mmHg 82.4±6.7 -3.7±5.7 -5.1±6.3 -5.1±5.6 83.7±8.3 -2.7±4.4 -3.0±5.0 -3.8±6.2
cholesterol, mmol/L 5.38±1.0 -0.28±0.62 0.39±0.40 0.16±0.76 5.28±0.87 -0.06±0.46 0.70±0.53 0.03±1.08
(mg/dL)† (208.0±39.0) (-10.7±23.9) (3.2±30.0) (6.2±29.2) (204.0±34.0) (-2.3±17.9) (0.9±26.1) (1.0±41.7)
triglycerides, mmol/L 2.88±1.87 -0.44±0.99 -0.40±1.15 -0.16±1.41 2.63±1.65 -0.13±1.10 -0.10±1.79 0.06±3.09
(mg/dL) (255.0±166.0) (-39.0±87.4) (-35.7±102.0) (-14.2±126.0) (233.0±146.0) (-11.5±97.8) (-8.8±159.0) (0.3±5.2)
HDL cholesterol, 1.04±0.25 -0.02±0.12 0.07±0.11 0.05±0.15 1.04±0.27 -0.02±0.09 0.01±0.12 0.01±0.13
mmol/L (mg/dL) (40.2±9.6) (-0.9±4.6) (2.6±4.2) (1.9±5.7) (40.3±10.4) (-0.8±3.6) (0.5±4.5) (0.3±5.2)
LDL cholesterol, 3.14±0.98 -0.12±0.57 0.16±0.72 0.18±0.69 3.11±0.90 0.01±0.41 0.06±0.44 -0.01±0.64
mmol/L (mg/dL) (121.0±38.0) (-4.8±22.1) (6.2±27.9) (7.0±26.7) (120.0±35.0) (0.4±16.0) (2.2±17.2) (-0.3±24.6)
glucose, mmol/L 10.5±2.8 -2.1±2.6 -1.7±3.0 -0.6±3.3 11.1±2.6 -0.6±2.3 -0.5±2.7 -0.6±3.4
(mg/dL)† (189.0±49.7) (-38.7±47.0) (-30.9±54.7) (-11.2±59.8) (199.4±47.2) (-10.7±42.0) (-8.2±49.5) (-10.9±61.6)
insulin, pmol/L 28.5±15.5 -8.5±12.5 -4.5±17.4 -4.9±11.9 28.0±18.2 -3.1±11.1 -1.8±10.5 -2.5±12.6
HbA1c, %†‡ 8.76±1.43 -1.04±1.03 -0.87±1.29 -0.24±1.52 8.82±1.24 -0.31±1.07 -0.22±1.30 -0.20±1.30
*Data are given as meand±SD.  SBP indicates systolic blood pressure, DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; and HbA1c, glycosylated haemoglobin.
†p<0.05 for the difference between diets over time. ‡Measured as a percentage of total haemoglobin
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Metz et al (2000) continued

Results

Changes in reported macronutrient intake in study participants consuming the prepared meal plan and the usual care diet for cohort 2

Macronutrient intake Prepared meal plan Usual-care diet
Baseline Week 52 Change Baseline Week 52 Change

(n=56) (n=39) (n=39) (n=63) (n=47) (n=47)
energy, kJ/d (kcal/d) 8920±3020 6415±2026 -2180±2357 9198±2585 7797±4263 -1367±3611

(2132±722) (1533±484) (-521±563) (2198±618) (1863±1019) (-327±863)
energy from protein, % 17.5±4.0 19.3±3.4 1.3±3.4 17.0±3.5 18.4±4.3 1.2±3.7
energy from carbohydrate, %† 48.5±8.2 54.0±9.1 5.9±10.2 47.9±7.1 49.8±9.7 1.6±10.0

energy from fat, %† 35.2±7.2 27.6±8.6 -7.4±9.0 35.4±6.5 32.3±8.5 -2.8±8.3
energy from saturated fat, %† 11.8±2.9 9.0±2.8 -2.6±3.5 11.4±2.6 10.6±3.6 -0.6±3.5
cholesterol, mg† 306±155 181±124 -114±179 318±120 269±230 -30±231

*Data are given as mean±SD †p<0.001 for the difference in the nutrient change over time between diets

12 weeks 26 weeks 52 weeks

weight loss from baseline prepared meal 4.7±4.0 5.5±6.4 3.0±5.4
usual-care diet 1.3±2.5 1.5±3.2 1.0±3.8

between groups p<0.001
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Diabetes lifestyle - diet

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Milne et al (1994) Long-term
comparison
of 3 dietary
prescriptions
for NIDDM

T1: diet group (weight
management)
T2: modified lipid
T3: high
carbohydrate/fibre

Secondary
and primary
care
(New
Zealand)

T1: 21
T2: 22
T3: 21

(70 initially
randomised
distribution
not reported)

(an average 3
months with
recruitment)

Inclusion: no major illness apart from
NIDDM

Exclusion: not reported

T1: 58±2
T2: 59±2
T3: 60±2

T1: 9/12
T2: 10/12
T3: 10/11

18 months

At 27 months 43
participants
released

Nutrient intakes
weight
blood lipids
HbA1c

Results

Recruitment Randomisation Average month 1 to Average month 9 to Repeated measure
month 6 month 18 ANOVA

Weight (kg) weight-management 79.1±2.6 78.3±2.6 79.8±2.7 79.8±2.7
modified-lipid 82.8±3.3 83.1±3.6 82.1±3.2 82.1±3.2
high-carbohydrate 80.9±2.6 80.8±1.7 80.7±1.7 80.7±3.0
all 81.0±1.7 80.8±1.7 80.5±1.7 80.5±1.7 NS

GHb (%) weight-management 9.5±0.43 9.0±0.44 8.3±0.38 8.9±0.54
(HbA1c) modified-lipid 10.9±0.79 9.8±0.65 9.5±0.56 9.7±0.56

high-carbohydrate 9.4±0.52 8.7±0.49 8.5±0.44 8.5±0.44
all 10.0±0.35 9.2±0.31 8.8±0.27 9.1±0.30 p<0.001

TC (mM) weight-management 6.7±0.27 6.4±0.29 6.2±0.21 6.1±0.18
modified-lipid 6.4±0.24 6.0±0.20 5.9±0.14 5.7±0.15
high-carbohydrate 6.8±0.27 6.6±0.33 5.9±0.26 6.2±0.20
all 6.7±0.15 6.3±0.16 6.0±0.12 6.0±0.12 p<0.001

LDL-cholesterol (mM) weight-management 4.5±0.26 4.5±0.28 4.2±0.22 4.2±0.14
modified-lipid 4.0±0.24 4.2±0.20 3.8±0.14 5.7±0.15
high-carbohydrate 4.4±0.24 4.2±0.31 3.8±0.24 4.0±0.19
all 4.3±0.14 4.2±0.15 3.9±0.12 3.9±0.10 p<0.001

HDL-cholesterol (mM) weight-management 1.42±0.07 1.24±0.05 1.31±0.04 1.18±0.05 p<0.001
modified-lipid 1.44±0.07 1.15±0.10*† 1.33±0.10 1.22±0.06 p=0.0001
high-carbohydrate 1.33±0.06 1.23±0.07 1.30±0.10 1.20±0.06 p=0.05
all 1.40±0.04 1.21±0.03 1.32±0.03 1.20±0.03 p=0.0001

TG (mM) weight-management 2.0±0.27 1.7±0.24† 1.9±0.24† 1.6±0.15† p=0.04
modified-lipid 2.1±0.22 1.8±0.29† 2.0±0.20† 2.0±0.19 NS
high-carbohydrate 2.7±0.25 2.5±0.34 2.8±0.34 2.4±0.21 NS
all 2.3±0.14 2.0±0.17 2.2±0.16 1.9±0.11 p<0.01

Data are means ±SE, *significantly lower than the weight-management group at the 95% level, †significantly lower than the high-carbohydrate at the 95% level
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Diabetes lifestyle - diet

Milne et al (1994) continued

Results

Average nutrient intakes

During study Months 1-6 Months 9-18

Energy (kJ) weight-management 5382±164 5481±218 5289±246
modified-lipid 5941±271 5894±408 6001±338
high-carbohydrate 5621±215 5554±252 5702±366

CHO (% of energy) weight-management 48.9±1.1 50.4±1.5 47.6±1.6
modified-lipid 44.5±1.1*† 43.1±1.5*† 46.4±1.6
high-carbohydrate 47.2±1.1 47.8±1.4 46.6±1.6

Fat (% of energy) weight-management 32.3±1.0‡ 31.1±1.4‡ 33.6±1.4
modified-lipid 35.7±1.0 37.0±1.4 33.9±1.3
high-carbohydrate 31.5±0.9‡ 30.7±1.2‡ 32.4±1.5

Data are means ±SE,  *significantly lower than the weight-management group at the 95% level, †significantly lower then the high-carbohydrate group at the 95% level, ‡significantly lower than the modified-lipid group at the 95% level

Recruitment Randomisation Average month 1 to month 18 Follow-up Repeated measure ANOVA

Weight (kg) 79.9±2.1 79.8±2.1 79.4±2.0 79.4±1.9 NS
GHb (%) 9.9±0.48 9.3±0.48 8.9±0.4 9.2±0.54 p = 0.2
TC (mM) 6.6±0.18 6.4±0.21 6.0±0.11 6.0±0.16 p = 0.0002
LDL-cholesterol (mM) 4.2±0.19 4.4±0.20 3.9±0.11 3.8±0.15 p = 0.002
HDL-cholesterol (mM) 1.41±0.05 1.25±0.04 1.27±0.03 1.23±0.06 p = 0.0009
TG (mM) 2.2±0.19 1.8±0.21 2.0±0.16 2.1±0.24 NS
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Diabetes lifestyle - diet

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Pi-Sunyer et al (1999) Cardiovascular
Risk
Reduction
Dietary
Intervention
Trial

T1: CCNW meal
program
T2: self-selected diet

nutrition prescription
by Harris-Benedict
equation

10 medical
centers
USA and
Canada

T1: 100
T2: 102

4 week run-in

Inclusion: age 25-70, Type 2 diabetes
treated with diet or oral hypoglycaemic,
BMI ≤42 kg/m2

Exclusion: chronic life threatening
diseases, history of alcohol or substance
abuse, women who were pregnant,
lactating, or not practising birth control

55±8.9

Male 49%
Female 51%

White 83%
Black 11%
Asian/Pacific 6%
Islander/Hispanic/
Native American

10 week
intervention

Body weight
BMI
fasting plasma glucose
serum insulin
fructosamine
HbA1c

serum lipids cholesterol
triglycerides
HDL
LDL
VLDL

blood pressure
food meals

Results

Baseline Change
CCNW SSD CCNW SSD

weight (kg) 92.2±17.0 95.0±17.3 -3.4±3.1a -2.9±2.8a

BMI (kg/m2) 31.8±4.8 32.1±4.6 -1.2±1.1a -1±1.0a

BP sitting SBP 132.9±15.0 135.3±11.8 -5.7±8.6 -4.2±5.2a

DBP 82.1±8.3 84±7.8 -4.5±8.7 -3.1±4.6a

CCNW diet SSD diet
Baseline Treatment Baseline Treatment

plasma glucose (mmol/L) 10.6±3.3 (97) 8.9±3.2 (92)a 11.4±3.2 (101) 9.7±3.0 (100)a

HbA1c (%) 8.8±1.6 (96) 7.8±1.5 (92)a 8.9±1.6 (101) 8.2±1.6 (100)a

fructosamine (µmol/L) 316±56 (93) 289±59 (87)a 327±64 (97) 306±72 (94)a

insulin (pmol/L) 112±77 (94) 91±53 (88)b 127±122 (97) 103±73 (97) b

Data are means±SD (n).  Sample sizes differ because of variations in specimen quality or quantity.

CCNW diet SSD diet
Baseline Treatment Baseline Treatment

n 100 95 102 100
triglycerides 2.65±1.73 2.59±2.29 2.39±1.54 2.17±1.44c

cholesterol 5.64±0.85 5.44±0.88c 5.37±0.81 5.11±0.77d

VLDL cholesterol 1.22±0.79 1.19±1.05 1.10±0.71 0.99±0.66c

HDL cholesterol 1.05±0.29 1.02±0.29b 1.04±0.27 1.01±0.24b

LDL cholesterol 3.36±0.94 3.26±0.85 3.22±0.74 3.09±0.72c

Data are means±SD and are given in millimoles per litre.
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Diabetes lifestyle

Pi-Sunyer (1999) (continued)

Results

CCNW diet SSD diet
Baseline Treatment Baseline Treatment

n 100 94 102 101
energy (kcal) 1,917±565 1,655±3.57b 2160±706 1679±442
percent carbohydrate 49±6.9 61±4.2 46±6.5 55±7.0
percent protein 18±2.8 20±1.6 18±3.2 19±2.5
percent fat 34±6.8 18±3.6a 36±6.3 27±6.9
percent saturated fat 11±3.0 6±1.3c 12±2.8 8±2.8
cholesterol (mg) 280±141 114±50 331±161 202±86

ap<0.0001, bp<0.05 within diet groups for treatment vs baseline, cp<0.01, dP<0.001
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Diabetes lifestyle - diet
Author (s) Study Type of intervention Setting and

location
Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Uusitupa M et al (1993) Maintenance
of improved
metabolic
control after
intensified
dietary
therapy in
recent onset
NIDDM

T1: intensified diet
therapy (2 months
clinic, with
individually planned
energy restriction and
diet education)
T2: conventional
treatment (local health
centres 2-3 monthly)

5 rural and 1
urban health
centres in
Kuopia,
Finland

T1: 40
T2: 46

(3 month run
in)

Inclusion: newly diagnosed NIDD with
fasting venous whole blood glucose
≥6.7 mmol/L, age 40-64

Exclusion: IDDM, alcohol abuse, cancer

T1: male 50.7±7.7
female 53.7±6.3

T2: male 54.0±6.6
female 54.4±6.4

T1: male 21 52%
female 19 48%

T2: male 28 61%
female 18 39%

ethnicity not
reported

Intervention 1
year

Follow-up 2 years

BMI,
fasting blood glucose,
HbA1c

blood pressure
serum lipids

Results

Time (months) Intervention group Conventional treatment group
Diagnosis 0 3 15 27 Diagnosis 0 3 15 27

Body weight (kg)
men 91.8±10.7 (n=20) 95.1±10.3 (n=26)
women 83.1±14.2 (n=18) 84.8±18.1 (n=18)

Body mass index (kg/ml2) 33.2±5.5 32.0±5.2 31.4±5.0a 31.9±5.0 32.7±4.8 31.6±4.8 31.9±4.6 32.2±4.5
Fasting blood glucose (mmol/l) 11.3±4.6 7.6±2.4 6.6±1.9 6.2±1.8 7.1±2.4 11.7±3.6 8.9±3.3 7.5±2.9 7.5±2.2 8.2±2.3
(adjusted) (7.0) (6.4)b (7.4) (7.2) (7.3)c (8.0)
 HbA1c (%) 8.4±2.2 7.1±1.8 6.6±1.6 7.2±1.9 9.0±2.6 7.8±2.0 7.5±1.7 8.0±1.6
(adjusted) (7.4) (6.7) (7.4) (7.8) (7.3)d (7.9)
HbA1c ≤7.0% 55.3%
Blood pressure (mmHg)

systolic 148±18 140±16 137±16 146±19 149±23 143±19 144±18 150±22
diastolic 91±13 87±11 83±9 88±10 88±12 86±9 85±9 87±9

Total cholesterol (mmol/l) 6.3±1.4 6.1±1.2 6.0±1.0 6.4±1.3 6.5±1.1 6.3±1.0 6.4±1.0 6.5±1.1
HDL-cholesterol (mmol/l) 1.07±0.32 1.07±0.25 1.20±0.29e 1.17±0.24 1.12±0.26 1.17±0.29 1.21±0.28 1.19±0.29
Non-HDL-cholesterol (mmol/l) 5.2±1.3 5.1±1.3 4.8±1.0f 5.3±1.1 5.1±1.0 5.2±1.0g

Triglycerides (mmol/l) 2.76±1.60 2.50±1.44 1.96±0.89h 2.34±1.19 2.88±1.67 2.26±1.33 2.33±1.19 2.25±1.25
Apo A1 (g/l) 1.34±0.19 1.38±0.19 1.40±0.19 1.41±0.18
Apo B (g/l) 1.23±0.31 1.13±0.24 I 1.23±0.28 1.26±0.27j

HDL-C/Chol 0.18±0.05 0.20±0.05 I 0.19±0.05 0.19±0.05

At 27 months Intervention Group Control Group p

Drug treatment for diabetes 5/40 (12.5%)k 16/46 (34.8%) 0.0059
Fasting blood glucose ≤6.7mmol 55.3% 31.8% 0.016
HbA1c ≤7.0% 55.3% 31.8% 0.016
a  p=0.005 (within group difference 3 vs 15 months) b  p=0.019 (within group difference 3 vs 15 months) c  p=0.02 (between groups at 15 months) d  p=0.06 (between groups at 15 months)
e  p<0.001 (within group difference 3 vs 15 months) f  p=0.065 (within group difference 3 vs 15 months) g  p=0.087 (between groups at 15 months) h  p=0.003 (within group difference 3 vs 15 months)
h  p=0.003 (within group difference 3 vs 15 months) I  p<0.001 (within group difference 3 vs 15 months) j  p=0.02 (between groups at 15 months) k  p=0.0059
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Diabetes lifestyle - dietary fat intake: meta-analysis

Author Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
randomised

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/Female

Ethnicity

Main outcome measures
(other outcomes)

Hooper et al (2000) What is the effect of reduction or
modification of dietary fat intake on
total cardiovascular mortality and
cardiovascular morbidity over at least 6
months

Systematic review and
meta-analysis

Cochrane library,
Medline, Embase,
CAB abstracts,
SIGLE, CVRCT
registry,
bibliographies, 60
experts, trials up to
mid 1998 except
SIGLE (Jan 1999) and
experts (May 1999)

Meta-analysis by
random effect
methodology meta
regression and funnel
plots

27 R.C.T.

Interventions
stating intention to
reduce or modify
dietary fat or
cholesterol intake
such as would be
expected to result
in improvement of
serum lipid
profile.
Interventions were
dietary advice,
dietary advice and
supplementation
or provided diet.

Interventions for
at least 6 months
or follow-up for 6
months after
advice.  Range of
mean years of
follow-up (0.43-
9.3)

40
intervention
arms

8647 controls
9549
intervention

18,196

Diabetes not reported except
linoleic enrichment *** (Type
1) and Oxford retinopathy
(newly diagnosed Type 2)

Repeated in individual trials

Reported in individual trials

Not reported

Total mortality
cardiovascular (CV) mortality
combined cardiovascular (CV) events
(cardiovascular death, non-fatal MI, stroke, angina,
heart failure, peripheral vascular disease, angioplasty,
coronary artery bypass grafts)
quality of life

Results

Outcomes
Rate ratio 95% CI

total mortality 0.98 (0.86-1.12)
CV mortality 0.91 (0.77-1.07)
combined CV events 0.84* (0.72-0.99)

Sensitivity analysis (omitting Oslo diet-heart) *p<0.05

total mortality 1.02 (0.91-1.14)
CV mortality 0.94 (0.79-1.11)
combined CV events 0.86 (0.72-1.05)
mean follow-up 2 years or less 0.96 (0.75-1.23)

2 years or more 0.77* (0.62-0.96)
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Diabetes lifestyle - dietary fat intake: meta-analysis

Hooper et al (2000) continued)

Results

Subgroups
Total mortality (95% CI) Combined CV event

Duration of follow-up
trials less than 2 years follow-up 1.04 (0.90-1.21) 0.96 (0.75-1.23)
trials more than 2 years follow-up 0.93 (0.75-1.15) 0.76* (0.05-0.90)
in (rate ratio v mean follow-up time store -0.096 (0.19-0.002)

Cardiovascular risk
low CV risk 1.01 (0.89-1.16) 0.82 (0.56-1.20)
high CV risk 0.97 (0.76-1.25) 0.84* (0.70-0.99)

Intervention
dietary advice only 1.03 (0.79-1.34) 0.79 (0.51-1.23)
dietary advice plus supplement 0.92 (0.57-1.50) 0.79 (0.62-1.00)
diet provided 1.02 (0.89-1.16) 0.89 (0.68-1.16)

Meta-regressions
in (rate ratio) vs difference in % energy to fat 0.015 (-0.009-0.039) 0.004 (-0.012-0.021)
in (rate ratio) vs difference in serum total cholesterol 0.297 (-0.141-0.734) 0.297 (-0.094-0.689)

*p<0.05
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Diabetes lifestyle  - diet protein restriction

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Pijls et al (2000) Protein
Restriction in
Type 2
diabetes
mellitus

T1: dietary guidance
on reduction of protein
to 0.8g/kg (0, 1, 3, 6,
9, 12)
T2: usual care

Diets isocaloric and
both had counselling
on saturated fat
restriction

Primary care,
Netherlands

T1: 81
T2: 79

Inclusion: Type 2 diabetes mellitus,
primary care, less than 79 years old, and
a) microalbuminuria, relatively high
albuminuria or diabetes ≥5years and
b) protein intake ≥0.8 g/kg/d

Exclusion: period of recovery from
severe morbidity, protein losing
enteropathy, venous leg ulcer, pressure
ulcer, malignancy, psychiatric or serious
psychological problems

T1: 65±10
T2: not stated

T1: male 66%
female 34%

T2: not stated

Not stated

Intervention 12
months

Adherence to diet (urinary urea
excretion)
HbA1c

body weight
BMI
hypertension

Results

Data presented at 12 months T1=59, T2=66

Mean changes (g/day mean±SD) in protein intake
Difference between changes

Months Experimental (E, n=59) Control (C, n=66) in E and C (''E-''C)

0 93±19 93±20
' 3 - 0 -3.2±20
' 6 - 0 -3.3±15 +4.4±17 -7.6±2.7*

' 12 - 0 -2.8±18 +1.1±17 -3.9±3.1

*p=0.006, p values are listed if p≤0.20

Characteristics*† of patients in T1
Adherence: decrease‡ Non-adherence: decrease‡

>5g/d (n=28) <5g/d, or increase (n=31) p values†

HbA1c (%) 7.7±1.4 7.6±1.3 -
body weight (kg) 83±15 79±14 -
BMI 27.3±3.8 27.3±4.4 -
hypertension - not presented

*mean±SD or median (25; 75%) or percentage; baseline values unless stated otherwise
only listed if p≤0.20
mean intake during 12 month follow-up minus baseline intake, estimated from urinary urea excretion

Linear regression model for predictions of adherence, p>0.2, p≤0.2 BMI baseline, baseline diet satisfaction, living alone explain 11% of the variation.
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Diabetes lifestyle – diet - dietary fibre

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Rodríguez-Morán et al (1998) Lipid and
glucose
lowering
efficacy of
plantago
psyllium in
Type 2
diabetes

T1: plantago psyllium
(dietary fibre 5g t.d.s)
T2: placebo
immediately before
meals

Both groups
maintained established
diet

Primary care,
Mexico

T1: 62
T2: 63

(6 week pre-
treatment run-
in)

Inclusion: Type 2 diabetes, 30-75 years,
6 week dietary counselling

Exclusion: receiving lipid lowering
drugs, corticosteroids, other soluble
fibre treatment, clinically significant
renal, hepatic, gastrointestinal or
primary disease

T1: 56.5±6.1
T2: 57.0±4.1

T1: male 41.7%
female 58.3%

T2: male 47.6%
female 52.4%

ethnicity not
reported

6 weeks Fasting plasma glucose
total plasma cholesterol
LDL cholesterol
HDL cholesterol
triglycerides
body weight

Results

Week 0 Week 12
Placebo Psyllium Placebo Psyllium p value

Weight
weight (kg) 73.3±8.6 70.6±13 73.9±8.2 70.5±13.1 NS

Plasma glucose (values read from graph not presented) significant reduction
glucose mmol/l 11.0 10.66 10.27 7.77 p<0.01

Total Fat
Week 0a Week 6b Week 12c

Parameter Placebo Psyllium p Placebo Psyllium p Placebo Psyllium p

total cholesterol (mmol/l) 6.0±1.32 5.72±1.27 NSd 5.82±1.29 5.43±0.88 NSd 5.56±1.47 5.04±1.08 0.03d

low-density lipoprotein cholesterol (mmol/l) 4.06±1.37 3.78±1.21 NSe 3.98±1.03 3.65±1.29 NSe 3.62±1.27 3.05±0.88 0.01e

high-density lipoprotein cholesterol (mmol/l) 0.83±0.26 0.88±0.57 NSe 0.90±0.28 0.88±0.59 NSe 0.90±0.26 1.32±0.75 <0.0001e

triglycerides (mg/L) 2.26±1.47 2.10±1.07 NSe 2.2±1.24 1.78±0.90 NSe 2.08±1.07 1.55±0.60 0.005e

abaseline values
bvalues at the end of diet counselling and beginning of treatment
cvalues at the end of psyllium treatment
dtwo-tailed unpaired Student t test
eMann-Whitney U test
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Diabetes lifestyle - diet (prepared meal plan vs usual care)
(nutrition education & diet adherence support)

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Haynes et al (1999) Cardiovascular
Risk
Reduction
Dietary
Intervention
Trial

T1: prepared meal
plan CCNW (nutrition
education and diet
adherence support at
weeks 2, 8 and by
telephone at 4, 6)
T2: usual - care
dietary therapy

Both groups nutrition
counselling at week 0

6 medical
centers
(outpatients)
USA and
Canada

T1: 127
T2: 124

NIDDM
T1: 25
T2: 23

(4 week run-
in)

Inclusion: age 25-70, BMI ≤42kg/m2,
one or more of hypertension,
dyslipidaemic, type 2 diabetes

Exclusion: chronic life threatening
diseases, serious abnormality on
physical examination or diagnostic
testing gastrointestinal disorder that
would interfere with absorption or
excretion of dietary product, women
who were pregnant, lactating or not
practising birth control, substance or
alcohol abuse

T1: 51.1±10.3
T2: 53.9±9.5

T1: male 35%
female 65%

T2: male 40%
female 60%

T1 T2
Black 9 3
Hispanic 3 6
Native 2 2
American
Asian/ 2 1
Pacific Islands
White 84 88

10 weeks Blood pressure
plasma lipids cholesterol

HDL
LDL

plasma glucose insulin
HbA1c

weight
homocysteine
compliance

Results

CCNWa meal plan Usual-care diet p value p value
Baseline Change with treatment Baseline Change with treatment within groups between groups

(n=127) mean±SDb (n=122) mean±SEb (n=124) mean±SD (n=121) mean±SE

cholesterolc (mmol/L) 5.70±0.89 -0.41±0.06 5.80±0.74 -0.20±0.04 <0.0001 <0.01
low-density lipoprotein cholesterol (mmol/L) 3.53±0.92 -0.29±0.04 3.61±0.72 -0.10±0.04 <0.0001 <0.001
high-density lipoprotein cholesterol (mmol/L) 1.16±0.33 0±0.01 1.07±0.25 0.03±0.01 <0.05 <0.05
plasma glucosed (mmol/L) 6.9±2.9 -0.7±0.15 6.3±1.9 -0.3±0.12 <0.0001 <0.05
haemoglobin A1c (%) 6.4±1.8 -0.2±0.06 6.2±1.4 0±0.05 <0.01 0.09
sitting systolic blood pressure (mmHg) 129.9±14.8 -5.2±0.9 133.1±14.9 -4.7±0.8 <0.0001 0.67
sitting diastolic blood pressure (mmHg) 83.8±8.4 -3.8±0.5 82.8±8.9 -2.2±0.5 <0.0001 <0.05
homocysteine (µmol/L) 10.8±4.4 -1.3±0.3 11.6±5.0 0.2±0.3 <0.05 <0.01
weight (kg) 92.0±17.2 -5.5±0.3 88.9±16.5 -3.0±0.3 <0.0001 <0.001
aCCNW=Campbell's Center for Nutrition & Wellness, Campbell Soup Co, Camden, NJ.
bActual values are reported as mean±standard deviation.  Change data are reported as mean±standard error.
cTo convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7.  To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.026.  Cholesterol of 5.00 mmol/L=193mg/dL
dTo convert mmol/L glucose to mg/dL, multiply mmol/L by 18.0.  To convert mg/dL glucose to mmol/L, multiply mg/dL by 0.0555.  Glucose of 6.0 mmol/L=108mg/dL

Weight loss goal was not realised for subjects with diabetes.  Full subgroup analysis not presented.  Significant interaction between weight loss and treatment groups for LDL, LDL:HDL ratio and blood glucose.

Nutrient changes between groups T1 T2 p value

estimated energy decrease (kcal/d) male 761±75.0 550±74.6 <0.001
female 423±56.0 461±54.4 <0.001

decrease energy from fat (%) male 12.8±7.0 6.8±7.4 <0.001
female 11.6±6.8 7.0±6.8 <0.001
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Diabetes lifestyle - medical nutrition therapy

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Franz et al (1995) Medical
nutrition
therapy in
NIDDM

T1: PGC (practice
guidelines nutrition
care)
(3 visits during 6 week
period)
T2: BC (basic
nutrition care)
(intervention at entry)

Outpatient
diabetes
centres,
Minnesota,
Florida,
Colorado

T1: 94
T2: 85

completed
also 62
NIDDM
control

Inclusion: newly diagnosed NIDDM or
under treatment for NIDDM, age 38-76
years, free of diabetes complications
(gastroparesis and renal disease), recent
heart attacks or stokes, other serious
acute illnesses (such as cancer or
surgery in the preceding 4 weeks) or an
illness requiring steroid therapy

T1: 56.9±7.6
T2: 55.9±8.0

T1: male 42  45%
female 52  55%

T2: male 37  44%
female 48  56%

Non-Hispanic
white
T1: 81, T2: 92
African-American
T1: 11, T2: 6
Hispanic
T1: 6, T2: 0
Other
T1: 2, T2: 2

Intervention 6
weeks, 6 months
follow-up

Fasting plasma glucose
HbA1c

serum total cholesterol
LDL-C
HDL-C
serum triglycerides
weight
BMI
waist-to-hip ratio
changes in medical therapy

Results

Variable PGC group (n=94) BC group (n=85)
Entry 6 wk 3 mo 6 mo Entry 3 mo 6 mo

Fasting plasma glucose (mmol/L)a 10.2±2.7 8.8±2.4 8.5±2.3 9.1±2.9 9.8±3.0 8.7±2.5 9.2±2.9
0 vs 6 wk*** 0 vs 3 mo*** 0 vs 6 mo*** 0 vs 3 mo*** 3 vs 6 mo**

(n=90) 3 vs 6 mo**

Glycated haemoglobin (HbA1c) (%) 8.3±1.8 7.4±1.2 7.2±1.2 7.4±1.3 8.3±1.9 7.5±1.6 7.6±1.7
0 vs 6 wk*** 0 vs 3 mo*** 0 vs 6 mo*** 0 vs 3 mo*** 0 vs 6 mo***

(n=88) 6wk vs 3mo*** 3 vs 6 mo*

Cholesterol (mmol/L)b 5.6±1.2 Not done 5.3±1.0 5.4±1.0 5.7±1.2 5.4±1.1 5.5±1.1
0 vs 3 mo*** 0 vs 6 mo* 0 vs 3 mo***

LDL cholesterol (mmol/L)b 3.34±1.0 Not done 3.23±0.84 3.25±0.78 3.50±1.0 3.34±0.96 3.51±1.15
(n=85)c (n=85)c (n=89)c (n=79)c (n=76)c (n=75)c

HDL cholesterol (mmol/L)b 1.09±0.31 Not done 1.09±0.33 1.07±0.31 1.14±0.39 1.14±0.39 1.07±0.35
0 vs 6 mo*

3 vs 6 mo**

triglycerides (mmol/L)d 2.57±1.38 Not done 2.18±1.20 2.40±1.24 2.54±2.03 2.38±1.93 2.62±2.05
0 vs 3 mo*** 3 vs 6 mo* 3 vs 6 mo**

Weight (kg) 93.8±19.9 92.3±19.8 Not done 92.4±19.4 93.7±22.2 Not done 92.0±21.2
0 vs 6 wk*** 0 vs 6 mo*** 0 vs 6 mo**

Body mass index 32.9±6.3 32.2±6.3 Not done 32.4±6.2 33.0±6.9 Not done 32.4±6.4
(n=93) (n=91) (n=93)

0 vs 6 wk*** 0 vs 6 mo***

(n=91) (n=93)
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Franz et al (1995) continued

Results

ato convert mmol/L glucose to mg/dL, multiply mmol/L by 18.0.  To convert mg/dL glucose to mmol/L multiply mg/dL by 0.0555.  Glucose of 6.0 mmol/L = 108 mg/dL
bot convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7.  To convert mg/dL cholesterol to mmol/L, multiply by 0.026.  Cholesterol of 5.00 mmol/L=193mg/dL, LDL=low density lipoprotein, HDL-high-density lipoprotein
cnot all LDL cholesterol values could be calculated as some subjects had triglyceride values >4.52 mmol/L (n=85)
dto convert mmol/L triglyceride to mg/dL, multiply mmol/L by 88.6.  To convert mg/dL triglyceride to mmol/L, multiply mg/dL by 0.0113.  Triglyceride of 1.80 mmol/L-159 mg/dL
p<0.05       ** p<0.01       *** p<0.001

Duration of diabetesa Entry 3 months 6 months

>6 months HbA1c

PGC (n=60) 8.1±1.6 7.5±1.3* 7.7±1.2**

BC (n=48) 8.3±1.7 8.1±1.6* 8.1±1.7
<6 months

PGC (n=34) 8.8±1.9 6.8±1.0 6.9±1.1**

BC (n=37) 8.2±2.2 6.8±1.2 6.8±1.3**

aPGC=practice guidelines nutrition case; BC=basic nutrition case
*p>0.05; PCG significantly better compared with BC; ** all significantly better compared with entry-level values

Entry 6 months

Waist to hip ratios T1: PCG no significant change men 0.97±0.06 0.96±0.06
women 0.86±0.06 0.87±0.06

T2: BC no significant change men 0.96±0.07 0.95±0.07
women 0.87±0.07 0.87±0.08

HbA1c T1: PCG 8.3±1.8 7.4±1.3
T2: BC 8.3±1.9 7.6±1.7

Comparison 8.2±1.6 8.4±1.7 p<0.05 PGC and BC vs comparison

Between groups glucose control not statistically significant
lipid levels not statistically significant
weight control not statistically significant
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Diabetes lifestyle – diet (VLCD vs. LCD)
Author (s) Study Type of intervention Setting and

location
Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Wing et al (1994) Year-long
weight loss
treatment for
obese patients
with Type 2
diabetes

T1: VLCD (very low
calorie diet) (400-500
kcal weeks 0-12 and
24-36 then LCD)
T2: LCD (low calorie
diet) (1,000-1,200 kcal
0-48 weeks)
Both groups year-long
behaviour treatment
(weekly meetings)

Primary care,
Pittsburgh,
USA

T1: 45
T2: 48

Inclusion: Type 2 diabetes overweight
(more than 30% or 18kg above ideal
weight) age 30-70

Exclusion: not stated

T1: 52.3±10.7
T2: 51.3±8.7

T1: 15/30
T2: 18/30

Not reported

1 year
intervention
2 years follow-up

Weight loss
HbA1c

fasting plasma glucose
fasting insulin
serum lipids
blood pressure
time off medication

Results

Changes in cardiovascular risk factors and glycaemic control in very low-calorie diet and low-calorie diet conditions (mean±SD)

Low-calorie diet Very-low-calorie diet Time P value of group x time interaction

Cholesterol (mmol/L) prestudy 5.30±0.81 5.41±1.01
6 months 4.73±0.81 5.10±1.22 0.000 NS
1 year 4.99±0.91 5.43±1.14 NS 0.058

LDL cholesterol (mmol/L) prestudy 3.22±0.78 3.30±0.73
6 months 2.91±0.73 3.22±0.99 0.02 NS
1 year 3.09±0.81 3.43±0.96 NS 0.14

HDL cholesterol (mmol/L) prestudy 1.09±0.23 1.12±0.21
6 months 1.14±0.21 1.17±0.23 0.0051 NS
1 year 1.17±0.23 1.25±0.23 0.000 NS

Triglycerides (mmol/L) prestudy 2.54±1.94 2.20±1.33
6 months 1.59±0.89 1.45±0.67 0.000 NS
1 year 1.66±0.93 1.50±0.78 0.000 NS

SBP (mmHg) prestudy 140±15 139±15
6 months 134±17 130±15 0.000 NS
1 year 137±14 133±14 0.000 NS

DBP (mmHg) prestudy 87±11 87±9
6 months 84±13 81±9 0.000 NS
1 year 84±11 79±9 0.000 0.03

HbA1 (%) prestudy 10.5±2.0 10.4±2.0
6 months 8.8±1.8 8.4±2.2 0.000 NS
1 year 9.2±2.0 8.9±2.5 0.000 NS

Fasting plasma glucose† (mmol/L) prestudy 12.18±2.17 12.29±4.39
6 months 9.01±3.00 8.67±3.56 0.000 NS
1 year 9.78±3.28 9.28±3.67 0.000 NS
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Diabetes lifestyle – diet (VLCD vs. LCD)
Wing et al (1994) continued

Results

Changes in cardiovascular risk factors and glycaemic control in very low-calorie diet and low-calorie diet conditions (mean±SD) - continued

Low-calorie diet Very-low-calorie diet Time P value of group x time interaction

Fasting insulin* (pmol/L) prestudy 208±158 201±143
6 months 143±115 115±179 0.000 NS
1 year 122±93 129±122 0.000 NS

*  Fasting plasma glucose levels off medication averaged 13.67 mmol/L at baseline and 10.0 mmol/L at 1 year in LCD condition and 13.3 mmol/L at baseline and 9.67 mmol/L at 1 year in VLCD condition
†  Triglycerides and insulins were log-transformed for analysis
LDL = low-density lipoprotein HDL = high-density lipoprotein SBP = systolic blood pressure DBP = diastolic blood pressure HbA2 = glycosylated haemoglobin NS = not significant

Changes over two-year results in very low-calorie diet and low-calorie diet conditions

Low-calorie diet very-low calorie diet p value

Weight (kg) -5.7 ± 7.9 -7.2  ± 8.0 0.37
HbA1 (%) +0.24 ± 2.4 +0.07 ± 2.22 0.74
Fasting plasma glucose (mmol/L) +0.39 ± 4.67 -1.22 ± 4.56 0.13
Fasting insulin (pmol/L) -74 ± 182 -9 ± 179 0.18
% on diet only 31 55 0.01
Weight loss (kg) (completed data only) 10.5 ± 11.6 14.2 ± 10.3 0.057
BMI decrease (completed data only) 3.7 ± 3.8 5.0 ± 3.8 0.059

HbA1 = glycosylated haemoglobin
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Diabetes lifestyle – VLCD vs LCD(food cravings)

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Harvey et al (1993)
part of Wing et al (1994)

Food cravings
and very low
calorie diet
(VLCD) or
balanced low
calorie diet
(LCD)

T1: low calorie diet
(LCD) (self-selected
diet, 1000-1200 kcal)
T2: very low calorie
diet (VLCD) weeks
1-12, 400-500 kcal, 6
weeks refeeding
followed by LCD

Primary care,
Pittsburgh,
USA

T1: 45
T2: 48

Inclusion: age 30-70, ≥30% or 22.7kg
over ideal body weight, Type 2 diabetes

Exclusion: not stated

51.8±9.6

male: 33 (35%)
female: 60 (65%)

not reported

6 months cravings

Results

Average craving scores

Baseline VLCD 1 VLCD 2 Refeed p values
Group N �� SD �� SD �� SD �� SD Time Time X group

Low-fat protein LCD 42 2.4 0.7 2.2 0.7 2.2 0.8 2.2 0.9 *** **
VLCD 38 2.7 0.6 2.1 0.7 2.2 0.8 2.3 0.8

High-fat protein LCD 42 2.4 0.7 2.0 0.6 2.0 0.7 2.0 0.7 * NS
VLCD 38 2.5 0.7 2.0 0.8 2.0 0.8 2.1 0.8

Complex carbohydrates LCD 42 2.9 0.7 2.7 0.7 2.7 0.8 2.7 0.9 *** *
VLCD 38 3.0 0.6 2.3 0.8 2.3 0.9 2.5 0.8

Other fats LCD 42 2.6 0.8 2.0 0.8 2.1 0.8 2.1 0.9 *** NS
VLCD 38 2.7 1.0 2.0 0.8 2.0 0.8 2.1 0.8

Miscellaneous foods LCD 42 2.4 0.8 2.1 0.7 2.2 0.7 2.2 0.9 *** NS
VLCD 38 2.6 0.9 2.1 0.9 2.1 0.9 2.3 0.9

*p<0.05,   **p<0.001,   ***p<0.001
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Diabetes lifestyle - weight reduction: meta-analysis

Author Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/female

Ethnicity

Brown et al 1996 Are strategies such as behavioural
therapies, exercise, diet, anorectic drugs,
surgery or a combination effective for
promoting weight loss in people with
type 2 diabetes?

Meta-analysis of one group, pre-test/post-test (72%of included
studies); quasi-experimental and experimental studies that assessed
weight loss interventions (dietary, exercise behavioural) in obese
adults with Type 2 diabetes.

MEDLINE (1966-1994); Combined Health Information Database
(1978-1994); Psychological Abstracts (1967-1994); ERIC (1966-
1994) and Dissertation Abstracts (1961-1994)

Effect size calculations adapted for studies that used the one group
pre-test/post-test design.  Pre-test/post-test group means substituted
for control group means and experimental group means,
respectively.  Differences in baseline measures between
experimental and control groups (>2% on pre-test data), effect
sizes calculated from pre-test/post-test change scores for each
group.  Using this procedure, the pooled post-test standard
deviation used to calculate relevant weighted-effect size estimate.

89 included studies. One group pre-test/post-test
(72% of included studies); quasi-experimental
and experimental designs

40% of studies: dietary intervention; 10% of
studies: exercise intervention; 20% of studies:
behavioural intervention; 30% of studies:
anorectic drugs, surgery or combination of
strategies.

Not reported.

1800

Type 2

52 (from 73 studies); range: 29-71 years

49/51% (from 73 studies

4 of 89 studies reported ethnic
breakdown

Main outcomes and results

Weighted-effect size estimates for major intervention strategies
(Intervention (s) and Outcomes (effect sizes ±SD))

Diet only Exercise only Behaviour + Diet Behaviour + Exercise Behaviour + Diet + Exercise

Ideal body weight 0.71±0.53*

BMI 0.63±0.26* 0.46±0.41 0.39±0.27*

Serum insulin 0.70±0.42* 0.27±0.19 0.95±0.61*

Fasting blood sugar 1.76±0.59 0.34±0.23* 0.48±0.33*

Cholesterol 0.62*±0.43 0.06±0.36 0.25±0.33 no value given 0.11±0.30
HDL 0.17±0.37 0.02±0.57 0.12±0.46 0.00±0.21
LDL 0.12±0.30
Triglycerides 0.56±0.40* 0.20±0.49 0.41±0.41* 0.31±0.20*

Systolic blood pressure 0.79±0.16* -0.12±0.09 0.72±0.76*

Diastolic blood pressure 0.72±0.30* 0.00±0.50

Note: Effect sizes reflect the weighted effect size estimate on a homogenous set of studies.  Lack of studies of diet plus exercise did not allow analyses of this combination strategy.
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Diabetes lifestyle - weight reduction: meta-analysis

Brown et al (1996) continued

Main outcomes and results

Weighted-effect size estimates for dietary intervention strategies

Outcomes (weighted effect size estimates ±SD) ADA diet VLCD PSMF diet Other

ideal body weight 0.69±0.30*

mean body weight 0.46±0.12 0.55±0.27* 1.10±0.40* 0.65±0.67*

BMI 1.20±0.49*

glycosylated haemoglobin 1.17±0.39*

serum insulin -0.06±0.38 0.94±0.33
fasting blood sugar 1.73±0.32 1.84±0.65 1.17±0.39*

cholesterol 0.69±0.46 * 0.39±0.27
HDL 0.09±0.41
triglycerides 0.55±0.16* 0.61±0.42* 0.41±0.60

Note: Effect sizes reflect the weighted effect size estimate on a homogenous set of studies.  ADA: American Diabetes Association diet.  VLCD: Very-low calorie diets.  PSMF: Protein sparing modified fast diets.

Weighted-effect size estimates for  outcomes based on age (Intervention (s) and outcomes (weighted effect size estimates  ±SD))
<55 years of age ≥55 years of age

ideal body weight 0.55±0.61 (13)* -
mean body weight overall 0.54±0.44 (44) * 0.32±0.32 (20) *

diet only 0.72±0.38 (22) * 0.42±0.42 (8) *

behaviour only 0.24±0.26 (6) 0.31±0.51 (4) *

exercise only 0.35±0.48 (5) * 0.13±0.14 (3)
BMI 0.23±0.57 (15) * 1.01±0.68 (6) *

glycosylated haemoglobin overall 0.78±0.63 (27) * 0.67±0.36 (13) *

diet only 1.50±0.55 (12) * 0.73±0.37 (4) *

behaviour only 0.38±0.54 (5) * 0.82±0.22(4)'
serum insulin 0.61±0.69(21)' 0.41±0.18(6)'
fasting blood sugar 1.15±0.17(40)' 0.89±1.12(12)'
2-h postprandial blood sugar 0..52±0.87(6)' 0.33±0.35(3)'
cholesterol total cholesterol 0.23±0.41(23)' 0.53±0.52(11)'

HDL 0.16±0.29(12) 0.15±0.51(7)
triglycerides 0.30±0.42(21)' 0.46±0.39(10)'
systolic blood pressure 0.56±0.36(5)' 0.46±0.48(5)'
diastolic blood pressure 0.69±0.53(4)' 0.68±0.57(6)'

Data are means ± SD (number of studies contributing) and are weighed-effect size estimates. *P<0.05
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Diabetes lifestyle - weight reduction: meta-analysis

Brown et al (1996) continued

Main outcomes and results

Effect sizes for outcomes based on time of measurement

Short-term Intermediate Long-term Longitudinal
Outcomes Immediate (1-30 days) (31-180 days) (181-365 days) (>365 days)

ideal body weight 0.66±0.52 (9)* – 0.20±0.80 (5)* – –
mean body weight overall 0.38±0.25 (46)* 0.46±0.46 (13)* 0.23±0.46 (13)* 0.62±0.65 (9)* –

diet only 0.49±0.20 (18)* 0.64 ±0.55 (8)* 0.65± 0.49 (4)* – –
behaviour 0.34 ±0.25 (11)* -0.10± 0.16 (3) 0.17 (3) –
exercise 0.01± 0.19 (5) 0.08 ±0.06 (3) – – –

BMI overall 0.61 ±0.29 (14)* 0.60 ±0.45 (5)* – – 0.43 ±0.47 (6)*

diet only 0.56 ±0.24 (5)* 0.80 ±0.42 (4)* – – –
glycosylated haemoglobin overall 0.58 ±0.39 (28)* 0.73± 0.65 (9)* 0.53± 0.56 (8)* 0.22 ±0.92 (5) –

diet only 0.85 ±0.34 (9)* 1.37 ±0.51 (5)* – – –
behavioural 0.45 ±0.28 (7)* – 0.90±0.46 (4)* -0.06± 0.29 (3) –

fasting blood sugar overall 0.87± 0.96 (35)* 0.95±1.50 (15)* 0.29± 0.63 (11)* 0.81± 1.91 (5)* 0.75± 1.11 (3)*

diet only 1.81±0.54 (14)* 1.70±0.79 (9)* 1.00±0.48 (4) * – –
behavioural 0.42±0.26 (7) * – 0.17±0.30 (5) – –

cholesterol total 0.38±0.43 (23) * 0.27±0.44 (9) 0.35±0.18 (4) – 0.09±0.08
HDL 0.09±0.34 (15) 0.09±0.39 (5) – – –

triglycerides 0.51±0.39 (18) * 0.21±0.46 (8) 0.67±0.48 (4) * – 0.12±0.12 (3)
blood pressure systolic 0.83±0.17 (6) * – – – –

diastolic 1.01±0.30 (7) * 0.81±0.62 (3) * – – –
serum insulin 0.35±0.49 (12) * 0.44±0.46 (10) * – – –

Data are means±SD (number of studies contributing) and are weighted-effect size estimates.  Effect sizes across strategies (overall) are not homogeneous.  Effect size within specific strategies reflect the weighted-effect size estimate on
a homogeneous set of studies. *p<0.05
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Diabetes lifestyle – weight reduction

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Manning et al (1995) Comparison
of four
weight-
reduction
strategies in
overweight
diabetic
patients

T1: individual dietetic
consultation, 6 weekly
for 6 months then 2
monthly
T2: behaviour therapy
group, fortnightly, 3
month then 2 monthly
(physiotherapist,
psychologist and
dietician
T3: as T1 but with
dexfenfluramine
T4: individual dietetic
consultations
combining home and
clinic visits, 6 weekly
for 6 months then 2
monthly, visit 1 and 4
at home and other at
the clinic
T5: control group,
current practice

Secondary
and primary
care

(Dundee)

159
randomised

T1: 37
T2: 38
T3: 37
T4: 35
T5: 58

randomly
selected

Inclusion: diabetes (IDDM and
NIDDM), BMI 28-45, Age 16-70

Exclusion: recorded weight loss of 3kg
in past year, pregnant women, unstable
thyroid, malignancy, known psychiatric
disorders and oral corticosteroids

T1: 57.3
(54.1-60.5)
T2: 58.8
(55.9-61.7)
T3: 54.4
(50.8-58.0)
T4: 55.2
(51.6-58.8)
T5: 53.7
(50.6-56.8)

T1: 16/21
T2: 20/18
T3: 14/23
T4: 20/15
T5: 34/24

1 year Weight
fat mass and mean arm
circumference
HbA1c

change in diabetic medication

Results

Clinic Behavioural Home visits Control

Weight change on "intention to treat" basis
weight change at 3 months (kg) -1.59 (-0.94, -2.24) -1.20 (-0.22, -2.18) -1.69 (-0.93, -2.45) -
weight change at 6 months (kg) -1.70 (-0.9, -2.5) -1.21 (+0.16, -2.48) -1.30 (-0.28, -2.32) -
weight change at 1 year (kg) -1.21 (+0.06, -2.48) -1.82 (-1.51, -2.13) -1.14 (+0.13, -2.41) +1.2 (0.42, -1.98)

Intention to treat
initial HbA1c 7.60 6.04 6.52 -
HbA1c change at 3 months -0.36 (-0.15, -0.77) -0.05 (+0.26, -0.36) -0.34 (+0.05, -0.81) -
HbA1c change at 6 months -0.39 (-0.15, -0.89) +0.11 (+0.44, -0.22) +0.02 (+0.75, -0.43) -
HbA1c change at 1 year -0.01 (+0.47, -0.75) +0.32 (+0.62, -0.20) +0.34 (+1.18, -0.38) +0.96%

Completion
initial HbA1c 7.60 5.90 6.56 -
HbA1c change at 3 months -0.46 (-0.12, -0.60) -0.05 (+0.27, -0.17) -0.38 (+0.01, -0.69) -
HbA1c change at 6 months -0.52 (+1.00, -0.86) +0.11 (+0.35, -0.13) +0.16 (+0.73, -0.29) -
HbA1c change at 1 year -0.14 (+0.44, -0.46) +0.21 (+0.63, -0.01) +0.4 (+0.77, +0.09) -
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Diabetes lifestyle

Manning et al (1995) continued

Results

Patients with change in hypoglycaemic medication Clinic Behavioural Home visits Control

Intention to treat
decrease in medication 2 7 9 3
increase in medication 8 6 7 16

Completion
decrease in medication 3 4 7 -
increase in medication 3 3 6 -

Fat mass in those who completed the study
initial fat mass (kg) 39.3 (35.3, 43.3) 41.7 (39.6, 43.8) 40.1 (37.7, 42.4) -
fat mass change at 3 months (kg) -0.66 (-0.07, -1.25) -0.34 (+0.44, -1.12) -0.23 (+0.20, -0.66) -
fat mass change at 6 months (kg) -1.03 (-0.50, -1.56) -0.54 (+0.44, -1.52) -0.58 (-0.32, -0.83) -
fat mass change at 1 year (kg) -1.25 (-0.41, -2.09) -0.52 (+0.62, -1.66) -0.35 (+0.02, -0.72) not reported

Mid-arm circumference (MAMC) in those
who completed the study

initial MAMC (cm) 22.4 (20.5, 24.3) 24.9 (23.3, 26.5) 25.5 (24.4, 26.6) -
MAMC change at 3 months (cm) +0.20 (+0.67, -0.27) +0.16 (+1.0, -1.23) -0.12 (+0.27, -0.51) -
MAMC change at 6 months (cm) -0.07 (+0.44, -0.58) -0.37 (+0.49, -1.23) -0.32 (+0.09, -0.73) -
MAMC change at 1 year (cm) -0.24 (+0.35, -0.83) -0.33 (+0.77, -1.43) -0.48 (-0.07, -0.89) not reported

mean (95% confidence limits)
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Diabetes lifestyle - physical activity: systematic review

Author Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
randomised

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/Female

Ethnicity

Main outcome measures
(other outcomes)

Kelley D (1999) What effect does physical activity have
on glucose tolerance and on insulin
sensitivity in relation to obesity

Systematic review

Not reported

Not reported

4 RCTs aerobic
exercise

9 non-RCTs

Not reported Not reported

Not reported

Individual studies

Not reported

Not reported

Fasting Insulin

Body composition (BMI)

Results

Study Subjects Change in glucose tolerance Body composite

Obese subjects
Dengel et al 1996 men 60 ± 2 years 31 ± 1% fat fasting insulin - 8% No change
Katzel men 61 ± 1 year BMI = 30 ± 1 fasting insulin no change No change

Lean subjects
Eriksson et al 1998 men and women 60 ± 5 years BMI = 26 ± 0.6 fasting insulin no change No change
Hellénius et al 1995 men 46 ± 5 years BMI = 25.3 ± 2.9 fasting insulin - 14% BMI decreased
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Diabetes lifestyle - exercise

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Blonk et al (1994) Weight
reduction
Type 2
diabetic
patients

T1: intervention
comprehensive
programme (diet,
counselling,
behavioural
modification exercise
training)
T2: conventional
programme (diet and
counselling)

Primary care,
secondary
care (diabetic
outpatients)
The
Netherlands

T1: 30
T2: 30
stratified by
age

Inclusion: BMI >27kg/m2, Type 2
diabetes (WHO criteria) 3 month run-in.

Exclusion: history of angina, heart
failure, intermittent claudication,
proliferative retinopathy, treatment with
subcutaneous insulin, diuretics, ß-
blockers, drugs for hyperlipidaemia and
other drugs affecting carbohydrate
metabolism.

Median age
(range)
T1: 59 (42-69)
T2: 58.5 (29-70)

19/34
36% male
64% female

Not reported.

2 years Body weight, body fat, blood
pressure, waist to hip ratio,
fasting HbA1c

insulin
C-peptide
triglycerides
cholesterol
HDL2-cholesterol

Results

Estimated effects of the comprehensive compared to the conventional programme on clinical variates

Time Comprehensive compared to conventional programme* p

∆ body weight (kg) t = 6 months -2.2 (-4.0, -0.3) 0.03
t = 12 months -0.9 (-3.2, 1.1) 0.34
t = 24 months -1.3 (-3.3, 0.7) 0.21
overall -1.4 (-3.3, 0.4) 0.10

∆ % body fat t = 6 months -0.6 (-2.0, 0.9) 0.41
t = 12 months 0.3 (-0.9, 1.3) 0.62
t = 24 months -0.8 (-2.4, 1.0) 0.38
overall -0.2 (-1.2, 0.9) 0.68

∆ Waist to hip ratio t = 6 months -0.002 (-0.015, 0.012) 0.72
t = 12 months -0.007 (-0.023, 0.010) 0.33
t = 24 months -0.002 (-0.018, 0.016) 0.88
overall -0.004 (-0.016, 0.010) 0.51

∆ systolic blood pressure (mmHg) t = 6 months -5.0 (-14.0, 4.0) 0.21
t = 12 months -1.0 (-9.0, 9.0) 0.87
t = 24 months -5.0 (-4.0, 13.0) 0.31
overall -0.8 (-7.1, 5.2) 0.75

∆ diastolic blood pressure (mmHg) t = 6 months -4.0 (-9.0, 1.0) 0.13
t = 12 months -2.0 (-6.0, 2.0) 0.40
t = 24 months -0.1 (-5.0 5.0) 0.95
overall -2.6 (-5.9 1.2) 0.14

*Results as estimated median difference (95% CI)
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Diabetes lifestyle - weight loss (exercise)

Blonk et al (1994) continued

Results

Estimated effects of the comprehensive compared to the conventional programme on metabolic variates, obtained in the fasting state*

Time Comprehensive compared to conventional programme* p

∆ HbA1c t = 6 months -0.8 (-1.2, -0.2) 0.01
t = 12 months -0.4 (-1.0, 0.2) 0.17
t = 24 months -0.3 (-1.0, 0.6) 0.51
overall -0.4 (-1.0, 0.1) 0.12

∆LQVXOLQ ��8 PO-1) t = 6 months -0.5 (-4.0, 5.0) 0.86
t = 12 months 2.0 (-3.0, 7.0) 0.44
t = 24 months -1.0 (-5.0, 3.0) 0.53
overall -0.4 (-3.5, 2.5) 0.83

∆C-peptide (nmol l-1) t = 6 months -0.05 (-0.26, 0.18) 0.63
t = 12 months -0.03 (-0.24, 0.18) 0.76
t = 24 months -0.03 (-0.23, 0.21) 0.74
overall -0.04 (-0.24 0.12) 0.63

∆triglycerides (mmol l-1) t = 6 months -0.2 (-0.6, 0.2) 0.49
t = 12 months -0.1 (-0.4, 0.3) 0.65
t = 24 months -0.1 (-0.4, 0.4) 0.70
overall -0.1 (-0.4, 0.2) 0.36

∆cholesterol (mmol l-1) t = 6 months -0.4 (-0.7, -0.1) 0.04
t = 12 months -0.4 (-0.8, -0.1) 0.03
t = 24 months -0.2 (-0.7, 0.2) 0.19
overall -0.3 (-0.6, -0.1) 0.05

∆HDL2-cholesterol (mmol l-1) t = 6 months -0.01 (0.10 0.07) 0.76
t = 12 months -0.01 (-0.09 0.08) 0.89
t = 24 months -0.01 (-0.09 0.05) 0.71
overall -0.01 (-0.07 0.03) 0.51

* Results as estimated median difference (95% CI)

Potential predictors of weight loss:
HbA1c β= 1.5 p < 0.01
Energy (%) carbohydrate intake = β= -15.2, p = 0.04
% of obese subjects within family β= -3.9, p=0.03
together explain 43.7% at observed variance at body weight changes.
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Diabetes lifestyle - exercise

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Ligtenberg et al (1997) Physical
training and
metabolic
control in
elderly Type
2 diabetes

T1: physical training
programme
T2: control
programme

Primary care,
the
Netherlands

T1: 30
T2: 28

Inclusion criteria:
Type 2 diabetes (National Diabetes Data
Group criteria), known duration at lease
1 year, BMI > 25kg/m2, treatment with
at least oral hypoglycaemics or insulin,
age >55

Exclusion criteria;
Angina pectoris grade II-IV (NYHA), or
silent ischaemia, autonomic neuropathy,
moderate or severe intermittent
claudication, impaired renal function
(creatinine >150mmol/l), use at me

62±5 years

20/38
34% male
66% female

Not reported

26 weeks Primary:
VO2 max,
fasting blood glucose, HbA1c,
C-peptide, total cholesterol,
VLDL cholesterol,
LDL cholesterol,
HDL cholesterol,
total triacylglycerols,
VLDL triacylglycerols, LDL
and HDL triacylglycerols,
apolipoprotein A1,
apolipoprotein B

Secondary:
waist circumference,
waist/hip ratio,
skin fold thickness,
body weight, energy intake

Results

Laboratory measurement in T1 (n=25) and T2 (n=26)

6 weeks 12 weeks 26 weeks
T1 T2 T1 T2 T1 T2 T1 T2

HbA1c (mean of duplicates%) 8.9 ± 1.0 8.8 ± 1.5 8.9 ± 1.4 9.1 ± 1.9 9.2 ± 1.4 9.4 ± 1.8 8.7 ± 1.1 9.0 ± 1.6
C-peptide fasting (mg/ml) 0.93 ± 0.64 0.97 ± 0.39 0.80 ± 0.52 0.86 ± 0.44
Total cholesterol (mmol/l) 5.9 ± 1.2 5.7 ± 1.0 5.6 ± 1.3 5.7 ± 1.0 5.7 ± 1.1 6.0 ± 1.1* 6.0 ± 1.2 6.0 ± 1.0
VLDL cholesterol (mmol/l) 1.2 ± 0.9 1.1 ± 0.7 1.0 ± 1.1 1.2 ± 0.7 1.1 ± 0.8 1.4 ± 0.9 1.2 ± 1.1 1.3 ± 0.7
LDL cholesterol (mmol/l) 3.7 ± 0.9 3.7 ± 1.1 3.5 ± 0.9 3.6 ± 0.9 3.6 ± 0.8 3.7 ± 1.1 3.7 ± 1.1 3.7 ± 1.0
HDL cholesterol (mmol/l) 0.93 ± 0.2 0.87 ± 0.1 1.0 ± 0.2 0.97 ± 0.2 0.94 ± 0.2 0.90 ± 0.2 1.02 ± 0.2 1.03 ± 0.2
Total triacylglycerols (mmol/l) 2.4 ± 2.4 2.5 ± 1.3 2.2 ± 2.9 2.5 ± 1.5** 2.7 ± 1.7 3.1 ± 1.7 2.6 ± 2.2 2.6 ± 1.2
VLDL triacylglycerols (mmol/l) 1.8 ± 2.3 1.8 ± 1.2 1.6 ± 2.8 1.9 ± 1.4* 2.2 ± 1.6 2.5 ± 1.6 1.9 ± 2.0 1.8 ± 1.1
LDL and HDL triaclyglycerols (mmol/l) 0.61 ± 0.2 0.63 ± 0.2 0.62 ± 0.2 0.7 ± 0.2 0.57 ± 0.2 0.64 ± 0.2 0.73 ± 0.2 0.72 ± 0.2
Apolipoprotein A-1 (mmol/l) 1.4 ± 0.2 1.3 ± 0.2 1.4 ± 0.2 1.4 ± 0.2# 1.5 ± 0.2 1.4 ± 0.2 1.5 ± 0.2 1.4 ± 0.2
Apolipoprotein B (mmol/l) 0.66 ± 0.2 0.66 ± 0.1 0.65 ± 0.2 0.68 ± 0.1* 0.65 ± 0.2 0.68 ± 0.1 0.67 ± 0.2 0.71 ± 0.2

*p≤0.05, **p≤0.01 T1 compared with T2 (MANOVA); #p≤0.05 compared with prestudy (MANOVA)
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Ligtenberg et al (1997)

Results

pre-study post-study p value

T1 T2 T1 T2

Energy intake 7.95 ± 3.0 KJ 7.17 ± 1.7 KJ 8.27 ± 1.7 KJ 6.66 ± 1.8 KJ ≤ 0.01
Protein 80.5 ± 27.5 g/d 72 ± 16.5 g/d 81.6 ± 17 g/d 66.0 ± 19.6 g/d ≤ 0.01
Carbohydrates 180.3 ± 70 g/d 167.2 ± 50.5 g/d 187.3 ± 52.2 g/d 153.5 ± 59.3 g/d ≤0.05

Waist circumference No change, results not shown
Waist/hip ratio No change, results not shown
Skinfold thickness No change, results not shown
Body weight No change, results not shown

pre-study 6/52 p value 26/52 p value

T1 T2 T1 T2 T1 T2

VO2max 21.0 20.8 22.0 19.6 ≤0.001 21.0 18.2 ≤0.01
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Diabetes lifestyle – diet & exercise

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Stevens et al (2001) Trials of
Hypertension
Prevention
(TOHP) II

T1: weight loss
individual session, 14
weekly group
meetings (dieticians)
16 bi-weekly groups,
then monthly (diet
reducing calorie intake
and increase exercise)
18 month - participant
choice
T2: usual care

Multicentre,
USA

T1: 595
T2: 596

Inclusion: overweight adults,
DBP 83-89 mmHg non-
SBP <140mmHg medicated
age 30-54, BMI 26.1-37.4 (male),
24.4-37.4 (female)

Exclusion: current treatment with
medication that might affect blood
pressure, cardiovascular disease,
diabetes mellitus, renal insufficiency ,
current or planned pregnancy

T1: 43.4±6.1
T2: 43.2±6.1

T1: male 63%
female 37%

T2: male 68.3%
female 31.7%

T1: White 78%
Black 17.8%

T2: White 79.5%
Black 17.3%

Intervention 3
years

Primary:
body weight
blood pressure

Secondary:
development of hypertension

Results

6 months 18 months 36 months p value

weight loss (kg) T1: -4.4 -2 -0.2 0.001
T2: 0.1 0.7 1.8

blood pressure (difference in group diastolic BP -2.7* -1.3* -0.9†

means T2-T1) mmHg systolic BP -3.7* -1.8* -1.3‡

risk ratios for hypertension 0.58 (0.36-0.94) 0.79 (0.65-0.96) 0.81 (0.7-0.95)

*p=0.001, †p=0.05, ‡p=0.01

Regression model adjusting for age, sex ethnicity, baseline weight and baseline blood pressure, the overall effect on blood pressure at 36 months was a reduction of 0.35 mmHg in diastolic BP or 0.45 mmHg in systolic BP per kg weight
loss.



Blood glucose management 133

Diabetes lifestyle - diet and activity

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Vanninen et al (1992) Physical
activity and
metabolic
control

T1: (intervention) 2
month outpatient
(physician, dietician
and nurse) printed and
oral instructions for
physical activity - diet
education

T2: standard
treatment

5 rural and 1
urban health
centres in
Kuopio,
Finland

T1: 38
T2: 40

(3 month run
in)

Inclusion: newly diagnosed NIDD with
fasting venous whole blood glucose
≥6.7 mmol/L, age 40-64

Exclusion: not stated

male: 53±7
female: 54±6

male: 45 (58%)
female: 33 (42%)

ethnicity not
reported

12 months BMI,
fasting blood glucose,
HbA1c

serum lipids

Results

Time (months) Intervention group Conventional treatment group
-3 months 0 months 12 months - 3 months 0 months 12 months

BMI (kg m2) men 31.9±3.7 31.1±3.7c 30.5±3.6b 31.2±3.5 30.1±3.1c 30.9±3.3c

women 35.1±3.7 33.4±6.7d 32.6±6.5 35.5±5.9 34.2±6.2d 34.0±5.9
Fasting blood glucose men 8.1±2.7 6.6±2.1c 6.7±2.1 8.1±2.8 6.7±2.2d 7.3±2.2
(mmol l-1) women 6.9±1.6 6.3±1.2b 5.7±1.4a 10.1±4.1 8.5±3.5b 7.2±1.9
HbA1c (%) men 8.5±2.0 7.1±1.5d 7.0±1.9 8.7±2.3 7.3±1.7c 7.4±1.6

women 8.6±2.4 7.1±1.5 6.2±1.0a.b 9.4±3.1 8.1±2.4b 7.2±1.6
Fasting plasma insulin men 167±76 130±96b 187±175 139±99
(pmol 1-1) women 169±69 130±51c 175±94 154±80
Serum cholesterol men 6.5±1.6 6.3±1.2 6.0±1.0 6.4±1.1 6.1±1.0 6.2±1.0
(mmol 1-1) women 6.1±1.1 6.0±1.2 6.0±1.0a 6.5±0.9 6.5±0.8 6.7±0.7
Serum HDL-cholesterol men 1.03±0.34 1.00±0.28 1.11±0.28b 1.10±0.24 1.10±0.24 1.15±0.27
(mmol 1-1) women 1.09±0.29 1.13±0.18 1.25±0.22c 1.19±0.29 1.25±0.36 1.29±0.29
Serum triglycerides men 3.0±1.6 2.9±1.7 2.0±0.9c 2.9±1.9 2.3±1.4 2.3±1.0
(mmol 1-1) women 2.7±1.6 2.1±1.0 2.0±0.9 2.8±1.6 2.3±1.5 2.5±1.6

a  p<0.05 conventional treatment vs intervention group at 12 months b  p<0.05 c  p<0.01 d  p≤0.001 change to previous examination
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Diabetes lifestyle – exercise & weight control
Author (s) Study Type of intervention Setting and

location
Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female  (M/F) ratio

Ethnicity

Follow-up period Main
outcome
measures

Heath et al (1991) Community-
based
exercise and
weight
control

1. Exercise
programme, verbal
counselling written
instruction on
medication, diet and
home exercise

2. Weight loss
competition (time,
nutrition and health
messages) changed
every 2 weeks for 10
weeks

Zuni Indians,
western New
Mexico, USA

1. cases 30
controls 56

2. participants
271

1. NIDDM and attended at least one
exercise session (cases)
NIDDM and no attendance at exercise
session (controls)

1.    cases 42±10 controls 44±10
2. finished  (10 weeks)      32±8
non-finishers                      30±7

1. cases male 20% female 80%
controls male 21% female 79%
2. finished
(10 weeks) 31/218
non-finishers

3/19

all Zuni Indians

1. mean duration
of programme
attendance 37
weeks 1.7
session/wk
average follow-up
50 week (range 4-
102 weeks)

Weight

Results

Mean changes in weight, BMI and fasting blood glucose for participants and non participants in the Zuni Diabetes Project*

Variable Participants (n=30) Non participants (n=56)

weight (kg) -4.09±4.9 -0.91±3.9
BMI -1.50±2.2 -0.40±1.3
fasting blood glucose (mmol/L) -2.38±4.32 -0.11±3.71

*
�±SD.  Between-group differences are statistically significant (p<0.05)

Changes in diabetes medication during exposure to programme
Cases Controls

increased hypoglycaemic medication 3 (10%) 8 (14%)
maintained same dose 8 (27%) 32 (57%)
decreased hypoglycaemic medication 19 (63%) 16 (29%) RR 2.2 (95% CI 1.3-3.7)

Good weight achievers (2.3kg over 10 weeks)
Characteristic Achievers (n=123) Nonachievers (n=126)

age (y) 33.8±8† 31±8‡

males 24 7
females 99 119
years of education 14±3 13±2
initial weight (kg) 75.9±15 69.5±13‡

checklist turned in 97 90
exercise logged in 73 45‡

both checklist turned in and exercise logged 68 44‡

*
�±SD, ‡p<0.01 Nb included in Brown S (1996)
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Patient education: evidence tables
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Behaviour Modification Approach

Randomised controlled trials

Author Origin Setting Diabetes
type

Nos
start:
end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Boehm et
al (1993)

USA n/s Type 2 156:n/s social
cognition

nurse n/s T1: control
T2: compliance
T3: behavioural
strategies
T4: behavioural
strategies with
instruction

HbA1c,

weight

No outcome differences between groups (p>0.05).

2 Campbell
et al
(1990)

Australia n/s Type 2 70:62 cognitive
motivational

multi-
disciplinary

6 mths
to 1 yr

T1: intensive
behavioural
strategies
T2: conventional
didactic approach

fbg, lipids,
weight,
diet

T1: greater improvements in intake of vegetables,
total fat, saturated fat, and fibre (p<0.001, p<0.004,
p<0.001, p<0.0001 respectively).  Greater
improvement in total/cholesterol levels (p=0.007).
T1,T2: significant reductions for BMI (p<0.001)
NS effect in either group for fbg, triglycerides,
HDL-C.

3 Glasgow
et al
(1992*)

USA o/p
clinic

Type 2 102:97 social
learning

multi-
disciplinary

<6 mths T1: self-
management
training
programme
T2: control

HbA1c,

weight,
diet

T1: greater reductions in calorie intake, % of
calories from fat, and weight (p<0.05), significant
decrease in HbA1c (p<0.05) but no difference
across groups.

4 Heitzmann
et al
(1987)

USA n/s Type 2 55:44 behaviour
change

n/s >1yr T1: behaviour
modification

T2: cognitive
modification
T3: 1 and 2
T4: relaxation
(control)

HbA1c,

weight
T1: significantly greater weight loss (p<0.038),
men lost more weight than women regardless of
group (p<0.048).
NS effect in any group for HbA1c , men showed
significantly greater reductions than women
(p<0.05).

5 Kaplan et
al (1985)*

USA n/s Type 2 78:63 n/s multi-
disciplinary

<6 mths T1: diet
T2: exercise
T3: diet and
exercise
T4: control

HbA1c,

weight,

HDL-C

T1: significantly greater improvements in HDL-C
compared to T4 (p<0.01) and to T2 and T3
(p<0.05), also lost significantly more weight than
other groups (p<0.05).
NS effect for HbA1c.

6 Kaplan et
al (1987)*

USA n/s Type 2 76:70 n/s multi-
disciplinary

>1 yr T1: diet
T2: exercise
T3: diet and
exercise
T4: control

HbA1c,

weight,
QoL

T3: greater reductions in HbA1c, and QoL than T4
(p<0.05).
NS effect in any group for weight loss.
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Author Origin Setting Diabetes
type

Nos
start:
end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

7 Laitinen et
al (1993)

Finland o/p
clinic

Type 2 86:86 n/s dietician >1 yr T1: 3 mths basic
education, plus
12 mths intensive
diet therapy
T2: 3 mths basic
education only

HbA1c,

fbg, lipids,
weight

T1: greater improvements in weight loss (p<0.05),
fbg (p<0.05) and HbA1c (p=0.053).
Significant increase in HDL-C (p<0.001) and
significant decrease in triglycerides (p<0.01), no
differences between groups.
NS effect in either group for serum cholesterol.

8 Morgan &
Littel
(1988)

USA patient’s
home

Type 2 60:n/s reinforceme
nt

research asst <6 mths T1: teaching
T2: teaching and
contracting

HbA1c,

fbg,
weight,
knowledge

Significant effect for knowledge and weight for
both groups (p<0.001), no effect for fbg, HbA1c.

9 Pascale et
al (1995)

USA n/s Type 2 44:31 n/s n/s 6 mths
to 1 yr

T1: calorie
restricted diet
T2: calorie and
fat restricted diet

HbA1c,

fbg, lipids,
weight,
diet

T2: significantly greater weight loss than T1 at 16
weeks (p<0.05), at 1 yr the difference was NS.  At
1 yr greater reduction in % of calories from fat
(p<0.01), significant effect for both groups for
HDL-C (p<0.05), NS effect for either group for
fbg and HbA1c.

10 Rabkin et
al (1983)

Canada n/s Type 2 40:38 n/s nutritionist <6 mths T1: behaviour
modification
T2: individual
counselling

fbg, lipids,
weight

T2: significantly greater weight loss than T1
(p<0.01), no other sig differences between groups,
no sig changes in HDL-C, LDL-C for either group.

11 Wierenga
(1994)

USA n/s Type 2 66:n/s behaviour
change

nurse <6 mths T1: behaviour
modification
T2: control

weight,
social
support,
health
status,
health,
practices

T1: significantly greater improvement in self
reported health practices (p=0.015), no other
significant effects.

12 Wing et al
(1985)

USA n/s Type 2 53:50 n/s behaviour
psychologist
nutritionist

>1 yr T1: behaviour
modification
T2: nutrition
education
T3: standard care

HbA1c,

fbg, lipids,
weight

T1: lost more weight than other groups in the first
4 months (p<0.01), but at 16-months NS.  NS
differences between groups on any other
physiological variable.

13 Wing et al
(1986)

USA n/s Type 2 50:45 n/s n/s >1 yr T1: behavioural
weight control
programme plus
blood glucose
self-monitoring
T2: as above, but
no self-
monitoring

HbA1c,

fbg, lipids,
weight,
mood

Both groups lost significant amount of weight and
maintained losses for at least 1 yr (p<0.001), both
groups showed significant decreases in
triglycerides (p<0.01) and improvements in mood
state (p<0.05).  NS changes in HbA1c, fbg, total
/cholesterol.
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Author Origin Setting Diabetes
type

Nos
start:
end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

14 Wing et al
(1988)**

USA n/s Type 2 25:19 n/s n/s 6 mths
to 1 yr

T1: diet and
moderate exercise
T2: diet and
placebo (low
intensity
exercise)

HbA1c,

fbg, lipids,
weight

Significant weight loss in both groups (p<0.01), no
other significant changes.

15 Wing et al
(1988)**

USA n/s Type 2 30:28 n/s n/s 6 mths
to 1 yr

T1: diet plus
exercise
T2: diet only

HbA1c,

fbg, lipids,
weight

T1: greater weight loss (p<0.01).
Significant improvements in both groups for
HbA1c (p<0.002) and fbg (p<0.07).
Significant increase in HDL-C in both groups
(p<0.005), NS effect for triglycerides, significant
increases in total /cholesterol levels in both groups
(p<0.0001).

16 Wing et al
(1991)

USA n/s Type 2 36:33 n/s multi-
disciplinary

6 mths
to 1 yr

T1: behaviour
modification, plus
very low calorie
diet
T2: behaviour
modification

HbA1c,

fbg, lipids,
weight

T1: greater improvements in HbA1c and fbg
(p<0.002).  Significant weight loss and significant
increase in HDL-C in both groups (p<0.001,
p<0.02 respectively).  NS effect in either group for
total cholesterol and triglycerides.

17 Wing et al
(1996)***

USA n/s Type 2 93:75 n/s multi-
disciplinary

6 mths
to 1 yr

T1: behaviour
modification, plus
very low calorie
diet
T2: behaviour
modification

HbA1c,

weight,

exercise,
diet

Weight loss was significantly less in Blacks than
Whites (p<0.02), irrespective of treatment group.
No differences in exercise, diet, HbA1c.

Notes
*Kaplan et al (1985) and Kaplan et al (1987) are the same study, but different outcomes were reported.                 **Wing et al (1988) reported two separate studies in one paper.

*** A sub-group analysis of a previous study (Wing et al 1991) that examines the effects of a behavioural programme on Black and White subjects
Abbreviations

No. : number of subjects commencing : completing study. BMI : body mass index. mths : months.
n/s : not stated. HDL-C: high-density lipoprotein cholesterol. yr : year.
T1, etc : treatment group. o/p : outpatient. fbg : fasting blood glucose.
HbA1c : haemoglobin A1c. QoL : quality of life. asst : assistant.
LDL-C : low-density lipoprotein cholesterol
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Combination of Teaching Methods

Randomised Controlled Trials

Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Agurs -
Collins et al
(1997)

USA o/p clinic Type 2* 64:55 social
action

dietician,
exercise
psychologist

6 mths to
1 yr

T1: group
education,
individual
counselling,
exercise classes
T2: control

HbA1c, lipids,
weight,
diet,
knowledge,
exercise

T1: significantly greater improvements in
weight and HbA1c (p=0.006, p<0.01).
NS effect on lipid profiles, exercise levels,
knowledge, and diet.

2 Anderson et
al (1995)

USA n/s Type1/
Type2

46:45 social
cognition

n/s <6 mths T1: patient
empowerment
programme
T2: control

self-efficacy,
HbA1c

T1: significantly greater gains on 4 of 8 self-
efficacy sub-scales, and 2 of the 5 diabetes
attitude scales.
Also showed significantly greater reductions in
HbA1c (p=0.05)

3 Campbell et
al (1996)

Australia specialist
centre

Type 2 179:123 n/s multi-
disciplinary

6 mths to
1 yr

T1: minimal
instruction
T2: individual
education
T3: group
education
T4: behavioural
programme

HbA1c,
weight,

lipids

NS effects on HbA1c, BMI, total /cholesterol,
HDL-C, no between group differences.
T3 and T4 produced greater increases in
knowledge at 6 mths (p<0.05), but this
difference was NS at 1 yr.

4 D’Eramo
Melkus et al
(1992)

USA n/s Type 2 82:49 n/s n/s 6 mths to
1 yr

T1: education
programme and
1 individual
session
T2: as T1, plus
individual
counselling

T3: usual care
(control)

fbg, HbA1c,

weight
All groups showed a significant weight loss
(p<0.01) and improvement in knowledge
(p<0.01), independent of treatment group.
T1, T2: greater improvements in fbg and HbA1c

(p<0.05).

5 Fernando
(1993)

Sri Lanka diabetes
clinic

Type 2 80:61 n/s nurse 6 mths to
1 yr

T1: structured
education
programme
T2: usual care
(control)

fbg,
knowledge

T1: greater improvement in knowledge scores
and fbg (p<0.01).
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Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

6 Glasgow et
al (1989)

USA n/s Type 2 78:62 n/s n/s <6 mths T1: nutrition
education plus
social learning
T2: nutrition
education
T3: control

HbA1c,

weight,
diet

T1 and T2: greater reduction in their calorie
consumption (p<0.05), NS differences between
2 intervention groups and between intervention
groups and control for weight and HbA1c.

7 Lane et al
(1993)

USA n/s Type 2 38:32 n/s n/s 6 mths to
1 yr

T1: intensive
conventional
education, plus
biofeedback
relaxation
training

T2:conventional
education only

HbA1c Significant improvement in both groups
(p<0.0001), NS difference between groups.

8 Mulrow et
al (1987)

UK diabetic
clinic

Type 2 120:104 n/s nurse 6 mths to
1 yr

T1: group
sessions with
videotapes
T2: group
sessions, no
videotapes
T3: control

HbA1c, weight T1: lost more weight by 7 mths (p<0.05), but
by 11 mths this was NS.
NS changes in HbA1c.

9 Pratt et al
(1987)**

USA n/s Type 2 79:n/s n/s dietician,
group
facilitator

<6 mths T1: education
and peer support
T2: education
only
T3: control

HbA1c,

weight,
peer support

T1: significant weight loss (p<0.05) but NS
difference between groups, higher peer support
levels (p<0.05).
NS changes in HbA1c.

10 Van
Veldhuizen
Scott (1995)

USA diabetes
centre

Type 1/
Type 2

41:41 n/s pharmacist <6 mths T1: SE
T2: SE plus
group session
with pharmacist
T3: SE plus
individual
session with
pharmacist

blood glucose,
weight,
knowledge,
attitudes

T2, T3: significantly lower average weekly
blood glucose (p<0.05), but NS differences
across groups in net percentage change in blood
glucose over study period.
T2, T3: more positive attitude towards diabetes
generally (p≤0.05).
NS differences found on general diabetes
knowledge, but significant increase in
understanding of diabetes medications in T2
and T3 (p≤0.05).
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Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

11 Vinicor et al
(1987)***

USA o/p clinic Type 1/
Type 2

532:275 n/s nurse,
dietician

>1 yr T1: control
T2: patient
education group
T3: physician
education group
T4: physician
and patient
education group

HbA1c, fbg,
weight

T2, T4 versus T1, T3: greater improvements in
HbA1c, fbg, weight (p<0.05).
T3, T4 versus T1, T2: greater improvements in
HbA1c, fbg, weight (p<0.05, p=0.05, p=0.05).
T4 versus T1: larger improvements in HbA1c,
fbg, weight (p<0.01).
Effect sizes: HbA1c=0.55, fbg=0.45,
weight=0.44.

Notes
*Older African American subjects only.
**Same study reported in Wilson W, Pratt C (1987).
***Same study reported in Mazzuca et al (1986).

Abbreviations
No.: number of subjects commencing : completing the study.
o/p : outpatient.
mths : months.
yr : year
HbA1c: haemoglobin1c.
n/s : not stated.
BMI : body mass index.
HDL-C : high-density lipoprotein cholesterol.
fbg : fasting blood glucose.
SE : standard education.
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Combination of Teaching Methods

Controlled Trials, Without Randomisation

Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main outcome
measures

Results

1 Chuang et
al (1985)

Taiwan various Type 2 260:n/s n/s multi-
disciplinary

>1 yr T1: community
diabetes care
programme
T2: usual care

HbA1c, weight,
knowledge

T1: greater increase in knowledge scores
(p<0.01), greater improvements in HbA1c

(p<0.05), and greater weight loss (p<0.05).

2 Domenec
h et al
(1995)

Argentina n/s Type 2 124:79 n/s physician 6 mths to
1 yr

T1: teaching
programme
T2: control

HbA1c, weight,
knowledge

T1: significant improvement in knowledge
(p<0.001) (no between group analysis),
greater weight loss (p<0.01).

NS effect on HbA1c levels.

3 Gilden et
al (1992)

USA diabetes
clinic

Type 2 32:32 n/s multi-
disciplinary

>1 yr T1: education
programme plus
support group
sessions
T2: education
programme only
T3: control

fbg, HbA1c,

knowledge,
psychosocial
factors

T1: scored higher on knowledge (p<0.05),
QoL (p<0.01), and lower pervasive affective
disturbance (p<0.05) than other groups.

T1 and T2: greater improvements in fbg
(p<0.01) and HbA1c (p<0.05), less stress
(p<0.05), greater family involvement
(p<0.05).

4 Tan et al
(1997)

Singapore polyclinic n/s 302:278 n/s nurse,
dietician

>1 yr T1: education
programme
T2: control

HbA1c, fbg,
knowledge

T1: greater improvement in HbA1c (p<0.001).

T1, T2: both groups improved their
knowledge scores (p<0.05), between group
differences not reported.
NS reductions in fbg.

Abbreviations

No.: number of subjects commencing : completing the study.
n/s : not stated.
yr : year
HbA1c: haemoglobin A1c.
mths : months
fbg : fasting blood glucose.
SE : standard education.
QoL : quality of life.
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Didactic Based Approach

Randomised Controlled Trials

Author Origin Setting Diabetes
type

Nos
start:
end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Frost et al
(1994)

UK o/p
clinic

Type 2 60:51 n/s n/s <6 mths T1: standard dietary
advice, emphasis on
low glycaemic
index foods
T1: standard dietary
advice (based on
BDA
recommendations)

fbg, lipids,
fructosamine,

diet

T1: significantly lower mean GI index, lower fat
intake (% total energy), a higher carbohydrate
intake (% total energy) and non-starch
polysaccharide intake (p<0.05), greater
improvement in fructosamine and cholesterol
(p<0.05).
T1: significant improvement in fbg, triglycerides
(p<0.05), no between group differences.
NS effect in either group for LDL-C, HDL-C.

2 Hanefeld et
al (1991)

Germany diabetic
clinic

Type 2 1139:
1008

n/s n/s >1 yr T1: intensive health
education plus
placebo
T2: as T1, plus
clofibric acid
T3: control

fbg, physical
activity,
lipids, weight,
diet,
mortality

T1, T2: greater improvements in fbg, p–s ratio,
physical activity (p<0.01).
No effects seen in cholesterol levels, calorie
intake, % fat in diet, and weight, NS difference in
mortality.
T2: smaller increase in triglycerides (p<0.01).

3 Heller et al
(1988)

UK o/p
clinic

Type 2 87:75 n/s nurse,
dietician

6 mths
to 1 yr

T1: group education
classes
T2: control

fbg , HbA1c,

weight,
knowledge

T1: at 6 mths greater weight loss (p<0.002), at 1
yr difference was less but remained significant
(p<0.05), higher knowledge score (p<0.001), NS
differences in HbA1c and fbg.
Significant association between knowledge score
and weight loss (p<0.01).

5 Hitchcock
Noel et al
(1998)

USA ambulat
ory care

Type 2* 596:430 n/s diabetes
educator

6 mths
to 1 yr

T1: choice of
curriculum,
standard or
nutrition-based
curriculum
T2: no choice,
standard or nutrition
curriculum

HbA1c, lipids,
BMI,
knowledge,
self care,
functional
status

NS outcome differences between choice and non-
choice subjects.
Standard curriculum group achieved greater
improvement in HbA1c, (p<0.05), nutrition group
showed a greater improvement in total
/cholesterol (p<0.05).
No other differences.

4 Miller et al
(1999)

USA n/s Type 2 43:40 Ausubel’s
learning
theory

researcher
(author)

<6 mths T1: group sessions
for women giving
advice and
education on the
interpretation of
food labels

T2: control

knowledge,
confidence in
skills

T1: greater gain in total knowledge (p<0.001),
declarative knowledge (p<0.001), procedural
knowledge (p<0.01), and perceived confidence in
skills (p<0.01).
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Author Origin Setting Diabetes
type

Nos
start:
end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

6 Raz et al
(1988)

Israel o/p
clinic

Type 2 51:49 n/s multi-
disciplinary

6 mths
to 1 yr

T1: a course of 3
lessons, repeated
every 4 mths
T2: control

HbA1c, blood
glucose,
lipids, weight,
knowledge

T1: greater improvement in pre-prandial and post-
prandial blood glucose (p<0.01, p<0.05) and
HbA1c level (p<0.05), and weight loss (p<0.05).
NS differences between groups in knowledge and
lipid profile.

7 Read Wood
et al (1989)

USA hospital Type 1/

Type 2

107:93 n/s nurse,
dietician

<6 mths T1: small group
sessions
T2: usual care

fbg, self
report
diet/exercise

T1: increased exercise levels (p<0.05), NS
differences between groups on diet variables. No
effect on fbg (p=0.10).

8 Trento et al
(1998)

Italy diabetes
clinic

Type 2 120:104 n/s physician,
psycho-
pedagogist

6 mths
to 1 yr

T1:group education
T2: usual care
(control)

HbA1c, fbg,
weight, QoL,
knowledge,
behaviour

T1: significant improvement in knowledge and
self reported behaviour, significant difference
from T2 for behaviour only (p<0.05).
NS differences between groups for weight,
HbA1c, fbg, treatment, QoL.

9 Uusitupa et
al (1993)**

Finland o/p
clinic

Type 2 86:n/s n/s multi-
disciplinary

>1 yr T1: intensified
education
T2: basic education
only (control)

HbA1c,

weight, lipids
T1: greater improvement in weight (p<0.022), fbg
(p<0.02), and apolipoprotein B (p<0.020) at 15
mths
NS difference between groups for HbA1c and
serum lipids.
At 27 months – NS differences between groups
for weight, metabolic control, or lipids.
Greater proportion of T1 in good metabolic
control (fbg ≤ 6.7mmol/l and HBA1c ≤7.0%)
(p=0.016).

11 Vanninen et
al (1992)

Finland o/p
clinic

Type 2 108:78 n/s nurse,
dietician

6 mths
to 1 yr

T1: basic and
intensive education
T2: basic education
only (control)

HbA1c, fbg,
lipids, weight,
aerobic
capacity,
exercise levels

T1: greater improvement than T2 in fbg, HbA1c,
serum cholesterol (p<0.05) (females only).
NS differences between treatment groups for
BMI, aerobic capacity, and physical activity.

Notes
* Study subjects mainly from Hispanic population        ** Same study reported in Uusitupa MIJ (1996)

Abbreviations
No.: number of subjects commencing : completing the study. GI : gastrointestinal
o/p : outpatient. LDL-C : low-density lipoprotein cholesterol
n/s : not stated. HDL-C : high-density lipoprotein cholesterol
mths : months. yr : year
BDA : British Diabetic Association (now known as Diabetes UK) p-s : polyunsaturated to saturated fatty acids.
fbg : fasting blood glucose HbA1c: haemoglobin A1c.

BMI : body mass index.
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Didactic Based Approach
Controlled Trials, Without Randomisation

Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Pieber et al
(1995)

Austria GP
practices

Type 2 107:94 n/s GPs, ‘office
staff’

6 mths
to 1 yr

T1: diabetes
teaching
programme
T2: control

HbA1c,

weight,
knowledge

T1: greater improvements in weight, HbA1c,

triglycerides, cholesterol, and knowledge
(p<0.01, p<0.01, p<0.01, p<0.001, p<0.001)

Abbreviations

No.: number of subjects commencing : completing the study.
GP : general practitioner.
n/s : not stated.
mths : months.
yr : year.
HbA1c : haemoglobin A1c.
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Computer Assisted Learning

Randomised Controlled Trials

Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Glasgow et al
(1997)*

USA o/p clinic Type 1/
Type 2

206:173 n/s researcher 6 mths to
1 yr

T1: touchscreen computer-
assisted dietary assessment
and feedback
T2: usual care (control)

HbA1c,  weight,
behaviour

T1: greater improvement on multiple measures of
dietary behaviour e.g. kcal consumed per day, %
calories from fat, % calories from saturated fat
(p<0.05) and serum cholesterol (p<0.002).
NS between group differences or improvements for
HbA1c levels and BMI.

2 Kim et al
(1991)

USA n/s n/s 24:24 n/s n/s <6 mths T1: educational video, plus
computer based test
(provided corrective
feedback, plus additional
information)
T2: as above, computer test
gave corrective feedback
only

knowledge T1 showed significantly better performance in post-
test knowledge than T2 (p=0.005).

3 Lo et al
(1996)

Australia primary
health
care
centre

Type 1/
Type 2

36:n/s n/s n/s <6 mths T1:computer-aided
learning in diabetes
management
T2:conventional diabetes
education

HbA1c,

knowledge
Significant improvement in knowledge for both
groups (p<0.01–0.05).
T1: greater improvement in HbA1c (p<0.001)

4 Turnin et al
(1992)

France n/s Type 1/
Type 2

105:95 n/s n/s 6 mths to
1 yr

T1: ‘Diabeto’, a computer
based diet education
system
T2: control for 6 mths, then
used Diabeto, acting as
their own controls

HbA1c, weight,
knowledge, diet

T1: greater increase in dietetic knowledge
(p<0.0001).
Significant improvements in eating habits e.g. fat
intake (p<0.05), NS improvements in T2, but no
between group analysis.
NS changes in either group for weight or HbA1c.

5 Wise et al
(1986)

UK diabetic
clinic

Type 1/
Type 2

174:172 n/s n/s <6 mths T1: control
T2: x2 knowledge
assessment computer
programmes
T3: as T2, plus prescriptive
feedback
T4: as T2, plus interactive
computer teaching package

HbA1c,

knowledge
T3, T4: significant improvement in knowledge in
Type 1 and Type 2 patients (p<0.05 – 0.01).
T2, T3, T4: Type 1 patients demonstrated
significant decreases (p<0.05) in HbA1c levels, in
Type 2 patients significant decreases were seen
only in T2 and T3 (p<0.05 – 0.01).
No analysis across groups.

Notes
*Same study reported in two other papers:
Glasgow RE, Toobert DJ, Hampson SE (1996) Effects of a Brief Office-Based Intervention to Facilitate Diabetes Dietary Self-Management.  Diabetes Care; .19 (8):  835-842.
Glasgow RE, Toobert DJ, Hampson SE, Noell JW (1995) A Brief Office-Based Intervention to Facilitate Diabetes Dietary Self-Management.  Health Education Research: Theory and Practice; 10 (4):  467–478.
Abbreviations
No. : number of subjects commencing : completing the study. n/s : not stated yr : year kcal : kilocalories
o/p : outpatient. mths : months HbA1c : haemoglobin A1c
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Telephone Delivered Education

Randomised Controlled Trials

Author Origin Setting Diabetes
type

Nos
start:
end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Kirkman et
al (1994)*

USA primary
health
care
centre

Type 2 275:251 n/s nurse 6 mths
to 1 yr

T1: telephone
delivered
intervention that
emphasised
understanding
of and
compliance with
treatment
T2: control.

weight,
lipids,
smoking,
diet,
exercise

NS changes in weight, lipid profile, diet, or
exercise.
T1: 11 out of 42 smokers self reported stopping
smoking, no smokers in T2 (p=0.033).
When self report verified by CO measurement
only 4 out of 42 (p=0.231) (NS).

2 Weinberger
et al
(1995)*

USA primary
health
care
centre

Type 2 275:251 n/s nurse 6 mths
to 1 yr

T1: telephone
delivered
intervention that
emphasised
understanding
of and
compliance with
treatment
T2: control

HbA1c, QoL T1: greater improvement in HbA1c (p=0.046) and
fbg (p=0.011).
NS differences between groups on QoL and
diabetes-related symptoms.

3 Tu et al
(1993)

USA diabetes
clinic

Type 2 31:27 n/s researcher <6 mths T1: telephone
follow-up to
recently
discharged
patients
T2: control

HbA1c,

knowledge,
self care,
behaviour

T2: significantly more subjects reported irregular
practice in the areas of: blood glucose
monitoring, record keeping, prevention of
hypoglycaemia, adherence to dietary regime,
modification of physical activities, reporting
symptoms, seeking assistance from health
professionals (p<0.01–0.05).
NS differences between groups on knowledge or
HbA1c (no pre-intervention scores provided for
either variable).

Notes
*Same studies, but different outcome measures reported.

Abbreviations
No.: number of subjects commencing : completing the study. HbA1c: haemoglobin A1c.

n/s : not stated. QoL = quality of life
mths : months. fbg : fasting blood glucose
yr : year.
CO : carbon monoxide.
NS : nonsignificant.
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Patient Activation/Involvement Approach

Randomised Controlled Trials

Author Origin Setting Diabetes
type

Nos
start:
end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Falkenberg
et al (1986)

Sweden primary
health
care
centre

Type 2 46:33 problem
orientation/
participation

multi-
disciplinary

6 mths
to 1 yr

T1: Problem
oriented
participatory
education.
T2: conventional
teaching, lunch with
dietician, visit to
grocery
store(control)

HbA1c, fbg,
knowledge,
diet,
exercise

T1: greater improvement in six areas of
knowledge (p<0.05–0.01), fat intake significantly
lower in T1 men compared to T2 men (p<0.05),
NS differences between intervention groups.
NS changes in weight, HbA1c, fbg, serum lipids,
or exercise in either group.

2 Greenfield
et al (1988)

USA o/p
clinic

Type1/
Type 2

73:59 n/s researcher 6 mths
to 1 yr

T1: diabetes
algorithm to
promote patient
involvement in
decision-making
T2: standard
educational material
(control)

HbA1c,

QoL
T1: greater improvements in HbA1c (p<0.001), on
self-perceived health status (p<0.001), and 3 out
of 4 functional limitation indices (p<0.01).
NS effect for either group in patient satisfaction
or knowledge of disease.

3 Rost et al
(1991)

USA hospital Type 1/
Type 2

61:50 n/s nurse <6 mths T1: education
programme, patient
activation, self
admin package on
information seeking
skills
T2: evaluation and
educational
programme only
(control)

HbA1c,

QoL
T1: significant decrease in HbA1c (p<0.02),
although reduction was not significantly lower
than T2.
T1: reported significantly better physical
functioning (p=0.02), but NS differences between
groups in terms of psychological functioning.

Abbreviations

No. : number of subjects commencing : completing the study. QoL : quality of life.
mths : months. admin : administered.
yr : year.
HbA1c : haemoglobin A1c.
fbg : fasting blood glucose.
o/p : outpatient.
n/s : not stated.
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Individualised Instruction/Learning

Randomised Controlled Trials

Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main outcome
measures

Results

1 Arseneau et al
(1994)

USA diabetes
clinic

Type 2 40:n/s n/s n/s <6 mths T1: individualised
learning activity
packages
T2: traditional
classroom
instruction

HbA1c, fbg,
weight, behaviour,
knowledge

T1: significant improvement in knowledge and
ideal body weight (p<0.05).
T2: significant improvement in HbA1c (p<0.05)
and behaviour score (p<0.05).
Knowledge was the only variable to reveal a
significant difference between groups.
NS effect in either group for fbg.

2 Colaguiri et al
(1995)

Australia diabetes
centre

n/s 40:40 patient
empowerment

diabetes
specialist
nurse

<6 mths T1:individualised
education according
to patient’s stated
priorities
T2: educational
priorities set by
nurse without seeing
patients priorities

knowledge Significant improvements for both groups
(p<0.0001), NS difference between groups.

3 Hawthorne
and
Tomlinson
(1997)

UK o/p clinic Type 2* 201:192 n/s link worker 6 mths to
1 yr

T1: one to one
pictorial flashcard
tuition
T2: control

biochemical
knowledge

No p-values given for either within group or
between group comparisons.

4 Korhonen et
al (1987)

Finland o/p clinic Type 2 80:71 n/s nurse, doctor 6 mths to
1 yr

T1: individual
dietary instruction
T2: short, written
dietary advice
handed out by a
doctor (control)

HbA1c, fbg, lipids,
weight, BP

Significant weight reductions in both groups
(p<0.01), no between group difference.
Significant decrease in fbg in both groups
(p<0.01).
Significant decrease in HbA1c in T1 men and T2
women (p<0.001), NS difference between
groups.
NS changes in lipids or BP for either group.

5 Rettig et al
(1986)

USA patient’s
home

Type 1
/Type 2

471:373 n/s nurse 6 mths to
1 yr

T1: individualised
instruction in
diabetes self care
T2: control

self care
knowledge, skills,
complications

T1: self care knowledge significantly higher
(p<0.05) in all subject areas, and in self care
skills for urine testing and medications (p<0.05).

NS differences for diet and foot care
NS differences between groups in
hospitalisations, length of hospital stay, diabetic
foot problems, emergency room visits, sick days,
and physician visits.

Notes
*Pakistani Moslem subjects only.
Abbreviations
No.: number of subjects commencing : completing the study. fbg : fasting blood glucose
n/s : not stated. o/p : outpatient
mths : months. yr : year.
HbA1c: haemoglobin A1c. BP : blood pressure
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Individualised Instruction/Learning

Controlled Trials, Without Randomisation

Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Piaggesi et
al (1989)

Italy o/p
clinic

Type 1/
Type 2

99:n/s n/s physician <6 mths T1: individual
education during a
routine clinic visit
T2: control

HbA1c, fbg,
urine
glucose,
knowledge

T1: greater improvement in fbg (p<0.05), and
in 2 out of 4 knowledge areas (diet and insulin
therapy) (p<0.001).
NS effect in either group for HbA1c, and urine
glucose.

Abbreviations

No.: number of subjects commencing : completing the study. n/s : not stated.
o/p : outpatient. HbA1c: haemoglobin A1c.

fbg : fasting blood glucose mths : months.

Group Management Approach

Randomised Controlled Trials

Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 White et al
(1986)

USA diabetes
clinic

Type 2 41:32 reference-group psychologist 6 mths to
1 yr

T1: group
management to
assist subjects in
changing their
dietary and exercise
habits
T2: advice-
education group
(control)

HbA1c, serum
glucose,
knowledge,
weight

T1: greater improvement in serum glucose (p<0.05).
Weight – mean percent overweight remained high for
T1 and T2.  NS differences between groups.
HbA1c : significant decrease in both groups (p<0.05)
but final mean value outside of normal parameters.
NS differences between groups.
Diabetes knowledge : significant (p<0.05) gains for
both groups, between group differences NS.

Abbreviations
No. : number of subjects commencing : completing the study.
mths : months.
yr : year.
HbA1c : haemoglobin A1c.
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Skills Demonstration

Randomised Controlled Trials

Author Origin Setting Diabetes
type

Nos
start:end

Theory Educator Follow-
up

Intervention Main
outcome
measures

Results

1 Ward et al
(1985)

USA n/s Type 1/
Type 2

30:30 n/s nurse <6 mths T1: 30 minutes of
instruction on
glucose self-
monitoring
T2: self education
(control)

accuracy of
self-
monitoring
of blood
glucose

T1: showed a consistent decline in % error
(p<0.01), NS improvement in T2.  Improvement
in blood glucose estimates was much greater in
T1 than in T2 (p<0.02).

Abbreviations

No. : number of subjects commencing : completing the study.
n/s : not stated.
mths : months.
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Note: glyburide is the US adopted name for glibenclamide

Names used in papers have been reported, but papers have been grouped by
glibenclamide irrespective of whether the name glyburide or glibenclamide was used
by the paper.
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Metformin
Meta-analysis
Author (s) Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
randomised

Total sample number

Diabetes status and
duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Johansen, K. Diabetes Care
1999; 22 (1): 33–37.

To examine the effect of metformin on blood
glucose regulation and body weight, and to
assess whether metformin or sulphonylurea
should be the first choice of treatment in
patients with T2 DM where dietary control
has failed

Meta-analysis

Current List of Medical Literature 1957–1959
Cumulated Index Medicus 1959–1965
Medline 1966–January 1996
EMBASE 1989–January 1996

calculating weighted mean difference and 95%
CI for continuous data for fasting blood
glucose, glycosylated haemoglobin, and body
weight. A fixed model approach was used, but
in case of heterogeneity, a random effect
model was also used

not stated

RCTs

Placebo.
Metformin 500–3,000 mg.
Sulphonylurea up to 3,000 mg.
(The sulphonylureas used were:
glibenclamide (6 studies),
gliclazide (2), tolbutamide (1),
and glipizide (1).)

1–36 months

range 12 –
100 in each
arm

not stated

not stated

not stated

not stated

Fasting blood
glucose
Glycosylated
haemoglobin
Body weight

Results
Metformin-placebo comparison:
fbg decreased on average 2.6 mmol/L, HbA1c 1.3%, and body weight 0.8 kg after metformin.
WMD (after treatment with metformin or placebo):

fbg -2.0 mmol/L (95% CI -2.4 to -1.7)  HbA1c -0.9% (95% CI -1.1 to -0.7)  Body Wt 0.8 kg (95% CI -1.0 to 2.5) non-significant
There was heterogeneity of the studies of HbA1c and body Wt. In the case of HbA1c, the random effect model showed WMD -1.0% (95% CI -1.7 to -0.4) and in the case of body Wt WMD 1.0% (95% CI -1.8 to 3.7).  There was a
significant positive correlation (Spearman’s rs = 0.76, p<0.05) between fbg and ∆ fall in HbA1c, but not in %fall.

Metformin-sulphonylurea comparison:

No correlation between fbg before treatment and ∆fall or %fall in fasting blood glucose and HbA1c.

(Average change)              After metformin                             After sulphonylurea
fbg (mmol/L) -1.8 -2.0
HbA1c (%) -1.3 -1.1
Body Wt (kg) -1.2 +1.7

WMD (after treatment with metformin or sulphonylurea):
fbg  non-significant HbA1c  non-significant Body Wt -2.9 kg (95% CI -4.4 to -1.1)

Sulphonylurea-placebo comparison:

No significant correlation between fbg before treatment with metformin and ∆fall or %fall in fbg after treatment

♦ The meta-analysis showed that the antihyperglycaemic  efficacy of metformin and sulphonylurea was identical.  The only statistically significant difference found was in the effect on body Wt, which
increased after sulphonylurea and decreased after metformin, the Wt change differing by a mean of 2.9 kg.

♦ Because body Wt was significantly lower after metformin than sulphonylurea treatment, and because obesity is a major problem in T2 DM, the authors conclude that in this context metformin has an
advantage over sulphonylureas
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Metformin
Meta-analysis
Author (s) Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
randomised

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Campbell I.W., Howlett
H.C.S. Diabetes/Metabolism
Reviews 1995; 11 (Suppl. 1):
S57–S62

To analyse the efficacy of
sulphonylureas compared to
metformin in matched conditions,
with regard to glycaemic control
and body weight

Meta-analysis (11 studies included,
6% of identified publications, 179
publications were identified as
being relevant)

Medline, Embase, Pascal, Biosis

1957– 1994

Calculation of overall means for all
included trials. Means weighted for
sample size. For all parameters the
change from baseline at the end of
the trial was calculated for
metformin and the sulphonylurea

RCTs

Placebo.
Metformin 500–3,000 mg.
Sulphonylurea up to 3,000 mg. (The
sulphonylureas used were:
glibenclamide (6 studies), gliclazide (2),
tolbutamide (1), and glipizide (1).)

6 wks – 52 wks

17–216 (total of 651 patients
studied; according to the figures
given in table I. However, in the
text the total population size is
given as 656

T2D, <3 mths – 24 yrs

36–94 yrs

not stated

Primary:
Fasting glucose,
Post-prandial
glucose,
Glycated
haemoglobin
Fasting blood
glucose,
Glycosylated
haemoglobin,
Body weight

Results
Effect of treatment on glycaemic control (overall mean±SD):

                                 Patient No.          Baseline value                  Final value             Change %

Fasting glucose (mmol/L)

Metformin 148 9.5±2.5 8.2±2.2 -14%
Sulphonylureas 149 9.7±2.4 7.9±2.4 -19%

Post-prandial glucose (mmol/L)

Metformin 214 16.5±2.8 9.1±1.9 -44.5%
Sulphonylureas 213 16.4±3.1 9.1±2.3 -44.5%

Glycated haemoglobin (%)

Metformin 148 9.6±2.1 8.4±1.8 -12.5%
Sulphonylureas 159 9.6±2.2 8.4±1.7 -12.5%

Not possible to calculate significance levels for differences in totals because in most studies it was not possible to obtain estimates of the SDs for changes within groups. The 12.5% change in HbA1c in both groups, is equivalent to a
1.25% reduction in HbA1c.

♦ Both groups showed relationship between improvement in fpg and baseline fasting hyperglycaemia. Reduction in fpg was greatest where baseline fpg was highest. Trend lines showed similar response profiles for the two drugs,
but there was some evidence that metformin was more effective as control diminished.
In the 9 studies where body weight data was given, there was no significant change with sulphonylureas, but in 7 of those 9 studies a significant weight loss was recorded with metformin therapy. Overall, there was a 4 kg weight
differential in the metformin treated patients (-1.2 vs +2.8 kg), representing a 5% net difference between agents sulphonylurea treatment, and because obesity is a major problem in T2 DM, the authors conclude that in this
context metformin has an advantage over sulphonylureas

♦ Authors conclusions: the meta-analysis showed a similar pattern of fall in fpg and post-prandial plasma glucose, with HbA1c falling by 1.2% for both agents. This was achieved with a net weight loss of 5% for metformin vs
sulphonylurea therapy. This weight difference may mean that metformin is more beneficial than sulphonylureas in overweight T2 DM patients
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Metformin
Meta-analysis
Author (s) Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
randomised

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Melchior, W.R., Jaber,
L.A. The Annals of
Pharmacotherapy 1996; 30
(2): 158-164

To review the comparative
efficacy of metformin,
sulphonylureas and insulin in
the treatment of type 2 diabetes

Meta-analysis 7 studies (8
papers; only 4 studies given
in the results table

Medline

1966–1994

not stated

trials, randomised, crossover, open,
blinded

various, inc , metformin vs various
sulphonylureas, combin inc metformin
vs sulphonylureas in various
combinations inc insulin

not stated

Total of 5474 (5454 that completed studies),
range 15–2520

T2D

not stated

not stated

not stated

Weight, Blood
pressure, Total and
low density
lipoprotein
cholesterol,
Triglycerides, Fasting
and post-prandial
glucose, Glycosylated
haemoglobin

Results

Comparative outcomes in patients given metformin:
Medication FG HbA1c Wt Medication FG HbA1c Wt

Reference & daily dose (mmol/L) (%) (kg) Reference & daily dose (mmol/L) (%) (kg)
Monotherapy Combination therapy
1. Defronzo & PLA 0.3 0.4 -1.1 3. Hermann et al GB 3.5–10.5 mg -2.1±0.5* -1.3±0.2* 2.8±0.7
Goodman (1995) MET ≤2.55 g -2.9* -1.4 -0.6 1994, 1995 MET 1–3 g -2.0±0.4* -0.9±0.2* -0.8±0.5#

(protocol 1) (1 study; diet & drug GB 7–14 mg + -6.1±0.8* -2.2±0.4* 0.2±0.7
therapy had failed) MET 2–3 g

2. UKPDS (1995) lean diet alone 8.8–9.3 7.4–7.7 76.0–78.3 4. Defronzo & GB 20 mg 0.8 0.2 -0.3
(newly diagnosed) + CHL ≤500 mg 6.8–7.2* 6.6–6.9* 76.5–79.3 Goodman (1995) MET ≤2.55 g -0.1 -0.4 -3.8#

+ GB ≤20 mg 7.3–7.9* 6.7–7.0* 79.7–82.5 (protocol 2) GB 20 mg + -3.5# -1.7# 0.4
+ INS, variable 7.2–7.6* 6.9–7.1* 79.1–81.4 MET ≤2.55 g
obese diet alone 9.0–10.2 7.6–8.0 84.4–88.0 5. Haupt et al 1991 GB 10.5 mg + pre: 12.8 pre: 11±0.1 pre: 78.9±0.03
+ CHL ≤500 mg 7.1–7.8*# (diet & sulph. had failed) MET 0.85–2.55 g post: 9.05 post: 9.1±0.1* post: 77±0.3*
+ GB ≤20 mg 7.9–9.1*

+ INS, variable 7.6–8.2*

+ MET ≤2.55 g 7.5–8.0* 6.9–7.3* 85.3–89.5
*=statistically significant result compared to baseline.
#=statistically significant result compared with alternative treatment(s).
Only results seen as pertinent to Melchior and Jaber have been given in this table.
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Metformin: RCTs

metformin/conventional therapy (dietary) - UKPDS

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

UKPDS 34 UKPDS T1: intensive diet
advice and intensive
blood glucose control
with metformin.
T2: conventional
dietary treatment

15 UK
hospital based
diabetes
clinics

T1: intensive
n=342
T2:
conventional
n=265

Inclusion: bodyweight ≥120% of ideal,
newly diagnosed Type 2 diabetes, fpg
between 6.2 mmol/L and 15 mmol/L
after 3 months diet therapy
Exclusion: not stated

53 years

54% female

Not stated

10.7 years
(median)

First diabetes related
predefined end point
deaths from diabetes
all cause mortality
MI
stroke
peripheral vascular disease
microvascular disease

Results

Table from ACP Journal Club Extraction January/February 1999

Metformin Conventional RRR (95% CI) NNT (CI)

diabetes end points 29% 39% 26% (10-40) 10 (6-29)
deaths from diabetes 8% 13% 39% (6-60) 19 (10-138)
all-cause mortality 15% 22% 32% (8-51) 14 (8-67)
MI 11% 18% 36% (8-55) 16 (9-78)

diabetes end points 29% 37% 22% (7-36) 12 (7-43)
all cause mortality 15% 20% 27% (3-45) 19 (10-172)
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Metformin: RCTs

intensive/conventional therapy (dietary) - UKPDS

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

UKPDS 33 (1998) UKPDS Intensive: diet and oral
(chlorpropamide
glibenclamide
glipizide or
metformin) or insulin
Conventional: diet

23 hospital
based clinics,
UK

2729
intensive
1138
conventional

Inclusion: newly diagnosed Type 2
diabetes, and fpg between 6.1 mmol/L
and 15.0 mmol/L after 3 months of
dietary therapy
Exclusion: ketonuria >3 mmol/L serum
creatinine >175 µmol/L, MI in previous
12 months, heart failure, angina, major
vascular events, retinopathy reg laser,
malignant hypertension, unconventional
endoc disorder, occ preclude insulin,
concurrent illness

median 54

61% male

median 10 years
(10%)

First diabetes
related predefined clinical end
point
death related to diabetes
all-cause mortality
MI
stroke
amputation
death from PVD
micro vascular disease

Results

Intensive Conventional Reduction in risk p value

HbA1c 7.0% 7.9%
any diabetes related endpoint 12% (95%, 1–21) 0.029
any diabetes related death 10% (95%, -1–27) 0.34
all cause mortality 6% (95%, -10–20) 0.44
microvascular endpoints 25% (95%, 7–40) 0.0099
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Metformin: RCTs

metformin/placebo
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean
±SD (range)
years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Garber et
al, 1997

Double blind RCT
trial of placebo vs. 5
dosages of metformin
after 3 week single
blind washout period

T1: placebo
T2: metformin 500mg
T3: metformin 1000
mg
T4: metformin 1500
meg
T5: metformin 2000
meg
T6: metformin:
2500mg

Multicentre trial, USA

Type 2 diabetes

Duration not reported.

Inclusion: > 30 years,
Type 2 diabetes
suboptimally controlled
on diet alone or
previously treated with
oral sulphonylurea.  fpg
of 9.9mmol/l without
symptoms 3 weeks after
discontinuing previous
drug therapy.

Exclusion: significant
disease or conditions
likely to affect diabetes or
ability to complete study,
markedly symptomatic
diabetes, biguanide
hypersensitivity, previous
insulin therapy,
concomitant treatment
with nephrotoxic drugs or
other investigational
drugs, pregnant or nursing
women and those not
using adequate methods
of contraception.

T1: 79
T2: 73
T3: 73
T4: 76
T5: 73
T6: 77

T1: 56% male
T2: 62% male
T3: 55% male
T4: 63% male
T5: 53% male
T6: 65% male

T1: 55 ± 11
T2: 57 ± 10
T3: 55 ± 10
T4: 59 ± 10
T5: 60 ± 11
T6: 59 ± 11

14 weeks

Not reported

Adjusted mean
changes in
fasting plasma
glucose

Adjusted mean
changes in
HbA1c

Adjusted mean changes in fasting plasma glucose
(mmol/l) from baseline

T1 T2 T3 T4 T5 T6

Week 7 +0.02 -1.33† --2.28‡ -2.72‡ -4.66‡ -62‡
Week 11 -0.44 -1.61* -2.38† -2.89‡ -4.88‡ -4.05‡
Endpoint -0.44 -1.50§ -2.14† -2.72‡ -4.77‡ -3.85‡

Adjusted mean changes in HbA1c (%) from baseline

T1 T2 T3 T4 T5 T6

Week 7 +1.1 +0.4† -0.01‡ -0.3‡ -0.5‡ -0.1‡
Week 11 +1.2 +0.2‡ -0.1‡ -0.6‡ -0.9‡ -0.5‡
Endpoint +1.2 +0.3† +0.01‡ -0.5‡ -0.8‡ -0.4‡

*=p<0.05; †=P<0.01; ‡=P<0.001 for mean difference
from placebo adjusting for centre effect in linear
model; §=p=0.054 for mean difference from placebo
adjusting for centre effect in linear model.

Conclusions: Metformin lowered fpg and HbA1c in a
dose related manner.

Not
reported

Adverse
effects
occurred
in 15% in
placebo
group
and 28%
in
metformi
n group
(p=0.02),
these
were
primarily
digestive
disturban
ces such
as
diarrhoea
.
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Metformin: RCTs

metformin/glibenclamide/combination
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusio
n

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Hermann
et al, 1994

Originally 165 patients were
included.  After an initial two
months on diet only; 14
patients responded to diet
and 7 were excluded.
Therefore 144 patients were
randomised.  Randomisation
stratified by BMI

T1: metformin
T2: glibenclamide
T3: primary combination
(metformin + glibenclamide)

Stepwise dose titration every
2 weeks aiming at fpg < 6.7
mmol/l for six steps.  Steps
1-3: increasing doses; steps
4-6: increasing doses of add-
on therapy

Dose level 1: metformin
(1g); glibenclamide (3.5 mg);
metformin (0.5g) +
glibenclamide (1.75 mg)
Maximum dose: metformin
(3g) and glibenclamide (14
mg) in all groups

5 primary health care
centres in Sweden

Type 2 diabetes

1.6 years (0-38)

Inclusion: fpg ≥ 6.7
mmol l-1 or glucose
tolerance abnormal

Exclusion:
contraindications to
the drugs used or
insulin required

T1: 38
T2: 34
T3: 72

106/59

61 (34-74)

6 ½ months

Not reported

Success rates (fbg
≤ 6.7 mmol l-1)

Final doses

Probability of
response

Dose-response
relations

At dose levels 1-3 there was a higher success
rate with the combination than with
monotherapy.  At 7.8 mmol l-1 this was
significant (70% vs. 51%: CI: 3-36%, p=0.032)
but not at 6.7 mmol l-1(61% vs. 45%;; CI: 0-
33%, p=0.084).

The proportion of patients with a final dose of
3 or below was 77% for the combination group
and 60% for monotherapy (p=0.063).

Response was not predicted by body weight
but depended upon initial fbg (p=0.019) and
meal stimulated C-peptide (p=0.007).

Success rate increased with increasing dose
especially from dose 1 to dose 2.  The
percentage of responders responding at dose
levels 1-3 was significantly higher in those on
primary combination than in those on
monotherapy (89% vs. 66%; p=0.014 at 6.7
mmol/l and  85% vs. 66%; p=0.032 at 7.8
mmol l-1).  fbg declined progressively with
increasing doses of metformin, whereas
glibenclamide was most effective at low
dosage.

Conclusions; Low dose primary combination
therapy with metformin and glibenclamide was
effective in reducing fbg.  fbg declined
progressively with increasing doses of
metformin whereas glibenclamide was most
effective at low doses.

Not
reported

Greater percentage of
patients with side
effects at dose levels
1-3 was higher for
metformin than
glibenclamide (73%
vs. 42%, p=0.013) and
on combination (73%
vs. 52%, p=0.057.  At
levels 4-6 side effects
were less frequent and
did not differ between
groups.  Metformin
associated with more
side effects
predominantly
gastrointestinal
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Metformin: RCTs

metformin/insulin secretagogues
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Gregorio et
al 1999

T1: metformin +same
sulphonylurea dose (37
on glibenclamide, 52 on
gliclazide)
T2: increased
sulphonylurea dose (36
on glibenclamide, 49 on
gliclazide)

In both treatment groups,
doses gradually
increased in month 1 (T1
metformin increased, T2
sulphonylurea increased)
to reach either target
metabolic control: fbg
≤7.8mmol/l and 2 hour
postprandial
glucose≤11.1mmol/l or
maximum dosages of
sulphonylurea or
metformin.

glibenclamide increased
to 10mg at breakfast and
2.5-5mg at dinner
(maximum 15mg/day)
Gliclazide increased to
120mg at breakfast, 40-
80mg added at dinner
(maximum 240mg/day).
Metformin started at
850mg at bedtime, with
425mg added at
breakfast and 425mg at
lunch if needed
(maximum 1700mg/day)

Trial not blinded.

Italy, hospital
outpatients

Type 2

Duration of
diabetes (mean±SE)
T1: 15.11±0.66
T2: 14.67±0.73

In : Aged > 70, on
diabetes outpatient
database,
receiving
glibenclamide
7.5mg/day  or
gliclazide
120mg/day, fasting
glucose≥11.1mmol/l
and HBA1c≥9% in
past 2 months and
≥3 checkups.
Ex:
Contraindication to
increasing
sulphonylurea
dosage and/or to
adding metformin,
liver function
problems, reduced
renal function, other
concomitant disease

Eligible 274
Excluded 24
205 gave
written consent
(75%), 7
dropped out in
run-in period
Start:
T1: 100
T2: 98
End:
T1: 89
T2:85

M/F
T1: 42/47
T2: 40/45

Age ±SE
T1: 75.42±0.59
T2: 75.73 ±0.61

Power
calculation

Run in: 2
months
Dose
titration : 1
month
FU: 18
months,
data
collected at
baseline,
months
1,3,6,12,18

fbg
HBA1c
Fasting and day
long lactate
Fasting and
day-long
glucose
Fasting and day
long insulin
C-peptide
NEFA plasma
levels
Lipids
Haemostatic
variables

Compared to baseline, in T1 and T2,  glycaemic control improved in month 1
(p<0.0005) with no further changes.  HBA1c and NEFA decreased until month 3
(p<0.0005), with no further changes.  No significant changes in fasting and average
day long insulin or C-peptide plasma levels.  Fasting and average day-long NEFA
levels fell from month 1 onwards (both p<0.01) in T1 but not T2.  No significant
change in lactate, insulin, or C--peptide levels, either fasting or average day long.
No change in plasma lipids in T2. In T1, reduction in LDL cholesterol in month 6
and 18 (both p<0.05) and increase in HDL cholesterol by month 3 and maintained
(all p<0.02).
   (mean±SE)                    T1                T2
fpg mmol/l
           baseline  1      14.59±0.61 14.21±0.49
                    mth 3     8.82±0.22   8.94±0.23
                   mth 18    8.77±0.30   8.88±0.27
HbA1c  %  baseline   10.33±0.13 10.32±0.13
                   mth 3      8.77±0.12  8.66±0.13
                   mth 18    8.54±0.12  8.58±0.12
Lactate mmol/l
Fasting   baseline 1.12±0.07  1.13±0.07
                mth 18  1.15±0.07  1.14±0.05
Insulin pmol/l
Fasting  baseline 190.35±21.74 181.74±22.96
            mth 18  184.97±18.87 186.55±18.94
C-peptide nmol/l
Fasting    baseline       0.35±0.02 0.33±0.02
                 mth 18      0.33±0.01 0.34±0.02
NEFA µmol/l
Fasting baseline  667.86±19.13 655.78±19.13
              mth 18   615.38±18.81 651.24±18.72
Cholesterol mmol/l
Total - baseline        6.07±0.19  5.73±0.18
              mth 18      5.46±0.18 5.53±0.17
LDL- baseline           4.52±0.14 4.34±0.12
             mth 18      4.14±0.12 4.22±0.14
HDL - baseline            0.98±0.04  0.94±0.05
                      mth 18      1.10±0.03  0.96±0.03
Triglycerides mmol/l
Total     baseline    1.94±0.13  1.91±0.12
                mth 18     1.87±0.12 1.83±0.12

No
significan
t changes
in either
body
weight or
weight
for height
in either
T1 or T2
over
time.

T1: 1
transient
nausea and
abdominal
discomfort, 9
non-severe
hypoglycaemi
c episodes in
7 patients.
T2: 10  mild
transient
gastrointestin
al symptoms,
2 had mild
hypoglycaemi
a (T1 vs T2
p<0.03).
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Metformin: RCTs

metformin+repaglinide/placebo/    repaglinide/placebo/insulin secretagogues

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Moses
1999

T1: metformin (usual
dose) + repaglinide
titrated, from 0.5mg/day
before each of 3 meals,
in steps of 1.0, 2.0, and
4.0mg preprandially to
obtain optimum efficacy
- fbg >4.4<7.8 mmol/l
T2 metformin (usual
dose) + placebo
T3: repaglinide +
placebo

9 centres, Australia
Type 2

Duration of diabetes:
T1: 5.9±2.9
T2: 8.0±6.2
T3: 7.0±5.2

In : On stable dose of
metformin for ≥6mths but
not optimum glycaemic
control (HbA1c >7.1%),
aged 40-75, BMI≥21kg/m2.
Ex: Clinically significant
elevation in serum
creatinine and liver
transaminases, vitamin
B12<150pmol/l, anaemia,
previous insulin treatment,
unawareness of
hypoglycaemia, cardiac
problems, uncontrolled
hypertension, alcohol/ drug
abuse, lactic acidosis
history, contraindications
to metformin, pregnancy

Start:
T1: 27
T2: 27
T3: 29 (1 early
dropout)

End:
T1: 27
T2: 21
T3: 26

M/F
T1: 18/9
T2: 17/10
T3: 15/13

Age
T1: 57.2±8.3
T2: 57.8±9.5
T3: 60.3±7.7

Ethnicity:
T1: Caucasian 26,
Asian 0, Other 1
T2: C23, A 2, O 2
T3: C26, A2, O 0

Baseline: 4-5 weeks
prestudy dose
maintained.
Optimisation
period: 4-8 weeks
(for those after
baseline still not
under optimal
control on
metformin)
Maintenance: 3
months

Power calculation
not stated.

Intention to treat
analysis

Primary:
HbA1c

fbg

Secondary:
Fasting insulin
C-peptide
Lipids
Body weight
changes

HbA1c fell in T1 compared with baseline and
with T2 and T3. fbg fell in T1. No changes in
T2 and T3.
Good control (HbA1c<7.1)  T1 59%, T2 20%,
T3 22%. For poor control (HbA1c>9.0%) T1
0%,  T2 20%, T3 26%

 Mean change from baseline
                                       T1         T2        T3
                                   (n=27)   (n=27)  (n=28)
HbA1c (%)                      -1.41*    -0.33  -0.38
fbg (mmol/l)                  -2.18*  -0.25  +0.49
Fasting insulin (mU/l)     4.23*    1.05  4.04*
Cholesterol (mmol/l)        0.13     0.13  0.38*
HDLchol     (mmol/l)       0.05    0.07* 0.09*
LDL chol (mmol/l)          0.11   0.10    0.41*
Triglycerides (mmol/l)    -0.10  -0.20   +0.09
C-peptide (mmol/l)        0.17*    0.02     0.18*
• P<0.05 vs baseline
(SEM given in paper)

Mean change in
weight  (kg) from
baseline
   T1        T2      T3
2.41*   -0.86    2.98*
* P<0.05 vs baseline

No serious
events.
Hypoglycaem
ic events, T1
9 patients  30
events (12
from 1
patient), T3, 3
with 9 events.
Incidence of
hypoglycaemi
a (including
titration
phase) from
3.2 per
patient year in
T,  0.97 in T3
(p<0.05).
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Biguanides: lactic acidosis
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Aguilar et
al, 1992

NOT AN RCT,
purpose of study to
explore the incidence
and risk factors
associated with
biguanide related
lactic acidosis.

T1: phenformin
(average dose: 98.17
± 27.2 mg/day)
T2: sulphonylurea
plus metformin (1574
± 596 mg/day for
metformin)
T3: sulphonylurea
plus phenformin (90 ±
33 mg/ for
phenformin in the
sulphonylurea/phenfo
rmin group).

University Department,
Mexico

Type of diabetes not
reported.

Duration of diabetes >
20 years:
T1: 36%
T2; 32.4%
T3: 54%

Inclusion/exclusion
criteria not reported.

T1: 41
T2: 157
T3: 59
21 patients
required initial
treatment with
phenformin  and
then
subsequently
required
additional
sulphonylurea,
these patients
are included in
both T1 and T3
numbers.

Total population
represents 1466
patient/years of
biguanide
treatment.

Not reported

Incidence of
lactic acidosis

Identification of
risk factors for
lactic acidosis

(glycaemic
control)

Glycaemic control was similar in
all three groups at time of study
inclusion. Appearance or
persistence of hyperglycaemia
was the most frequent reason for
treatment withdrawal.

Incidence of lactic acidosis
No cases of lactic acidosis
were reported.  In the 609
emergency admissions, 17
patients had a diagnosis of
metabolic non-ketotic
acidosis.  All cases had
severe precipitant diseases
that can cause lactic
acidosis with or without
associated biguanide
administration.  No
metformin related cases
were found.

Risk factors for lactic
acidosis
In 39% of T1, 56% of T2
and 56% of T3 no risk
factors for lactic acidosis
were found.  The most
frequent risk factor
observed was age >70
years, followed by coronary
insufficiency and serum
creatinine between 133 and
265 µmol/l .

Conclusion: biguanides are
not associated with a high
risk of lactic acidosis.

Most
frequent
side effect
were
nausea:
T1: 7.3%
T2: 7.6%
T3: 3.3%

And
diarrhoea
T1: 2.4%
T2: 0.6%
T3: 3.3%
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Metformin associated lactic acidosis
Systematic review

Author (s) Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
included

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Chan, N.N., Brain, H.P.S.,
Feher, M.D. Diabetic
Medicine 1999; 16: 273–281

To review the available data on
the prevalence of metformin
associated lactic acidosis
(MALA), the risk factors for its
development and the current
practical guidelines on the use of
metformin to minimise the risk of
this potential hazard

Systematic review

Medline and Ovid

1965–1998

Not stated

Various

Metformin

Not stated

N/A Not stated

Not stated

Not stated

Not stated

Not stated

Prevalence of
MALA.
Associated
factors for the
development of
MALA

Results
The prevalence of MALA:

In the UK a total of 31 cases of MALA were reported to the Committee on Safety of Medicines over a 34-yr period (July 1963 to November 1997), of which 19 cases were fatal. Only two cases were reported by the UK Medicines
Control Agency in 1996.  During a 14-yr period (1977–1991), a total of 16 cases of MALA were reported in Sweden, with incidence decreasing from 0.15 cases per 1,000 patient-years in 1977–1981 to 0.024 cases per 1,000 patient-
years in 1987–1991.  In Switzerland, over a 5-yr period two nonfatal cases were reported in 29,800 patient-years of treatment. Data from France showed that over an 8-yr period (1984–1992) nearly half (n=33) of the 73 cases of
MALA were fatal. This covered 2476,061 patient-years of treatment.  In Canada…”, between 1972–1983, “…there were 56,000 patient-years clinical experience without a single case report of lactic acidosis. However, this is
likely to represent a significant underestimate, as a more specific analysis of prescription and hospitalization data in Saskatchewan, Canada in 1997 indicated nine cases per 100,000.  Since…” May 1995 and up to June 1996, “…the
Food and Drug Administration…” in the United States “…registered 47 cases of MALA.” In 1998 it was “…estimated that 1 million Americans [were] taking metformin, and the reported rate of confirmed lactic acidosis [was] about
five cases per 100,000.”

Associated factors for the development of MALA:
Renal impairment:
Concomitant illness:
Diabetes mellitus:
Elderly:
Radiological contrast media:
Surgery:
Drug factors:

Cimetidine is known to increase peak metformin levels, non-steroidal anti-inflammatory drugs (NSAIDS) precipitate acute renal failure, especially in the elderly and susceptible individuals.  By 1998 three cases of
MALA associated with NSAID administration had been reported, angiotensin-converting enzyme inhibitors (ACEIs) have a potential hazard in precipitating renal failure in people with diabetes with renal vascular
disease.  Also, one report in 1997 showed that the combination of ACEI and metformin has a possible synergistic effect on the development of hyperkalaemic lactic acidosis

The authors conclude that “MALA is an important treatment-associated condition and current evidence suggests that it is a very rare clinical event. The overall prevalence of MALA is in the order of three cases per 100,000 patient-
years…”
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Insulin secretagogues: glimepiride
Meta-analysis/systematic review extraction table

Author (s) Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
involved

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Campbell R.K. The Annals of
Pharmacotherapy 1998; 32
(10): 1044–1052.

To review the clinical pharmacology data
regarding the sulphonylurea glimepiride, and
to summarise the clinical trials of
glimepiride efficacy and safety alone and in
combination with insulin for the treatment of
type 2 diabetes mellitus.

systematic review: 8
RCTs (from 20)

Medline

January 1985–April
1997

not stated

RCTs

Four studies were dose-finding trials.
Three studies compared glimepiride
with other sulphonylureas. One study
added glimepiride or placebo to
insulin therapy. Total dose of
glimepiride between 1–16 mg,
usually given once daily:

Range of 8–52 wks

3643 in
total

smbg – 260
smbg + compliance: 28
urine testing: 111
no testing: 193

T2

Typically 30–80 yrs old

not stated

different races

Fasting plasma glucose
Post-prandial glucose
HbA1c

C-peptide

Fasting insulin concentrations
Exogenous insulin
requirement

Results

Ref. Patients Study Results
enrolled design

Dose-ranging studies
1. Goldberg et al 1996 304 DB, R, PC median fpg, PPG, and HbA1c at all G doses lower than P (p<0.05).The 4-and 8-mg G dosages were more effective than the 1 mg dosage (p<0.05)
2. Rosenstock et al 1996 416 DB, R, PC median fpg and HbA1c at all G doses significantly lower than P (p<0.001). No clinically relevant differences in outcomes among the four drug regimens
3. Schade et al 1997 249 DB, R, PC median fpg, PPG, and HbA1c at all G doses significantly lower than P (p<0.05). Median fpg decreased by 28% from baseline in the G group compared with 6% 

from baseline in the P group(p<0.001).
4. Sonnenberg et al 1997 106 DB, R, CO glycaemic control equivalent between q.d. and b.i.d. regimens
Active-controlled studies
5. Clark & Goldberg 1997 802 DB, R similar (significant) reductions in fpg, PPG, and HbA1c in both groups between week 16 and study end
6. Draeger et al 1996 1044 DB, R similar (significant) reductions in fpg, PPG and HbA1c in both groups
7. Dills et al 1996 577 DB, R similar (significant) reductions in both fpg and HbA1c in both groups; significantly lower C-peptide and fasting insulin concentrations with G than with glyburide. 

Significantly lower incidence of hypoglycaemia associated with G (1.7%) compared with glyburide (5.0%; p=0.015).
Adjunct therapy with insulin
8. Riddle 1996 145 DB, R, PC significantly reduced exogenous insulin with G compared with P
CO = crossover; DB = double-blind; fpg = fasting plasma glucose; G = glimepiride; P = placebo; PC = placebo-controlled; PPG = post-prandial glucose; R = randomised.
♦ Combining evidence from Rosenstock et al (1996) and Goldberg et al (1996) , 8-mg dose seemed to be more effective than the 4-mg dose for severely hyperglycaemic patients because it controlled HbA1c in a subset of

patients who had baseline values of >8%. There was no evidence of additional glucose-lowering activity when the daily dose was increased from 8 to 16 mg.
♦ Clark and Goldberg (1997) mean fpg concentrations were lower in the glimepiride group (p<0.05) than in the glipizide group at every point during the titration phase except at week 12 (p=0.053), which suggests that

glimepiride lowered fpg more quickly than glipizide.
♦ Neither Rosenstock et al (1996) nor Sonnenberg et al (1997) showed any evidence that dividing the daily dose enhanced glycaemic control. The studies show that glimepiride lowers fpg and HbA1c significantly more than

placebo. They also show that it is possible to maintain relatively long-term control of glycaemic parameters, but there is evidence of a slight deterioration. The results of the studies by Draeger et al (1996) and Riddle (1996)
also suggest that glimepiride may augment the response to exogenous insulin through its extrapancreatic effects.

♦ Glimepiride was as effective as second-generation sulphonylureas, but there were detectable differences between treatment groups.
♦ Glimepiride had a more rapid onset of action than glyburide during initial dose titration, it was less likely to increase fasting insulin and C-peptide or  to cause symptomatic hypoglycaemia.
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Insulin secretagogues: RCTs

chlorpropamide/glipizide/gliquidone/gliclazide/glibenclamide
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Harrower,
1985

T1: chlorpropamide
(100-500mg)
T2: glipizide (2.5-
20mg)
T3: gliquidone (30-
120mg)
T4: gliclazide (20-320
mg)
T5: glibenclamide
(2.5-30 mg)

Dosages not reported

Setting not reported,
Scotland

Type 2 diabetes

T1: 4.2 ± 0.9
T2: 2.6 ± 0.5
T3: 5.0 ± 1.2
T4: 3.5 ± 0.8
T5: 3.5 ± 0.7

Inclusion: patients had
Type 2 diabetes and had
failed to be controlled
on diet therapy.
Exclusion criteria not
reported

T1: 21
T2: 24
T3: 22
T4: 22
T5: 23

Sex not reported

Mean ± SE
T1: 60.5 ± 2.0
T2: 62.0 ± 1.8
T3: 63.5 ± 2.7
T4: 60.0 ± 2.2
T5: 60.0 ± 2.0

1 year

Not reported

Number of
patients with
normal HbA1c
levels after 1
year

HbA1c (% )
before and after
treatment for 1
year

(body weight)

Number of patients with normal HbA1c
levels after 1 year
Tx No. assessed Normal HbA1c

at 1 year levels at 1 year (%)
T1 18 3 (17)
T2 20 8 (40)
T3 19 8 (40)
T4 20 16 (80)
T5 19 14 (74)

HbA1c (% ) before and after treatment
for 1 year
Tx Before After Change

Treatment 1 year from 

baseline
T1 11 ± 6 11 ± 2 +0.7 ± 0.65
T2 10 ± 2 11 ± 3 +0.6 ± 0.81
T3 14 ± 3 10 ± 2 -3.6 ±0.88*
T4 13 ± 5 9 ± 4 -3.7 ± 1.01*
T5 11 ±6 9 ± 4 -2.8 ± 0.9**
*=p<0.01;  **=p<0.02

Conclusions: Gliclazide produced
normal HbA1c levels in a significantly
greater number of patients than
chlorpropamide and gliquidone.
Glibenclamide was significantly better
than chlorpropamide.  Significant
improvements in HbA1c were produced
overall in gliquidone, gliclazide and
glibenclamide groups.  Gliquidone and
gliclazide groups were significantly
better than the glipizide group.

Glibenclamide was
the only treatment to
produce a significant
change (p<0.05) in
body weight with a
mean increase of
2.025kg.  However
this group had the
lowest pre-treatment
weight and still had
the lowest mean
weight after 1 year of
treatment.

Not
reported
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Insulin secretagogues: RCTs

glibenclamide/glimepiride
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Draeger et
al 1996

T1: Glibenclamide
T2: Glimepiride

Both groups started on
2.5mg glibenclamide or
1mg glimepiride. Target
fbg ≤8.3mmol/l. Dose
increased through
maximum of 6 steps
until fbg target or
maximum treatment
reached. For T1, steps
2.5, 5, 7.5, 10, 15, 20mg;
T2 1,2,3,4,6,8mg.
Dosage decreased if
fbg<3.9mmol/l or any
BG concentration
<2.8mmol/l and/or signs
of clinical
hypoglycaemia.
Doses given am, except
two highest for T1 split
am and pm with placebo
match for T2.

22 centres in UK, 27
centres located in Europe,
Asia, South Africa and
South America

Type 2

Duration of diabetes :
T1: median 5.0(0-36)
T2: 5.0 (0-40).

In: Aged 40-80, on
glibenclamide for
≥2months, fbg≤
13.9mmol/l on at least 2
occasions
Ex: previous history of oral
sulphonylurea therapy
failure or treatment with
insulin within last 12
months, history of
hypersensitivity to
sulphonylureas, liver or
kidney damage,
gastrointestinal disorders,
ketonuria with concurrent
glycosuria, acute infection,
blood or haematopoietic
organ diseases, pregnancy
or breastfeeding,
medication interacting with
study drugs.

Start:
T1 520
T2: 524
End maintenance
phase
T1:418
T2: 398
FU study
those who re-
enrolled
T1: 229
T2: 228

M/F
T1: 340/180
T2: 325/199

Age:
T1: 60.7 (26-81)
T2: 59.7 (27-81)

Ethnicity:
White 74% Asian,
Black, Other  26%

BMI
T1: 26.5 (18-39)
T2: 26.5 (18-40)

Run In: 2 weeks (to
assess eligibility
Titration phase: 2
months
Maintenance phase:
10 months
Measurements
taken two monthly.
FU study:7-526
days (mean 251)
Extended follow-
up of group who
wished to continue.

Power calculation
not stated

Intention to treat
analysis and per
protocol

Primary:
HbA1c,
fbg
Secondary:
post-prandial
BG, insulin, C-
peptide, total
cholesterol,
HDL, LDL

At end, 42% T1 and 51% T2 at dose level 6.
No differences in HbA1c in T1 vs. T2 at
baseline or in maintenance phase. Mean
difference in change from baseline, T2-T1
0.07, 95% CI -0.05, 0.19.
No differences in fbg in T1 vs. T2 at baseline,
but lower mean fbg value in T1 vs. T2 at end.
Mean difference T2-T1 =0.4mmol/l (95% CI
0.1, 0.6) (p<0.0005). Authors claim this
difference has no clinical relevance.
                                             T1               T2
 mean fbg (mmol/l)          (n=453)   (n=465)
Baseline                                    8.8       8.8
During maintenance                  9.3       9.7
Mean change from baseline      0.5        0.9

mean HbA1c (%)                (n=451)    (n=455)
Baseline                                   7.80   8.03
During maintenance                   8.32   8.39
Mean change from baseline    0.31   0.38

Changes in T2 lower for fasting insulin than
T1. Median difference over time, T2-T1 -0.92
µU/ml (p=0.041).
Similar changes for C-peptide. Median
difference over time, T2-T1 -0.14ng/ml
(p=0.034). (Actual values given in paper)
No changes in either T1 or T2 for total
cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides.

In follow-up study, no differences for fbg
between T1 and T2 at any 3 monthly
measurement, or within or between treatment
groups, for changes from baseline.
Similar results for HbA1c.

No changes in BMI
between baseline and
endpoint in either T1
or T2.

320 adverse
events related
to therapy
from 190
people, T1
100 (19%),
T2 90 (17%).
Serious drug-
related
events, T1 8,
T2 5.
Deaths not
treatment
related.
Hypoglycaem
ic events: T1,
74 (14%) 140
events, T2 60
(11%) 105
events. Four
events severe,
T1 3, T2 1.
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Insulin secretagogues: RCTs

glibenclamide (glyburide)/glipizide
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Rosenstock
et al 1993

T1: glyburide
T2: glipizide
Initial dose of T1
2.5mg/day, T2
5mg/day adjusted in
1.25, 2.5, 5mg
increments weekly
based on fpg.
Maximum dose T1
20mg/day, T2
40mg/day. Doses
>10mg/day for T1, or
>15mg/day for T2
given as two equal
doses.
Initial dose halved if
serum creatinine 159-
221µmol/l, total
bilirubin 17-34µmol/l,
or weight was 90-99%
of ideal.

9 centres, USA

Type 2

Duration of diabetes:
T1: 11.0±8.3
T2: 11.0±09.7

In: aged ≥65, Type 2
well controlled for  ≥3
months with oral
sulphonylurea therapy
(fpg ≤8.9mmol/l  on 2
consecutive occasions).
Ex: sulphonylurea
hypersensitivity,
ketoacidosis, insulin
therapy, other therapy
affecting
sulphonylureas or
glucose tolerance, other
underlying disease.

Start:
T1: 70
T2: 69
End titration:
T1:55
T2: 39

M/F:
T1: 39/31
T2: 48/21

Age:
T1: 71.4±4.8
T2: 70.2±4.1
(p<0.03)

Ethnicity:
T1: Caucasian
65, Hispanic 2,
Other 3
T2: C 64, H 2,
O 3

Weight (kg):
T1: 79.6±14.9
T2: 80.5±13.5

Washout phase: 7-
14 days, all oral
sulphonylurea
therapy stopped.
Excluded if fpg
controlled by diet
alone or
≥16.7mmol/l,
serum creatinine
>221µmol/l, total
bilirubin
>34µmol/l.
Titration  phase:
4-8 weeks,
treatment begun.
If fpg≤8.9mmol/l
on 2 consecutive
occasions,
patients
continued.
Maintenance
phase: 4 months
measurements
monthly.

Power calculation
not stated

Primary:
fpg, HbA1c

fpg reduced from baseline to end titration
in both T1 and T2 (both p≤0.001) and T1
vs. T2 (p≤0.001). No differences T1 vs.
T2 in maintenance phase. In titration
period, 53 (80%) of T1 and 38 (64%) of
T2 achieved glycaemic control.
HbA1c reduced from baseline to end
titration in T1 (p≤0.05), T2 (NS). No
differences T1 vs. T2 in titration or
maintenance phase.

fpg(mmol/l)                        T1          T2
Baseline   (n=65, 58)           11.0      10.6
End titration (n=65 58)        8.0         8.3
End titration (n=54, 39)        7.2        7.6
Maintenance (n=54, 39)       7.6        7.5
HbA1c (%)
Baseline (n=48, 40)                5.7      5.8
End titration (n=48, 40)          5.5      5.6
End titration (n=41, 33)          5.3      5.5
Maintenance (n=41, 33)          5.3      5.4

Adverse
events
related to
therapy:
T1 14%,
T2 12%
All except
1 mild to
moderate
and did
not affect
therapy.
Hypoglyc
aemic
events: T1
3, T2 1.
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Insulin secretagogues: RCTs

gliclazide/glibenclamide/glipizide
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Harrower
& Wong,
1990

T1: gliclazide
T2: glibenclamide
T3: glipizide

Dosages not reported

Not reported, Scotland

Type 2 diabetes

Mean ± SE
T1: 1.7 ± 0.2
T2: 1.9 ± 0.2
T3: 1.6 ± 0.2

Inclusion: Type 2
diabetes; patients had
failed to reduce post
prandial glucose
<10mmol/l or HbA1c
<10% despite
supervised dietary
treatment for at least 6
months

Exclusion criteria not
stated

T1: 86
T2: 84
T3: 86

T1: 40/46
T2: 36/48
T3: 38/40

T1: 57 ± 2 (SE)
T2: 57 ± 2
T3: 60 ± 3

5 years

Not reported

Secondary
failure rate

Secondary failure rate with
sulphonylureas (number of patients who
failed)
T1: 6 (7%)
T2: 15 (17.9%)
T3: 20 (25.6%)
T1 was significantly better than T3
(p<0.005) but no other differences were
significant.  BMI was significantly
lower in the failure group compared to
the responder group for each drug.

Conclusions: Gliclazide was
significantly better (less secondary
failure) than glipizide but no other
differences were significant.

Not reported. Not
reported
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Insulin secretagogues: RCTs

glimepiride
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Sonnenberg
et al, 1997

Double blind
crossover study.
Phase I: 1 week
single blind
screening period; all
subjects took
glimepiride (3 mg);
Phase II: (for
patients with fpg
≥6.1mmol/l) 3 week
single blind placebo
washout period;
Phase III: (patients
with fpg 8.8-16.5
mmol/l and increase
in fpg of at least
1.39mmol/l after 2
weeks placebo) 4
week double blind
treatment period
with T1 or T2
Phase IV: 3 week
single blind placebo
washout period
Phase V: 4 week
double blind
crossover of Phase
III treatments.

T1: glimepiride (6
mg/once daily)
T2: glimepiride (3
mg/twice daily)

9 US centres

Type 2 (NIDDM
referred to throughout
paper)

7.2 years

161 began phase
I, 94 completed
the entire study.

Not reported

61 years

15 weeks

yes

Fasting, 24 hour
and postprandial
concentrations
of glucose,
insulin and –
peptide.

Glucose
Both twice daily and once daily
regimens proved equally effective in
reducing concentrations of fasting, post
breakfast, post lunch and post dinner
plasma glucose.  The 24 hr mean
glucose concentrations showed a
slightly greater decease from baseline
for the twice daily regimen. (p=0.018).

Insulin
No significant differences between the
two regimens were found in the change
from baseline fasting insulin
concentrations and 24 hour average
change from baseline insulin
concentrations.

C-peptide
For both regimens, the change from
baseline in fasting and 24 hour average
C-peptide concentrations was not
statistically significant.

Conclusions: Glimepiride was equally
effective in once or twice daily doses.
Glimepiride seems to stimulate insulin
production primarily after meals but
controls blood glucose throughout the
day.

Not reported Incidence of
adverse effects
was similar for
those on
glimepiride and
placebo.
Headache was the
only symptom
reported by more
than 5% of
patients (*8% in
glimepiride and
6% in placebo); 7
patients
withdrawn (4
during
glimepiride and 3
during placebo)
for adverse
events.
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Insulin secretagogues: RCTs

glimepiride/placebo
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean
±SD (range)
years

Follow-up
period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Rosenstock
et al 1996

T1a: glimepiride 8mg q.d.
T1b: glimepiride 4mg
b.i.d.
T1c: glimepiride 16mg
q.d.,
T1d: glimepiride 8mg
b.i.d.
i.e. two dosing intervals
and two dose
concentrations
( those receiving
16mg/day, started at
8mg/day increasing after
1 week to 16mg/day)
T2: placebo in same doses
as T1

Therapy to stop if:
fpg<3.9mmmol/l or
>21mmol/l on 2
successive visits and
>4.2mmol/l  increase
from baseline

32 Ambulatory clinics,
USA

Type 2

Duration median 5-7
years
(p<0.05 between T1 and
T2)

In: fpg<10mmol/l at
start rising by
≥1.4mmol/l during 3
week washout, and fpg
between 10-16.7mmol/l
3 days before
randomisation and
differing ≤2.8mmol/l
from 7th day before
randomisation.

T1a: 88
T1b: 81
T1c: 83
T1d: 85
T2: 79

M/F %
T1a: 74/26
T1b: 70/30
T1c: 66/34
T1d: 72/28
T2: 67/33

Age:
T1a: 61.8±9.9
T1b:
58.8±510.2
T1c: 59.6±9.9
T1d: 61.7±8.9
T2: 61.1±9.7
p<0.05
between some
groups

Weight:
means  82.9-
86.8 (NS
between
groups)

Washout: 3
weeks using
placebo
FU: 14 weeks,
measurements
taken at weeks
1,2,4,6,8,10,12,
14

Power
calculation not
stated

Intention to treat
analysis
(missing data:
fpg (T1a 1, T1b
1, T1c 1, T1d 2,
T2 3: HbA1c
T1a 12, T1b 7,
T1c 8, T1d 5,
T2 13)

Primary
fpg
PPG ,2hr  post
prandial
HbA1c

Secondary
Fasting C-
peptide
2hr postprandial
C-peptide
Insulin

Baseline, median fpg and PPG values similar
in T1 and T2. Over FU, compared with
baseline, levels decreased in all T1 (p<0.001)
and increased in T2 (p<0.05).  Differences for
T1 vs. T2 at each measurement point
(p<0.001).
Similar findings for PPG and for HbA1c,
although some differences for latter at
baseline between T1d and T2 (p<0.046).

Median reduction in fpg 0.6mmol/l greater if
two equally divided doses given instead of
one daily dose (p=0.047). No difference for 8
or 16mg daily.
For HbA1c, no differences by total daily
dose. Twice daily dose gave 0.3% greater
decrease in median value than once daily, for
16mg/day only (p<0.024).

 medians                         all T1              T2
fpg (mmol/l)             (n=332)       (n=76)
Baseline                     12.4-13.0      13.0
14 weeks                    8.8-9.8          14.5
HbA1c (%)                (n=305)        (n=66)
Baseline                     7.7-8.1            7.7
14 weeks                   7.4-7.6            9.7

No differences in fasting or postprandial C-
peptide or insulin at baseline.  Levels
increased in all T1 groups (vs. baseline
p<0.001) and decreased in T2 in all
(p<0.001) except fasting insulin. Differences
between groups vs. baseline all p<0.001.

Dropouts:
79 (19%) stopped
treatment, 54%
T2, 7-17% T1
(p<0.001). Main
reason, T2
hyperglycaemia,
T1 varied.
Non dropout
adverse effects:
10% of T2, 7% of
T1. Problems:
mainly nervous,
digestive, 2 mild
non-symptomatic
hypoglycaemia.
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Insulin secretagogues: RCTs
glimepiride/glibenclamide

Author Treatment comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Result
s
Other

Adverse
effects

Massi-
Benedet
ti et al,
1996

Initial screening phase
where patients were
randomised to
glimepiride (3 mg) or
glibenclamide (10 mg)
for 14 to 28 days to
achieve fbg 5.6-8.3
mmol/l.  Then an open
exercise phase where
stabilised patients from
were randomised to
exercise (T2 and T4) or
not to exercise (T1 and
T3).  Exercise consisted
of riding a bicycle
ergometer for 1 hour at
a pulse rate of 120 beats
per minute.  A 3-hour
baseline profile was
made at the end of the
stabilisation phase and a
3-hour endpoint profile
at the end of the test
phase.

T1: glimepiride (3 mg)
+ no exercise
T2: glimepiride (3 mg)+
exercise
T3: glibenclamide (10
mg) + no exercise
T4: glibenclamide (10
mg) + exercise

14 centres in Denmark,
Great Britain, Italy and
South Africa

Type 2 diabetes

T1: 6.2 (<1-24.6)
T2: 4.8 (<1-16.8)
T3: 3.1 (<1-24.9)
T4: 6.6 (<1-21.5)

Inclusion: fbg of 5.6-10.0
mmol/l who had been
treated at least 3 months
with a sulphonylurea

Exclusion: coronary heart
disease, cardiomyopathy,
arrhythmia or other
significant cardiovascular
disease, antidiabetic
treatment other than
sulphonylurea including
combination therapy,
concomitant treatment
which might interfere
with glucose homeostasis
or cardiac function,
gastrointestinal diseases
interfering with
absorption and any acute
or chronic, clinically
relevant disease.

T1: 39
T2: 45
T3: 48
T4: 43

T1: 28/11
T2: 32/13
T3: 25/15
T4: 32/11

T1: 53.6 (35-67)
T2: 51.6 (38-64)
T3: 53.5 (33-64)
T4: 52.1 (41-65)

14-28 days

Not reported

Blood
glucose

Insulin

C-peptide

Blood glucose
AUC/1-3 h of blood glucose decreased for both drugs with
exercise.  Mean reduction in blood glucose concentration of
patients who exercised compared with those who did not was
similar for both drugs: -1.7 mmol/l  (CI: -2.6, –0.9 mmol/l) for
glimepiride and –1.5 mmol/l (CI: -2.4, –0.6 mmol/l) for
glibenclamide. (p=NS).

Insulin
Pairwise comparison showed that the AUC/1-3 h of serum insulin
was significantly lower  (p=0.0001) with exercise than without
exercise for glimepiride patients .  Exercise minus no exercise,
mean change: -59.4 pmol/l (CI: -87.0 , –31.7 pmol/l).  For
glibenclamide there was no significant difference (p=0.2318)
with or without exercise.  Exercise minus no exercise mean
value: -16.8 pmol/l (CI: -44.4, 10.9 pmol/l).

C-peptide
Pairwise comparisons showed AUC/1-3 h of serum C-peptide was
significantly lower (p=0.0001) with exercise than without
exercise under glimepiride treatment.  Exercise minus no
exercise, mean change: -0.31 nmol (CI: -0.47, -0.16 nmol/l).  For
glibenclamide there was no significant difference (p=0.8547)
between exercise and no exercise.  Exercise minus no exercise
mean value: -0.01 nmol. (CI: -0.17, 0.14 nmol/l).  There was a
difference between the two drugs during exercise (p=0.0327).
The showed AUC/1-3 h of serum C-peptide was lower under
glimepiride treatment than under glibenclamide treatment.
Glimepiride exercise minus glibenclamide exercise, mean value:
-0.16 nmol/l (CI: -0.31, –0.01 nmol/l).

Conclusions: A blood glucose lowering response to acute
exercise was demonstrated in patients treated with either drug but
a significant suppression of endogenous insulin secretion was
observed for glimepiride only.

Not
report
ed

Not
reported
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 Insulin secretagogues: RCTs
glimepiride/ glibenclamide (glyburide)

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Result
s
Other

Adverse
effects

Dills et
al, 1996

Four week placebo
washout period
followed by
stratification into low
(≤240
mg/dl/13.32mmol/l)
or high (> 240
mg/dl/13.32mmol/l)
fpg groups and
randomised to T1 or
T2.  Then a 12-week
titration phase until
fpg controlled in
range  90-150 mg/dl
/5.00-8.32mmol/l and
the fpg level was
reduced at least 25
mg/dl/1.39mmol/l
below baseline.  Then
40-week maintenance
phase.

T1: glimepiride 1-16
mg/d)
T2: glyburide (1.25-
20 mg/d)

30 study sites in USA

Type 2 (referred to as
NIDDM)

T1: 5 ± 6
T2: 5 ± 6

Inclusion: age 30-80
years, weighing 90-
150% of ideal body
weight; fpg <
11.0mmol/l for
hypoglycaemic agent
users and fpg 8.88-
16.5mmol/l for those
treated with diet alone.

Exclusion: history of
diabetic ketoacidosis,
previous history of
primary or secondary
failure on oral
hypoglycaemic agents,
evidence of hepatic or
renal disease, known
allergy or
hypersensitivity to
sulphonylureas or
concurrent therapy with
medications known to
affect glucose tolerance
including
coritcosteroids and
nicotinic acid.

T1: 289
T2: 288

T1: 61/39
T2: 58/42

T1: 59 ± 10
T2: 60 ± 10

1 year

Not reported

fpg and
HbA1c

(postprandia
l glucose)

Insulin and
C-peptide

fpg
Prompt drop in fpg in both groups after starting treatment.  Mean
decrease of fpg from baseline at end of week 16 was 67 ± 46 mg/dl /
3.72± 2.55mmol/l(p≤0.001) in T1 and 70 ± 48 mg/dl /
3.88±2.66mmol/l in T2.  In the maintenance phase no statistically
significant difference between two groups.

At the end of the study mean decrease in fpg was 49 ± 54 mg/dl /
2.72±3.0mmol/l for T2 and 44 ± 60mg/dl / 2.44±3.33mmol/l for T2
(p ≤ 0.001).

HbA1c (decrease)
0.85 ± 1.12% decrease in T1 at end of 16 week titration phase and
0.83 ± 0.96% in T2 (p=NS).  Maximum reduction in HbA1 was
reached at 16 weeks and remained stable at 6 months.  At endpoint
T1 was 8.24 ± 1.51% and T2 was 8.28 ± 1.48%.

Postprandial glucose (decrease)
T1: 53 ± 68 mg/dl / 2.94±3.77mmol/l (p≤ 0.001 vs. baseline)
T2: 51 ± 71 mg/dl / 2.83±3.94mmol/l (p≤ 0.001 vs. baseline)

Fasting insulin and C-peptide levels
Fasting insulin at endpoint increased significantly over baseline in
both treatment groups.  Mean increase of fasting insulin was 3.9 ±
9.35 µU/ml in T1 (p ≤ 0.001 vs. baseline) and 3.7 ± 7.64 µU/ml in
T2 (p ≤ 0. 01 vs. baseline); T1 vs. T2 p=NS.

Mean increase of fasting C-peptide was 0.04 ± 0.39 pmol/ml (p=NS)
in T1 and 0.08 ± 0.33 pmol/ml (p≤0.01) in T2.

Conclusions: Both drugs were associated with decreases in fpg and
HbA1c but there was a lower incidence of hypoglycaemia with
glimepiride compared with glyburide.

Not
report
ed

Incidence
of adverse
events
was
similar in
both
groups
except for
hypoglyca
emia,
which was
significant
ly less,
frequent
in
glimepirid
e group
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 Insulin secretagogues: RCTs

nateglinide/placebo

Author (s) Study Type of intervention Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Hanefeld et al 2000 Multicentre,
randomised,
double-blind,
parallel-
group,
4 week single
blind run-in

Nateglinide different
doses versus placebo
T1: 30mg
T2: 60mg
T3: 120mg
T4: 180mg
T5: placebo
before 3 main meals

European
multicentres

Started
T1: 51
T2: 58
T3: 63
T4: 57
T5: 60
Completed
T1: 44
T2: 54
T3: 60
T4: 53
T5: 54

Inclusion: Type 2 diabetes without
complications, treated with diet and
exercise; fpg ≥7.8mmol/l and mean
HbA1c 6.8-10.5%

Exclusion: fpg>15mmol/l,
complications or concomitant treatment
affecting efficacy or safety assessments,

All other antidiabetic agents
discontinued at least 3 months before
randomisation

Ranged 54.4 to 58
in different groups
(30-75 years)
(25% >65+)

67% male

Almost all
Caucasian

12 weeks HbA1c

fpg
fructosamine

Results

Treatment groups were comparable at baseline with respect to demographic characteristics.
Mean HbA1c, fpg, fructosamine and fasting lipid concentrations at baseline were similar in all treatment groups.

T1 T2 T3 T4 T5

HbA1c (%)
Change from baseline -0.20 (-0.48 to 0.07) -0.38 (-0.62 to -0.13) -0.55 (-0.79 to -0.30) -0.56 (-0.81 to -0.31) 0.07 (-0.18 to 0.32)
Difference from placebo -0.27 (-0.65 to 0.10) -0.45† (-0.80 to -0.10) -0.62‡ (-0.97 to -0.27) -0.64‡ (-0.99 to -0.28) –

fpg (mmol/l)
Change from baseline -0.42 (-0.95 to 0.12) -0.46 (-0.94 to 0.02) -0.92 (-1.40 to -0.44) -0.56 (-1.05 to -0.08) 0.22 (-0.27 to 0.72)
Difference from placebo -0.64 (-1.37 to 0.08) -0.69 (-1.37 to 0.00) -1.14* (-1.83 to -0.46) -0.79 (-1.48 to -0.10) -

Data are means (95% CI).  Changes versus placebo (analysis of variance model): *p<0.01, † p<0.05, ‡p<0.001

Incidence of adverse events higher in pooled nateglinide group (49.3%) compared with placebo (35.0%) the incidence of events was not dose dependent, most of the events were mild symptoms suggestive of hypoglycaemia, no patients
were discontinued for hypoglycaemia
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Insulin secretagogues: RCTs

nateglinide/glibenclamide (glyburide)/placebo
Author (s) Study Type of intervention Setting and

location
Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Duration Main outcome measures

Hollander et al 2001 Randomised,
double-blind,
placebo-
controlled, 4
week run in

T1: 120mg nateglinide
T2: 5mg q.d. titrated
to 10mg q.d. after 2
weeks glyburide
T3: placebo

Multicentre,
USA

Start
T1: 51
T2: 50
T3: 51
Completed
T1: 48
T2: 48
T3: 47

Inclusion: Type 2 diabetes diagnosed at
least 3 months before entry, age 32-75,
treated by diet along for 4 weeks, HbA1c

6.8-11.0%, BMI 20-35kg/m2

Exclusion: acute metabolic or other
diabetes complications, known
sensitivity to nateglinide or glyburide,
substance misuse, cardiovascular or
liver disease, elevated triglyceride levels

15.7-25.5
≥65 years in
groups

48.0-58.8% males
in groups

not stated

8 weeks treatment HbA1c

glucose
insulin
c-peptide profiles

Results

Following a liquid meal challenge
Nateglinide reduced the glucose spike from 4.45mmol/l to 3.71 mmol/l p<0.001 vs. placebo
Glyburide reduced the glucose spike from 5.15mmol/l to 4.63mmol/l p not significant
30% of patients treated with nateglinide and 13% of patients treated with glyburide achieved good glucose control (2-h post prandial glucose <7.8mmol/l)
Approximately 60% of patients treated with glyburide or nateglinide achieved 2-h post prandial glucose levels ≤11.1mmol/l
fpg was higher in patients randomised to glyburide at baseline (1.3mmol/l, p<0.001), at 8 weeks fpg was reduced by 1.9mmol/l (p<0.001) more with glyburide than nateglinide, fbg tended to increase over 8 weeks in the placebo group
Treatment with nateglinide did not affect fasting levels of c-peptide, insulin or proinsulin
Glyburide increased fasting c-peptide versus placebo or nateglinide (p<0.001)

Solid meal challenge
Nateglinide and glyburide both augmented the insulin response to solid meals - with differing underlying mechanisms
Nateglinide increased early insulin release and levels returned to control or baseline levels between meals
With glyburide the insulin response was delayed and prolonged, relative to nateglinide, maximum insulin levels were not seen until 2 hours post mealtime and insulin levels did not return to baseline levels between meals
Nateglinide was more effective than glyburide in reducing glucose excursions after a solid meal, particularly after an overnight fast

Adverse effects
The only treatment related side-effects was an increase in symptoms suggestive of hypoglycaemia, for both arms of the study, nateglinide fared better (p<0.005) than glyburide but had more events than the placebo group
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Insulin secretagogues: RCTs

nateglinide/metformin/ nateglinide+metformin/placebo
Author (s) Study Type of intervention Setting and

location
Numbers
randomised

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period Main outcome measures

Horton et al (2000) Prospective,
double-blind,
randomised
placebo
controlled,
4 week
washout,
4 week run in

T1: 120mg nateglinide
T2: 500mg (titrated to)
metformin
T3: 120mg nateglinide
and 500mg metformin
T4: placebo

USA,
multicentre

Started
T1: 179
T2: 178
T3: 172
T4: 172
Completed
T1: 134
T2: 133
T3: 135
T4: 106

Inclusion: ≥30 years age, Type 2
diabetes diagnosed at least 3 months,
BMI 20-35kg/m2, HbA1c 6.8-11.0%, fpg
≤15mmol/l

Exclusion: Type 1 diabetes, secondary
forms of diabetes, significant
complications, renal impairment

71% aged
<65 years

62.2% male

80.6% Caucasian

24 weeks
treatment

HbA1c

fpg
change in body weight
plasma glucose levels after
liquid meals

Results

No significant differences in baseline HbA1c or fpg among the four treatment groups, both parameters decreased from baseline with all active treatments, whereas an increase was observed with placebo
Changes in HbA1c from baseline T1: -0.5, T2: -0.8, T3: -1.4%, T4: +0.5%, p≤0.0001
Changes in fpg from baseline T1: -0.7mmol/l, T2: -1.6mmol/l, T3: -2.4mmol/l, T4: +0.4mmol/l, p≤0.0001
No significant changes from baseline in body weight of the active treatment groups at the end of the study
77.2% patients experienced adverse events with a slightly higher occurrence in the active treatment groups (77.7% nateglinide, 79.2% metformin and 83.1% combination) compared with placebo (68.6%), the most frequently observed
adverse events were suggestive of hypoglycaemia (13.6%), there were no serious hypoglycaemic events
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Insulin secretagogues: RCTs

repaglinide/placebo
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Goldberg
et al 1998

T1: repaglinide
Oral tablets at
increasing doses of
0.25, 0.5, 1.0, 2.0, 4.0,
8.0mg, taken
preprandially with 3
meals to meet target
fbg 5-9mmol/l by
week 8. At week 8, if
fpg reduced
<0.6mmol/l since last
dose-adjustment,
patients on maximum
dose, dose reduced to
4mg a.c. If fpg
stabilised in target
range, dose either
increased or
decreased by
investigator to
achieve better range.
14% reached
maximum dose of
8mg during
maintenance period.
T2; placebo, similar
dosage regimen to T1.

5 medical centres, USA

Type 2

Duration of diabetes
T1: 5.6±4.5(0.3-20.5)
T2: 5.1±4.5(0.4-20.5)

In: Diabetes>3months,
not on insulin, aged 40-
75, weight 90-150% of
desirable weight for
sex, frame and height,
normal vital signs for
age and disease state,
normal ECG, fpg 8.9-
16.7mmol/l in
sulphonylurea-naive
patients or
fpg<10mmol/l before
washout in
sulphonylurea treated
patients (reassessed to
≤17mmol/l with
increase of >1.4mmol/l
compared with
baseline).

Start:
Randomised
T1 67
T2 33
Treated
T1: 66
T2:33
At end
T1: 56
T2: 18
M/F
T1: 49/17
T2: 25/8
Age
T1:
58.7±9.3(41-75)
T2:
56.4±8.7(41-72)
Ethnicity
T1: White 58,
other 8
T2: White 29,
other 4
BMI
T1:
30.6±5.0(23.1-
51.0)
T2:
30.0±4.5(20.9-
37.7)

Washout: 2 weeks
Dose adjustment:
6 weeks
Maintenance: 12
weeks,
measurements
taken at week 12,
16, 20
At week 20, new
treatment: 12
weeks
Treatment with
repaglinide or
placebo
discontinued and
another
appropriate
antidiabetic agent
prescribed by
investigator.
Measurements
taken at weeks
24,28,32

Power calculation
not stated
Intention to treat
analysis

Primary
HbA1c
FPB
2 hour PPG
insulin
2hour
postprandial
insulin
C-peptide
Secondary
(safety)
plasma lipids
(triglycerides,
total cholesterol,
HDL
cholesterol,
LDL
cholesterol),
body weight
blood pressure
adverse events
hypoglycaemic
events

HbA1c values declined in T1 and rose in
T2 from baseline (T1 vs. T2 p≤0.05).
Similar results in subgroup of patients
previously treated with sulphonylurea.
Similar results for fpg and PPG.
HbA1c (%)                           T1         T2
Baseline to week 8             -0.5       +0.5
Week 8 to week 20             -1.8       +1.1
Sulphonylurea naïve
Baseline to week 20           -2.7

 Mean changes from baseline (n)
                               T1          T2
fbg (mmol/l)     -1.7 (64)  1.7
(31)(p<0.0001)
Fasting insulin (pmol/l)
                           -2.6(59)  3.1(27)
(p<0.00)1)
Fasting C-peptide (mmol/l)
                           0.2(62)  0.0(29)
(p<0.013)

Also differences for 2 hour postprandial
glucose, insulin, C-peptide, T1 vs. T2 (all
p<0.05).

No differences T1 vs. T2 for cholesterol,
HDL and LDL cholesterol, triglycerides

T1, no changes in
weight, T2, 2kg loss
in weight.

T1 10
(15%) and
T2 15(45%)
not
complete
study. 10%
in T1 and
T2 not
comply with
protocol, T2
30% vs. T1
5%
discontinue
d treatment
because of
ineffective
therapy.
Adverse
events, T1
64, T2 10,
but most for
mild to mod
hypoglycae
mia, T1 54,
T2 2. 50%
in T1
reported in
dose-
adjustment
phase. 1
event
BG<2.5
mmol/l
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Insulin secretagogues: RCTs

repaglinide/glibenclamide
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Landgraf
et al 1999

T1: repaglinide,
preprandial 3
times/day, doses of
0.5, 1.0, 2.0 or 4.0mg
per meal (max dose
1.5, 3.0, 6.0, or
12.0mg/day)
T2: glibenclamide,
preprandial, dose
1.75, 3.5, or 7.0mg
1/day am or dose
10.5mg 2/day as
7.0mg am and 3.5mg
pm + placebo for 3rd
dose/day

Multicentre, 21 clinics:
Germany, Austria,
Netherlands

Type 2

Duration of diabetes
T1 and T2: both 10±7

In: If fbg increased by
≥1.5mmol/l in washout
sulphonylurea-free
period,
diabetes≥1 year,
treatment with
sulphonylurea >6mths,
fbg 6.2-12.0mmol/l and
HbA1c 6.5%-12% on
treatment with
sulphonylurea.
Ex: Impaired kidney or
liver function, cardiac
problems, severe
uncontrolled
hypertension, taking
other investigational
drugs, corticosteroids,
metformin, acarbose,
insulin, lipid-lowering
drugs.

Start:
T1 94 T2 101
End:
T1: 83 T2: 78

M/F : T1 56:38
T2 57:43

Age:  T1 61±7
T2 63±9

Ethnicity
T1 90
Caucasian: 4
Oriental
T2: 93 C:6
Black: 1 O

Washout: 2
weeks
Titration period: 4
weeks
Maintenance
period:  10 weeks

Main:
HbA1c
BG
Secondary:
Triglycerides
Total
cholesterol
HDL
LDL
C-peptide
Proinsulin

No significant differences between T1
and T2 for HbA1c, mean blood glucose,
mean blood glucose relative to fasting
blood glucose, or fbg.
No significant differences between T1
and T2 for C-peptide, insulin, pro-insulin
although fasting levels increased in both
T1 and T2.
HDL-cholesterol was significantly higher
in T1 than T2 at end compared with
baseline (p=0.005). Other blood lipid
profiles showed no significant changes.

Drop outs:
ineffective
therapy (T1
4; T2 7),
adverse
events (T1
2; T2 4).
In study:
57 T1, 61
T2  patients
had 240
adverse
events, no
differences
in severity,
70% mild,
23-29%
related to
study
medication.
Hypoglycae
mic events,
T1 17 mild,
3 moderate,
T2 13 + 2,
T1 vs. T2
NS.
Hyperglyca
emic events,
T1 11 mild,
2 mod/sev,
T2 2 + 3)
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Insulin secretagogues: RCTs

repaglinide/ glibenclamide (glyburide)

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Marbury et
al 1999

T1: repaglinide, started
at 0.5mg preprandially,
with 3 meals, increased
in units of 1,2,4 mg
(daily maximum 12mg).
T2: glyburide 2.5mg,
once daily before
breakfast, increased to 5,
10, or 15mg (10mg
breakfast, 5mg before
dinner) daily with
placebo tablets to
balance T1 dose
schedule.

Target: fpg 4.4-
7.7mmol/l

If
FPB>160mg/dl/8.88mm
ol/l with previous oral
hypoglycaemic therapy,
could start at 1mg
repaglinide or 5mg
glyburide.
Dose could be reduced in
FU if FPB <4.4mmol/l
of clinically
unacceptable
hypoglycaemic events.

Multicentre, USA

Duration of diabetes:
T1: 7.2±6.2
T2: 8.3±6.8

In : Aged 37-75, BMI 20-
40, Type 2 diabetes ≥6
months, treated by diet/
exercise or oral
hypoglycaemic agent,
HbA1c between 6.5-
14.6%.
Ex: Chronic insulin use,
severe uncontrolled
hypertension, cardiac
disorders, proliferative
retinopathy, serum
creatinine
>1.6mg/dl/141µmol/l,
aspartate aminotransferase
>120U/I, alanine
aminotransferase >195 U/I,
known contraindications to
glyburide or had received
repaglinide or
corticcosteroids.

Start (treated)
T1: 383 (362)
T2: 193 (182)
End
T1: 216
T2: 115

M/F
T1: 242(67%)/120
T2: 144(66%)/62

Age
T1: 58.3±9.4
T2: 58.7±9.0

Ethnicity
T1: White 77%,
Black 9%, Other
14%
T2: White 79%,
Black 9%, Other
12%

BMI
T1: 29.4±3.7
T2: 29.1±3.7

Titration period:
weeks 1-8
Maintenance FU:
12 months,
measurements every
2 months

Power calculation

Primary
fpg
HbA1c

Fasting insulin
C-peptide
Lipids
(triglycerides,
total cholesterol,
HDL, LDL)
Secondary
Blood pressure,
pulse, weight,
adverse events,
illness, other
medication

Additional
analyses by
pharmocotherapy
naive (T1n, T2n)
and previous
therapy (T1t, T2t)
category

Overall, mean changes in HbA1c from baseline
(8.8-9.6%) similar in T1 (0.08%) and T2
(0.1%), with bigger decreases in
pharmacotherapy naive in first 3 months.
Mean fpg initially reduced from baseline but
by month 9 those in previously treated groups
had net increase.
                      T1n       T1t        T2n     T2t
 HbA1c (%) (n=45) (n=293) (n=21) (n=150)
Change    -1.3±.21 0.3±.06 -1.1±.32 0.3±.11
All mean changes vs. baseline, p<0.05. But
T1 nt vs. T2 nt NS

fpg(mmol/l) (n=43) (n=284) (n=21) (n=145)
Change  -1.72±0.58 0.87±0.17 -0.0±0.67
0.41±0.24
Mean changes in T1n and T1t vs. baseline
p<0.05. But T1  nt vs. T2 nt NS

 Change from baseline      T1                T2
Fasting insulin(µIU/ml) 4.83±0.97   6.17±1.32
C-Peptide (ng/ml)       0.41±0.09    0.77±0.12
triglyceride(mmol/l)     0.07±0.16 -0.07±0.16
total cholesterol(mmol/l) –0.16±0.04 -
0.19±0.06
HDL(mmol/l)    -0.02±0.01  -0.00±0.01
LDL(mmol/l)  -0.13±0.04-0.17±.02
fibrinogen  13.73±9.88  26.34±11.51
C-peptide difference T1-T2, -0.36 95% CI -
0.65, -0.06, p<0.05. All others NS.

No differences in
weight between T1 (-
0.22kg) and T2
(0.05kg).
For pharmocotherapy
naive, T1 gained
2.45kg vs T2 3.64kg

Adverse
events related
to study, T1
30% , T2
28% . Most
common,
hypoglycaemi
c symptoms,
T1 15%, T2
19%, other
symptoms<5
%
Discontinuati
on T1 10%,
T2 10%, main
cause
hypoglycaemi
c events, both
T1 and T1
1%.
Serious
adverse
events, T1
10%, T2 6%,
CVD events
T1 5%, T2
2%.
3 deaths
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Insulin secretagogues: RCTs

repaglinide/ glibenclamide (glyburide)
Author Treatment

comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Wolffenb
uttel et al
1999

T1: repaglinide
4 dosage levels (daily
dose 1.5mg, 3.0mg,
6.0mg, 12.0mg, taken
as 3 identical doses
(0.5mg-4mg) in
encapsulated tablets
before meals.
T2: glyburide
4 dose levels (daily
dose 1.75mg, 3.5mg,
7.0mg all taken before
breakfast or 10.5mg
(7.0mg before
breakfast and 3.5mg
before dinner).
Medication was taken
before each of three
meals with placebo
used to balance T1
regimen.

Diet only treated
patients started on
lowest dose,
sulphonylurea patients
on first or second
dose, those on
maximum dose of
sulphonylurea started
on dose 2 or 3.

Multicentre, Germany

Type 2

Duration of diabetes:
T1: 6(0.5-35)
T2: 6(0.5-28)

In: Treated with oral
BG-lowering agents
and/or diet, aged 40-75,
BMI 21-35,
HbA1c>6.5% if treated
by diet only and <12%
if treated with diet plus
oral BG-lowering
agents.
Ex: Abnormal kidney or
liver function, history of
chronic insulin
treatment, active cardiac
problems, recent MI,
unstable angina
pectoris, severe
uncontrolled
hypertension, other
interfering disease
states, known
contraindications to
sulphonylureas,
pregnant, breast
feeding, on systematic
treatment with
corticosteroids

Start:
T1: 286
T2: 139
End:
T1: 211
T2: 109

M/F %
T1: 62/38
T2: 68/32

Age
T1: 61±9
T2: 61±9

BMI (kg/m2)
T1: 28.4±3.6
T2: 28.0±3.4

Weight: (kg)
T1: 81.5±13.4
T2: 81.3±12.2

Titration period:
6-8 week to
optimise dosage
of T1 or T2
Maintenance
period: 12
months, on fixed
optimal dosage,
measurements
taken at
0,1,3,6,9,12
months

Power calculation

Intention to treat
analysis

Primary:
HbA1c

fpg
Secondary:
Fasting insulin
Fasting lipid
levels
4 point BG
profiles

No differences in HbA1c between T1 or
T2 at 12 months, or compared with
baseline although both were higher than
baseline
T1 +0.58% 95% CI 0.41-0.76
T2 +0.45% 95% CI 0.22-0.69
after decreasing during maintenance
period. Similar results for fpg.
In those treated by diet only (n=37),
decrease in HbA1c during treatment,
larger decrease in T2 (-2.4%) than T1 (-
1.0%) (p<0.05). No differences in those
on oral agents T1: 0.7%, T2: 0.6% (NS).

For lipids, no differences between T1 and
T2 or from baseline.

No changes in
weight.

Hypoglycae
mic events,
T1  26
(9%), T2 13
(9%) in
maintenance
period.
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α - glucosidase inhibitors: acarbose

Systematic review
Author (s) Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
included

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Campbell, L.K., White, J.R.,
Campbell, R.K. The Annals
of Pharmacotherapy 1996; 30
(11): 1255–1262

To review the clinical
pharmacology of acarbose and to
summarise its role in the
pharmacotherapy of diabetes
mellitus

Systematic review

Medline

Until December 1995

Not stated

Randomized, double-blind, placebo-
control (3 studies).
Randomized, double-blind, placebo-
control, parallel-group (2 studies)

Acarbose + diet (3 studies).
Acarbose added to: diet, metformin,
sulphonylurea, or insulin (1 study).
Acarbose vs tolbutamide, or acarbose
and tolbutamide (1 study)

22–58 wks

94–316 Not stated

T2 DM

Patient groups ranged 54–60 years
average age

Patient groups ranged 39–64% male

Not stated

results are given for:

HbA1c, Fasting
blood glucose, Post-
prandial blood
glucose, Post-
prandial
triglyceride, Body
weight, Insulin
concentrations,
Fasting C-peptide,
Post-prandial C-
peptide

Results

Drug treatment

Study & dosage regimen Results

Hanefeld et al 1991 ACB 100 mg t.i.d. mean HAC ↓ from 9.30% to 8.65% (p=0.003 vs PLA); mean FG ↓ from 176.4 to 151.2, no significant mean weight change in either group of subjects (p=0.81), both groups had a 1.5 kg
Wt loss over 24 wks

Coniff et al 1994 ACB 50–300 mg mean HAC change was -0.06% from t.i.d. baseline, PLA HAC change was 0.53%; mean difference in HAC concentrations b/t PLA patients & ACB patients was 0.59% (p≤0.0001);
mean change in FG & PPG different from PLA (p=0.015 & p≤0.0001, respectively).

Coniff et al 1995a ACB 100 mg t.i.d. mean HAC change was -0.40% to -0.77% in ACB 200 mg t.i.d.ACB group, & +0.33% in PLA group ACB 300 mg t.i.d. (p=0.05); mean change in FG & PPG different from PLA
(p=0.05); mean change in plasma glucose concentrations overall was 2.33*–3.57mmol/l ↓ for ACB group, 1.42mmol/l ↑ for PLA group (p=0.05)

Coniff et al 1995b ACB 200 mg t.i.d. mean HAC change from baseline was 0.04% TOLB 250–500 for PLA group, -0.54% for ACB group,.-0.93% for mg t.i.d TOLB group, & -1.32% for ACB+TOLB group (for ACB 200
mg t.i.d. all groups, p≤0.05 vs PLA#); ACB+TOLB had lower + TOLB 250–500 insulin concentrations, lower 60-min PPG, and less mg t.i.d.Wt gain than TOLB group (p≤0.05).

Chiasson et al ACB 100–200 mg mean HAC changes from baseline differed 1994 t.i.d. added to: significantly in all parallel groups (p≤0.01 vs PLA) (1) diet therapy, except insulin group (p=0.077 vs PLA); mean PPG
(2) metformin, change from baseline differed significantly in all (3) sulphonyl- parallel groups (p≤0.01); mean FG change from ureas, baseline differed significantly in diet &
sulphonylurea (4) insulin groups (p=0.01), but not for insulin (p=0.97) and metformin (p=0.11) groups.

Acarbose is effective in reducing post-prandial hyperglycaemia. It does not stimulate endogenous insulin secretion, and, therefore, will not cause hypoglycaemia when used as monotherapy. The enhanced glycaemic control achieved
with acarbose is additive to that of sulphonylureas. It lowers post-prandial serum glucose and insulin concentrations and does not promote weight gain. It can be used with diet and exercise, or in combination with sulphonylureas to
lower HbA1c concentrations by 0.5–0.9%.  The adverse effects are gastrointestinal, and can be diminished by starting with an initial dose of 25 mg t.i.d. Depending on patient response, the dosage can be increased up to a maximum of
100 mg t.i.d. over time. The adverse effects profile is relatively mild compared to other antidiabetic agents.



182 National Clinical Guidelines for Type 2 Diabetes

α - glucosidase inhibitors: RCTs

acarbose/placebo
Author Treatment

comparison
Drug & daily
dose

Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Lindstro
m J et al

2000

Double-blind
acarbose 100mg
three times daily
placebo three
times daily

Type 2 diabetes poorly controlled
with oral hypoglycaemic agents
Duration of diabetes ≥  two
months
5 centres in Finland
Inclusion Criteria
As above plus
Fasting plasma glucose >
7mmol/l
Postprandial plasma glucose 10 -
19 mmol/l on 2 separate days 2-4
weeks apart
Stable BMI ≤ 35Kg/m2

Exclusion Criteria
AST ≥ 50u/L
ALT ≥ 50u/L
SrCr ≥ 150mmol/l

Previous treatment with insulin
MI within last 6 months
Severe haemopoetic disturbance
Malignant tumours
Enteropathies
Febrile infections
Pregnancy/B Feeding
Excessive abuse of
Alcohol
Nicotine
Laxative/constipating drugs

Uncooperative patient
Simultaneous intake of other trial
substances

N = 107
(53 male)
(54 female)
(25 – 70 years)
Acarbose
N = 55

Placebo
N = 52

Placebo run-in
2-4 weeks
24 weeks
treatment
No
documented
power
calculation

Primary
efficacy
criterion
HbA1c
(baseline
adjusted) at  end
of study
Secondary
efficacy criteria
Blood glucose
and insulin
(fasting, 1hr
and 2hrs after a
standardised
breakfast)
Energy and
nutrient intake

At 24 weeks
Mean HbA1c
Acarbose           9.26% *

Placebo             10.21%  

∗p =     0.002 vs placebo

Mean Blood Glucose (mmol/l)
                            Fasting    Postprandial
                                          1hr         2hr
Acarbose              9.3       11.6        11.0
Placebo                10.5      14.5        13.7

                 p =      0.02     <0.001    <0.001

No effect on nutrient composition of diet
or on total energy intake

No
significant
change in
bodyweight

50% of 107
patients
reported an
adverse effect.
Mild to
moderate
gastrointestinal
effects
occurred in
acarbose group
mainly in first
four weeks of
treatment
Drop-outs
3 x placebo
7 x acarbose
(due to adverse
effects)
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α - glucosidase inhibitors: RCTs
acarbose/placebo

Author (s) Study Type of
intervention

Setting and
location

Numbers
randomised

Inclusion criteria/ Exclusion
criteria

Mean age
(years)

Male/female
(M/F) ratio

Ethnicity

Follow-up
period

Main outcome measures

Holman et al 1999 UKPDS 44 T1: acarbose (100mg/3
times a day maximum)
T2: placebo

(14% of patients were
treated with diet
alone,52% with
monotherapy and 34%
with combined
therapy)

23 clinical
centres in the
UK

1946 (59% of
original 3,309
patients
attending
UKPDS
clinics)

T1: 973

T2: 973

Type 2
diabetes

Inclusion: not reported. (all were
UKPDS patients)

Exclusion: 1353 patients did not enter
the study.  Of these 944 (28%) declined
and 419 (13%) were excluded-213 were
thought to be unsuitable for the study by
their physicians, 112 had gastrointestinal
problems, 74 had a severe or
immediately life-threatening illness and
20 had medical contraindications such
as pregnancy or steroid therapy.

Mean ± SD
T1: 60 ± 9

T2: 60 ± 9

63% men total in
both groups

Not reported

3 years

Loss to Follow-up

322 (17%)

4 monthly intervals; HbA1c,
FPG, body weight, side effects
and predefined clinical end
points were monitored

Results
Analysis at 3 years by allocated therapy (ITT) and by actual therapy: net difference in HbA1c between T1 and T2 according to pre-existing therapy for diabetes.

T1 T2 Net HbA1c difference p
Allocated
Therapy
Diet alone 115 107 -0.20(-0.68 to 0.27) 0.40
Sulphonylurea 193 185 -0.21 (-0.53 to 0.11) 0.19
Metformin 41 46 -0.32 (-0.98 to 0.33) 0.33
basal insulin 114 125 -0.28 (-0.62 to 0.06) 0.11
sulphonylurea+ metformin 154 142 -0.20(-0.66 to 0.26) 0.39
sulphonylurea+ insulin 42 49 -0.58 (-1.49 to 0.33) 0.21
multiple insulin 151 160 -0.12 (-0.54 to 0.29) 0.57
Actual
Therapy
Diet alone 49 73 -0.61 (-1.31 to 0.10) 0.092
Sulphonylurea 89 135 -0.51 (-0.92 to -0.08) 0.019
Metformin 17 32 -0.70 (-1.71 to 0.32) 0.17
basal insulin 58 92 -0.27 (-0.76 to 0.22) 0.28
sulphonylurea+ metformin 59 73 -0.32 (-1.29 to 0.65) 0.51
sulphonylurea + insulin 14 20 -0.07 (-1.30 to 1.16) 0.90
multiple insulin 33 51 -0.73 (-1.36 to -0.09) 0.025

(95% CI), no significant differences in the net HbA1c differences between the established therapy groups (ANOVA).  Interaction for allocated therapy group p=0.43 and for actual therapy group p=0.89 (ANOVA
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α - glucosidase inhibitors

acarbose
Author Treatment

compariso
n
Drug &
daily dose

Setting & Location
Type1 and/or 2
Diabetes duration, mean (range)
years
 Inclusion/Exclusion

Numbers
randomised
Male:Female
Age mean ±  SD
(range) years

Follow-
up period

Power
calculatio
n

Main outcome
measures

(other outcomes)

Results Metabolic factors Results
Other

Adverse
effects

Scorpiglion
e N,
Belfiglio M,
Carinci F,
Cavaliere D,
De Curtis A,
Franciosi
M, Mari E,
Sacco M,
Tognoni G,
Nicolucci A

1999

acarbose
median
dose 100mg
three times
daily
(maximum
150mg
three times
daily)

17 Outpatient clinics, unblinded.
Type 2 diabetes patients receiving
standard therapy with diet, oral anti-
diabetic agents (OAA), insulin.
Patients assigned to three different
groups according to physicians
clinical judgement
Observational Cohorts
Group A – Acarbose considered an
elective treatment
Group C – Acarbose deemed not to
be appropriate
Randomised cohort
Group B – Acarbose considered to
be of uncertain benefit

Exclusion criteria
Hypersensitivity to alpha-
glucosidase inhibitors
Poor metabolic control
Acute or chronic intestinal diseases
causing disorders of motility and
intestinal absorption. Lactose
intolerance Pregnancy/
breastfeeding. Pathologic
haemoglobins. Severe renal  or
hepatic impairment. Debilitating
diseases. Non compliance
Non consent

N = 1027

Group A

N = 283 (150 male)
Mean age (years)
62  ±  8.4
DD (years)
10.7 ±  7.1

Group B

N = 250 ( 122 male)
(124 randomly
assigned to standard
treatment + acarbose
and 126 to standard
treatment alone)

Mean age (years)
63  ±  9.5
DD (years)
10.5 ±  7.6

Group C

N = 484 (272 male)
Mean age (years)
66  ±  9.6
DD (years)
9.7 ±  8.9

DD = Diabetes
duration

One year
study

Sample
size
calculatio
n for
Group B
assuming
a mean
HbA1c

difference
of 1% =
210

SD = 2%
α= 0.05
Power of
95%

Primary efficacy
criterion
Mean HbA1c  (pre
and post prandial
values) difference
from baseline
compared for
treatment and
controls.

Secondary criteria
Fasting and
postprandial blood
glucose levels

Proportion of
patients with HbA1c

levels below 8% at
end of study period

Proportion of
patients who
required a
modification in the
standard treatment

Safety and
tolerability

In the randomised cohort (Group B),
(Intention to treat analysis 96.8% for control
group and 90.3% for acarbose group)

Mean HbA1c  levels were 0.3% (95%
confidence limits –0.60 + 0.02 ; p = 0.07)
lower throughout the study period in the
acarbose treated group compared with the
control group. NS
With respect to baseline HbA1c value. Benefit
was greater for those with very poor
metabolic control (0.65%) and not significant
for those with HbA1c  levels below 8%.

Mean reduction in postprandial blood glucose
level with acarbose was [0.94mmol/l]
17mg/dl (95% confidence limits –33.5 – 0.8 ;
p = 0.04)  greater than in the control arm
NS
Mean reduction in fasting blood glucose level
with acarbose was [0.32mmol/l] 5.8mg/dl
(95% confidence limits –18.2 + 6.5 ; p =
0.35)  greater than in the control arm
NS
Results for Group A closely reproduced those
of the Group B acarbose – allocated arm. No
changes in metabolic control were observed
in Group C

Changes in standard treatment were
significant in terms of dose reduction for the
acarbose group compared with the control
group. Acarbose treated patients were also
less likely to start insulin during the study
period.

8.0%
more
patients
treated
with
acarbose
than
control
had end
of study
HbA1c

levels
below
8%
compare
d with
baseline
.
p =
0.058
NS

41% of
patients
assigned to
acarbose and
15% of
patients
assigned to
the control
group
experienced
adverse
effects  -
largely
gastrointestina
l

13 patients in
the acarbose
group and 9
patients in the
control group
experienced
grade 1 or 2
hypoglycaemi
c episodes.

45/124
patients did
not take
acarbose  for
the whole
study period
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α - glucosidase inhibitors

acarbose/placebo
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration, mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Scott R
et al

1999

Double-blind
acarbose 50 - 100mg
three times daily
placebo three times daily

Type 2 diabetes on diet
therapy alone
 Duration of diabetes ≥  3 -
60 months
Five diabetes centres in NZ
and Australia
Inclusion Criteria
As above plus at Wk 0
(randomisation):
HbA1c > 6 ≤ 11%
Stable BMI  25 - 35Kg/m2

Fasting venous plasma
glucose < 10mmol/l
Fasting triglycerides
1 - 4 mmol/l
Exclusion Criteria
 Not stated

N = 105
< 70  years
Acarbose
N = 53 (33 male)
Mean age (years)
56  ±  9

Placebo

N = 53 (34 male)
Mean age (years)
57  ±  8

All 105 included
in intention to
treat analysis

6 weeks run-in
16 weeks
treatment
Power
calculation
estimated 24
patients required
per treatment
group for
efficacy
evaluation
(Based on a
decrease in
HbA1c of  0.89
± 1.07% for
acarbose  versus
placebo after 16
weeks
α  =  0.05
β  =  0.2

Primary efficacy
criterion
Effects on
metabolic
parameters of
insulin resistance
syndrome
Secondary
efficacy criteria
Fasting blood
glucose,  insulin,
proinsulin and
triglyceride
Postprandial
insulin, glucose,
proinsulin and
triglyceride
(following a
standardised
meal)
Measures of
insulin resistance

At 16 weeks
Mean HbA1c
Acarbose            decrease of 0.14% ∗

Placebo               increase of 0.25%
Change of  0.39%
∗p =     0.003 vs placebo 

Fasting glucose ↑ in placebo vs ↓ in
acarbose group p= 0.0001

Fasting insulin and proinsulin - No
significant difference

Fasting triglycerides (log)  ↓ in acarbose
group p= 0.03

Postprandial AUC glucose ↑ in placebo vs ↓
in acarbose group p < 0.0001

Postprandial AUC insulin ↓ in acarbose
group almost significant p = 0.06

Postprandial AUC proinsulin ↓ in acarbose
group almost significant p = 0.07

Postprandial AUC triglycerides - No
significant difference

Fasting lipids

Total cholesterol,
HDL-C, fibrinogen
No significant
difference

Insulin Resistance
Measures

No changes over time
course of study

Mild to moderate
gastro-intestinal
symptoms in
96% vs 94% of
acarbose treated
vs placebo
treated patients
(not treatment
limiting)
 Drop-outs
4 x placebo
4 x acarbose
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acarbose/placebo
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Chan JCN
et al

1998

Double-blind
Acarbose 100mg three
times daily
Placebo one tablet three
times daily

Asian, multiethnic
Type 2 diabetes
1st line intervention
following dietary failure
Duration of diabetes ≥
three months
Multicentre
Inclusion Criteria
As above plus
HbA1c 7-10%
Stable BMI  <  35Kg/m2

Exclusion Criteria
Previous treatment with
antidiabetic agents,
glucocorticoids or non-
selective beta-blockers
Significant gastrointestinal,
cardiovascular or renal
disease.

N = 126
35 – 70 years
Acarbose
N = 63 (32 male)
Mean age (years)
52.8  ±  10.2

DD = 2.7 ± 3.5
years

Placebo

N = 63 (32 male)
Mean age (years)
54.0  ±  10.0

DD =  2.1 ± 3.4
years

121 included in
intention to treat
analysis

DD = duration of
diabetes

6 weeks
screening
24 weeks
treatment
Power
calculation
estimated 36
patients required
per treatment
group for
efficacy
evaluation
(Based on a
decrease in
HbA1c of 0.8 ±
1.2% for
acarbose  versus
placebo after 24
weeks
α  =  0.05
β  =  0.2

Primary efficacy
criterion
HbA1c (baseline
adjusted) at  end
of study

At 24 weeks

Mean change in HbA1c
Acarbose            - 0.89%  ∗

Placebo              - 0.26%  

∗  p =     0.003 vs placebo

Mean change in  Blood Glucose (Mmol/l)
                               Fasting      Postprandial
                                                         (1hr)
Acarbose                - 0.37 ∗             - 0.77 ♦

Placebo                  + 0.41               + 0.65

∗  p =    0.017 vs placebo
♦ p =    0.05 vs placebo

Mean body weight
change was  - 1.31kg
with acarbose vs
+0.16kg with placebo
treatment.
 p =  0.02

HbA1c < 8% was
gained in 78% of
acarbose vs 56% of
placebo treated
patients.

No significant
reductions in
postprandial serum
insulin or plasma lipid
profile were observed.

Flatulence
reported in 52 %
of acarbose vs
37% of placebo
treated patients
p =  0.09 NS

Any adverse
event reported in
64% of acarbose
vs 44% of
placebo treated
patients.
p =  0.023
 Drop-outs
6 x placebo
11 x acarbose
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acarbose/placebo
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Fischer  et
al

1998

Double-blind
Acarbose 25, 50, 100 or
200mg three times daily
Placebo three times daily

Type 2 diabetes
1st line intervention
following dietary failure
Duration of diabetes ≥  6 -
60 months
Multinational, 5-arm study
Inclusion Criteria
As above plus
HbA1c 6.5 - 9%
Stable BMI ≤ 35Kg/m2

Bodyweight stable at ± 5kg
over previous 3 months
Exclusion Criteria
Altered thyroid function
Abnormal gut motility
Malabsorption syndrome
Lactose intolerance
Drug abuse affecting
action of acarbose or
compliance with treatment
Acute derangement of
metabolic control

N = 495 - start
N = 420 - efficacy
analysis
35 – 70 years
Acarbose 25mg
N = 86 (45 male)
Mean age (years)
58.5  ±  8.4

Acarbose 50mg
N = 88  (43 male)
Mean age (years)
55.5  ±  9.6

Acarbose 100mg
N = 78 (46 male)
Mean age (years)
56.8  ±  9.4

Acarbose 200mg
N = 87 (44 male)
Mean age (years)
59.4  ±  8.6

Placebo
N = 81 (43 male)
Mean age (years)
52.7  ±  8.7

6 weeks placebo
run-in
24 weeks
treatment
No documented
power
calculation

Primary efficacy
criterion
HbA1c (baseline
adjusted) at  end
of study
Secondary
efficacy criteria
Blood glucose  in
(fasting, 1hr  and
2hrs after a
standardised
breakfast)

At 24 weeks
Mean HbA1c
Acarbose
25mg     7.37%
50mg     7.08%
100mg    6.98%
200mg    6.79%
Placebo  7.83%

Mean Blood Glucose (AUC (2hrs))
Acarbose
25mg     21.2
50mg     19.6
100mg    20.3
200mg    18.5
Placebo  22.6

Global treatment  effect   p = ≤ 0.01 ?

Responder rate (by
absolute decrease in
HbA1c) was 2-fold
greater for 50mg tid
than 25mg tid

Mean bodyweight
showed only slight
changes with time in
all groups

There was no
significant effect on
liver enzymes

Reported rates of
flatulence were
similar with
25mg and 50mg
and greatest with
200mg dose.
This decreased
after 8 weeks
No signs of
hypoglycaemia
could be
observed either
with active drugs
or with placebo
even at 200mg
tid
 Drop-outs
Less than 3% of
trial participants
(due to adverse
events)
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acarbose/placebo
Author Treatment

comparison
Drug & daily
dose

Setting & Location
Type 1 and/or 2
Diabetes duration,  mean (range)
years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Kelley D et
al

1998

Double-blind
Acarbose 50 -
100mg three
times daily
Placebo three
times daily

Type 2 diabetes inadequately
controlled with diet and insulin.
Aim to keep insulin doses constant
during study unless to prevent
hypoglycaemia
8 centres in USA
Inclusion Criteria
As above plus
HbA1c 7-10%
Exclusion Criteria
Significant diseases  or conditions
likely to alter the course of
diabetes or effect the patient’s
ability to complete the study
Gastrointestinal diseases altering
gut motility or absorption
AST/ALT > 1.8 X ULN
SrCr ≥ 133µmol/l  (men) or
 ≥ 124µmol/l (women)
Haemoglobin < 11g/dl, or any
haemoglobin variant
Chronic enteropathies
Inadequately controlled
hypertension
MI within 2 months of screening
Pregnancy/Breast feeding
Concomitant glucocorticoids
Simultaneous intake of other trial
substances within 30d of screening
Medications to lower serum lipids
or blood pressure unless stable
dose and >28d before screening.
Medications affecting gut
motility/absorption

N = 195
> 30 years
Efficacy
Acarbose
N = 72  (45 male)
Mean age (years)
61.8
DD = 12.5 years

Placebo
N = 73 (35 male)
Mean age (years)
60.8
DD = 12.3 years

145 included in
efficacy
evaluation

192 included in
safety analysis

DD = Duration of
diabetes

2 weeks
screening
24 treatment
No documented
power
calculation

Primary efficacy
criterion
Mean change
from baseline in
HbA1c at double -
blind
end point

Secondary
efficacy criteria
Changes in
postprandial
glucose and
triglycerides

Changes in fasting
plasma glucose,
triglycerides and
cholesterol

At Study Endpoint
Mean change in HbA1c (baseline adjusted)
Acarbose  vs placebo    0.69%
 p =    0.0001
(ITT = 0.63% p= <0.0001)

Fasting glucose showed a slight but NS
reduction p = 0.4221
Acarbose significantly lowered postprandial
glucose AUC and at 60, 90 and 120 mins
after standardised meal
A favourable effect on postprandial
triglycerides was observed at 90 mins (p=
0.0030) and 120 mins (p= 0.0133) after
standardised meal

Of patients valid for
efficacy, at endpoint
42% of acarbose  vs 23%
of placebo group showed
reductions from baseline
in HbA1c
>or = to 0.7%

Flatulence was
reported in 71% of
acarbose group vs
26% of placebo
group
22 patients in the
acarbose group vs
29 patients in the
placebo group
reported
symptoms of
hypoglycaemia
with one serious
event in the
acarbose group
Drop-outs
23/195 of placebo
34/195 of acarbose
(6 and 19
respectively due to
adverse effects,
mainly
gastrointestinal)

No significant
elevation in liver
transaminases and
non > 1.8 x ULN
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acarbose/placebo
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Rosenstock
J et al

1998

Double-blind
Acarbose 50 -100mg
three times daily
Placebo one tablet three
times daily

Type 2 diabetes
inadequately controlled
with diet and metformin (2
– 2.5 grams daily)
Inclusion Criteria
As above plus
HbA1c 7-10%
Stable  body weight ±  3kg
for at least 4 weeks
Exclusion Criteria
AST/ALT > 1.8 X ULN
SrCr ≥ 132.6µmol/l (men)
or
 ≥ 123.8µmol/l (women)
Haemoglobin < 11g/dl, or
any haemoglobin variant
Acute or chronic acidosis
or ketonuria/history of
ketoacidosis
Enteropathies
Inadequately controlled
hypertension
Pregnancy/Breast feeding
Concomitant
glucocorticoids
Simultaneous intake of
other trial substances
Medications to lower
serum lipids or blood
pressure
Hypersensitivity to
metformin or acarbose

N = 148
147  included in
efficacy
evaluation
Acarbose
N = 74 (45 male)
Mean age (years)
57.2
DD = 7.2 years

Placebo

N = 74 (36 male)
Mean age (years)
55.9
DD = 7.8 years

DD = Duration of
diabetes

31 weeks (6
weeks placebo
pre-treatment, 1
week  screening,
24 weeks
treatment
No documented
power
calculation

Primary efficacy
criterion
Mean change
from baseline in
HbA1c at double -
blind
end point

Secondary
efficacy criteria
Blood glucose and
serum insulin
(fasting  &
postprandial)

Changes from
baseline in AUC
for  plasma
glucose, serum
insulin and
triglyceride levels

Changes from
baseline in fasting
serum lipids

Changes from
baseline in  24-h
urinary excretion
of glucose and
albumin after 24
weeks and at
endpoint

At Study Endpoint
Mean change in HbA1c (baseline adjusted)
Acarbose            0.57%
Placebo               0.08% ∗

∗ p =   < 0.0001 vs acarbose
Mean change in Blood Glucose (mmol/l)
                            Fasting
Acarbose                0.70
Placebo ♦                0.10
♦ p = 0.0213 vs acarbose
After the standard meals at endpoint, patients
receiving acarbose had significantly lower
postprandial glucose levels at 60, 90 and 120
minutes compared with the placebo patients
(p=0.0001 for each). The AUC of these
glucose values was also significantly less for
the acarbose treated patients (p= 0.00001)
Mean change in serum insulin (IU/ml)
                            Fasting
Acarbose                  2.0
Placebo ♦                1.9
 ♦ p = 0.0291 vs acarbose
After the standard meals at endpoint, patients
receiving acarbose had significantly lower
postprandial glucose levels at 90 and 120
minutes compared with the placebo patients
(p=0.0167 and p=0.0043each). The AUC of
these insulin values was also significantly
less for the acarbose treated patients (p=
0.0144)

Response rate was
greater in the acarbose
group than in the placebo
group (36% vs 16%
respectively
p= 0.006)

The AUC of serum
triglyceride levels
showed no significant
effect of acarbose
compared with placebo
Acarbose therapy had
no significant effect at
endpoint on fasting
serum levels of total
HDL, or LDL
cholesterol or on urinary
albumin secretion
Acarbose therapy
significantly lowered 24-
h urinary excretion of
glucose by 7.57g/day
whereas urinary glucose
excretion increased by
2.80g/day in the placebo
group p=0.02

Adverse events
that occurred
significantly more
often in the
acarbose-treated
patients compared
with the placebo-
treated patients
were
gastrointestinal
complaints
Of the patients
taking placebo 3
(4%) discontinued
from the study
because of adverse
events compared
with 10 (12%)
taking acarbose
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acarbose/placebo
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Wolever
TMS et al

1998

Double-blind
Acarbose 100mg three
times daily
Placebo three times daily

Type 2 diabetes in
4 treatment  strata
Duration of diabetes ≥  six
months
Canadian multicentre (7)
study. Report of secondary
purpose of study, primary
purpose reported elsewhere
Inclusion Criteria
As above plus
HbA1c  >7% unless diet
only then > 6.5%

Exclusion Criteria
Thiazides or beta-blockers
for hypertension.
Lipid lowering drugs
Gastrointestinal disorders
or drugs likely to effect
gastrointestinal motility or
absorption

N = 354
35 – 75 years
77 diet only
83 diet +
metformin

103 diet +
sulphonylurea

91 diet + insulin

Efficacy analysis
included all
patients
completed at least
6 months of
acarbose therapy
and provided at
least three 3-day
diet records.
N = 114

12 months Primary efficacy
criterion
Relationship
between
carbohydrate
intake and effect
of acarbose on
HbA1c

At 12 months
There was no significant relationship
between carbohydrate intake and change in
HbA1c in any of the four treatment strata

In the 80 subjects consuming < 50% of
energy from CHO the fall in HbA1c (7.83 ±
- 0.17% at baseline  to 6.72 ±  - 0.13% on
acarbose , p= <0.001) was no different from
that of the 34 subjects consuming > 50% of
energy from CHO (7.55 ±  - 0.25% at
baseline  to 6.66 ±  - 0.23% on acarbose , p=
<0.001)

There was no difference in CHO intake
between those who dropped out of the study
due to gastrointestinal effects and those who
did not

In subjects with Type 2 diabetes consuming
30-60% of energy from carbohydrate, the
effect of acarbose on
HbA1c and gastrointestinal symptoms was
not related to carbohydrate intake.

Conclude that no special diet is required for
acarbose to be effective in improving
glycaemic control in the treatment of Type 2
diabetes
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acarbose/placebo
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Wolever
TMS et al

1997

Double-blind
Acarbose 100mg three
times daily
Placebo three times daily

Type 2 diabetes in
4 treatment  strata
Duration of diabetes ≥  six
months
Canadian multicentre (7)
study. Report of secondary
purpose of study, primary
purpose reported elsewhere
Inclusion Criteria
As above plus
HbA1c  >7% unless diet
only then > 6.5%

Exclusion Criteria
Thiazides or beta-blockers
for hypertension.
Lipid lowering drugs
Gastrointestinal disorders
or drugs likely to effect
gastrointestinal motility or
absorption

N = 354
35 – 75 years
77 diet only
83 diet +
metformin

103 diet +
sulphonylurea

91 diet + insulin

279 pooled in
efficacy analysis
having completed
9 months of the
study
263 in dietary
analysis

12 months Primary efficacy
criterion
Effect of acarbose
on bodyweight
and food intake

At 12 months

Mean change in bodyweight (weight loss)
from baseline greater with acarbose than
with placebo

P = 0.027

Acarbose had no significant effect on dietary
pattern relative to placebo.

Acarbose was
associated with
significant reductions
in the dosages of
concomitant therapy
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acarbose/placebo
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Coniff RF
et al

1995

Double-blind
Acarbose  50 - 300mg
three times daily (forced
titration)
Placebo three times daily

Type 2 diabetes controlled
with diet and insulin
Duration of diabetes ≥  six
months
On insulin for at least 2
months and no SUs for at
least 4 weeks before study
initiation
Inclusion Criteria
Stable bodyweight ±  5kg
for at least  3 months
before study initiation
Exclusion Criteria
Concomitant lipid
lowering agents,
glucocorticoids or drugs
affecting gastrointestinal
motility or abortion

N = 219
(207 in efficacy
analysis)
Acarbose
N = 103

Placebo
N = 104

6 weeks run-in
24 weeks
treatment
6 weeks follow-
up
No documented
power
calculation

Primary efficacy
criterion
Mean change
from baseline in
HbA1c
Mean % change
from baseline in
total daily insulin
dose

At 24 weeks

Treatment with acarbose was associated with
significant reductions in HbA1c levels of
0.4% (p= 0.0001) and in total daily insulin
dose of 8.3% (p=0.0015

There were also
significant reductions
in glucose variables
measured including
fasting glucose,
glucose Cmax  and
glucose AUC

Drop-outs
4% with placebo
9% with acarbose
(due to adverse
events mainly GI
in nature)
A trend towards
elevated serum
transaminase
levels was noted
during this study
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acarbose/placebo/metformin
Author Treatment comparison

Drug & daily dose
Setting & Location
Type1 and/or 2
Diabetes duration, mean
(range) years
 Inclusion/Exclusion

Numbers
randomised
Male:Female
Age mean ±  SD
(range) years

Follow-up period

Power
calculation

Main outcome
measures

(other outcomes)

Results Metabolic factors Results Other Adverse effects

Josse RG

1995

Acarbose 50 – 200mg three
times daily

Placebo one tablet three
times daily

No increase in concurrent
hypoglycaemic medication
allowed

Double-blind, multicentre
Type 2 diabetes
Patients sub-optimally
controlled with either diet
alone, diet and metformin,
diet and sulphonylurea or
diet and insulin.

Inclusion criteria
As above plus
HbA1c  > 7%
(>6.5% if diet controlled)
BMI < 40kg/m2

Exclusion criteria
Debilitating disease
Documented GI disease
Lactose intolerance
Drugs altering GI
motility/absorption
Glucocorticoids
Lipid lowering drugs

N = 354

Diet
N = 77 (48 male)
Mean age (years)
57.2  ±  1.1
DD (years)
5.2 ±  0.6

Diet plus Sulph
N = 103 (58
male)
Mean age (years)
58.4  ±  0.9
DD (years)
9.4 ±  0.7

Diet plus Met
N = 83 (53  male)
Mean age (years)
57.4  ±  1.1
DD (years)
8.8 ±  0.6

Diet plus Insulin
N = 91 (52 male)
Mean age (years)
56.6  ±  0.9
DD (years)
12.9  ±  0.8

Stratified into 4
therapeutic groups
then randomised
into two arms

One year study

No power
calculation
documented

Primary efficacy
criterion

Postprandial glucose
level expressed as
incremental AUC
following a test meal

Secondary criteria

HbA1c

Responder analysis

In all strata, after 12 months, acarbose
produced a highly significant decrease
in postprandial glucose concentration
and incremental AUC compared with
baseline  in response to a test meal.

In all but the insulin group, after 12
months, acarbose produced a significant
decrease in HbA1c

(0.8% - 0.9% vs 0.4%)

Amongst the responders, a 15%
decrease in HbA1c concentration and/or
a post treatment HbA1c concentration
below 7% was observed in 52% of
acarbose treated patients
vs 26% of placebo treated patients who
responded

There was a
minimal effect
only on fasting
blood glucose
levels

No serious
adverse effects
were reported
during the study
period.
Adverse effects
related to study
drugs were
gastrointestinal,
mild and
decreased over
time.
Drop out rates:
25% acarbose
23% placebo
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Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Wilson-
Rodger N
et al

1995

Double-blind
Acarbose 50 - 200mg
three times daily
Placebo three times daily

Type 2 diabetes in
4 treatment  strata
Duration of diabetes ≥  six
months
Canadian multicentre (7)
study.
Inclusion Criteria
As above plus
HbA1c  >7% unless diet
only then > 6.5%
BMI < 40kg/m2

(Stable for 3 months prior
to entry into the study)

Exclusion Criteria
Thiazides or beta-blockers
for hypertension.
Lipid lowering drugs
Gastrointestinal disorders
or drugs likely to effect
gastrointestinal motility or
absorption

Concurrent medication
increases were not
permitted and resulted in
exclusion from the efficacy
analysis (N = 11 patients in
acarbose arm and 37
patients in placebo arm)

N = 354
35 – 75 years
77 diet only
83 diet +
metformin

103 diet +
sulphonylurea

91 diet + insulin

6-week placebo
run-in
12 months
treatment
No documented
power
calculation

Primary efficacy
criterion
Mean HbA1c
Plasma glucose
response 60, 90
and 120 minutes
after a
standardised
breakfast

At 12 months

Compared with placebo, acarbose treatment
significantly lowered postprandial glucose
concentrations at 60, 90 and 120 minutes in
all groups.

Mean fasting plasma glucose showed small
but significant reductions compared with
placebo in:

Diet only group                            p= 0.004
Sulphonylureas   group               p= 0.013

(Metformin  group, p= 0.10, non-significant,
Insulin group – no change)

With acarbose treatment, incremental glucose
AUC compared with placebo decreased in all
groups (p<0.01)

With acarbose treatment, Mean HbA1c was
significantly lower  compared with placebo
in all groups except insulin which narrowly
missed statistical significance

There was a trend
towards decrease in
triglyceride levels with
acarbose at the
conclusion of the study
but this failed to
achieve statistical
significance.

52% of patients treated
with acarbose were
responders as defined
by reductions in
HbA1c  compared with
26% with placebo
(p= <0.0001)

Drop-outs:
26% with
acarbose
23% with placebo
Mainly due to
gastrointestinal
disturbance

Acarbose had no
adverse effects on
haematological or
biochemical
profile including
LFTs
Adverse events
were classed as
mild and
decreased  as the
study progressed



Blood glucose management 195

α - glucosidase inhibitors: RCTs

acarbose/placebo/glibenclamide
Author Treatment comparison

Drug & daily dose
Setting & Location
Type1 and/or 2
Diabetes duration, mean
(range) years
 Inclusion/Exclusion

Numbers
randomised
Male:Female
Age mean ±  SD
(range) years

Follow-up period

Power
calculation

Main outcome
measures

(other outcomes)

Results Metabolic factors Results Other Adverse effects

Kovacevic
I et al

1997

Double-blind

Acarbose 100mg three
times daily

Placebo 2 x 1 tablet three
times daily

Single-blind

Glibenclamide 1 – 3 3.5mg
tablets daily

Outpatients (multicentre)
Type 2 diabetes
Poor glycaemic control by
basic principles of
treatment alone
Duration of diabetes > 3
months (mean of 4.5 years)

Inclusion criteria
As above plus
HbA1c  7 – 11%
Stable BMI ≤ 35kg/ m2

Exclusion criteria
Severe hepatic or renal
impairment
Other serious diseases
Concurrent laxative or
constipating medication
Pregnancy
Non compliance

N = 102 (47 male)
Mean age (years)
57.54  ±  8.08

Acarbose
N = 33

Glibenclamide
N = 33

Placebo
N = 31

97 included in
intention to treat
analysis

24 weeks

No power
calculation
documented

Primary efficacy
criterion

HbA1c  (baseline
adjusted) at end of
study
Relative postprandial
serum insulin increase

Secondary criteria

Blood glucose
(fasting, 1- hour
postprandial, relative
postprandial increase)
Fasting serum insulin,
1 - hour postprandial
serum insulin and
urine glucose

At 24 weeks
Intention to treat analysis

Mean HbA1c reduction
Acarbose   8.3 ± 0.7% to  7.6 ± 0.9% *
Glibenclamide  9.0 ± 1.0% to
7.4 ± 1.2% ♦

Placebo   8.3 ±  1.09% to  8.5 ± 1.7%

*  p = 0.0008 vs placebo
p =0.0001 vs placebo

Relative postprandial serum insulin
increase (decrease)
Acarbose    2.18 ± 1.51mU/l to  1.80 ±
1.85mU/l * (decrease)
Glibenclamide  2.27 ± 1.54mU/l to  2.93
± 1.80mU/l ♦  (increase)
Placebo   2.22 ± 1.63mU/l to  2.89  ±
1.85mU/l ♦ (increase)

* p = 0.0323 vs placebo
p =0.0215 vs acarbose
p =0.800 vs placebo           NS

Relative Postprandial blood glucose
increase (decrease)
Acarbose    5.3  ± 1.9mU/l to 2.5 ±
1.5mU/l * (decrease)
Glibenclamide  5.6  ±  2.4mU/l to 4.5 ±
2.5mU/l   (decrease)
Placebo   5.6 ±  1.8mU/l to  4.7  ±
2.4mU/l  (decrease)

* p = 0.01 vs placebo

Values of uric
acid, cholesterol,
HDL-cholesterol
and triglycerides
were lower at
the end of the
treatment period
however
differences among
the three groups
were not
statistically
significant.
No effects on
heart rate, blood
pressure or body
weight were
recorded

Adverse  side
effects were
observed in
31/102 study
patients. The most
common were
hypoglycaemia in
the glibenclamide
group and GI
effects in the
acarbose group.
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acarbose/placebo/metformin
Author Treatment comparison

Drug & daily dose
Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Hoffman J
The Essen
Study

1994

Double-blind
Acarbose 100mg three
times daily
Placebo one tablet three
times daily
Single-blind
Glibenclamide mean
dose of 4.3mg /day in
one or two daily doses

Type 2 diabetes
1st line intervention
following dietary failure
Duration of diabetes ≥
three months
Outpatient (4 internal
practices)
Inclusion Criteria
As above plus
HbA1c 7-9%
Stable BMI ≤ 35Kg/m2

Exclusion Criteria
AST ≥ 50u/L
ALT ≥ 50u/L
SrCr ≥ 177µmol/l
Severe haemopoetic
disturbance
Malignant tumours
Enteropathies
Febrile infections
Pregnancy
Excessive abuse of
Alcohol
Nicotine
Laxative/constipating
drugs

Un-cooperative patient
Simultaneous intake of
other trial substances

N = 96
35 – 75 years
Block
randomisation to
one of  three
treatment
categories
Acarbose
N = 28 (13 male)
Mean age (years)
58.8  ±  6.9

Glibenclamide

N = 27 (13 male)
Mean age (years)
59.5  ±  5.7

Placebo

N = 30 (12 male)
Mean age (years)
56.9  ±  6.7

All 96 included in
intention to treat
analysis
(tolerability)

85 included in
efficacy
evaluation

24 weeks
Power
calculation
estimated 24
patients required
per treatment
group
(based on mean
difference in
postprandial
insulin increase
with acarbose
versus
glibenclamide of
100pM)
SD = 100pM
α   =  0.03
β   =  0.2

Primary efficacy
criterion
Postprandial
insulin elevation
(1hr after a
standardised
breakfast)
Secondary
efficacy criteria
HbA1c
Blood glucose
(fasting and 1hr
after a standard
breakfast)
Urinary glucose

At 24 weeks
Mean postprandial insulin increase relative
to fasting value
Acarbose  1.10  ∗

Glibenclamide  2.45♦

Placebo  1.50
∗  p = < 0.0001 vs glibenclamide
∗   p =    0.1 vs placebo                       NS
♦  p =     0.01 vs placebo
Mean HbA1c
Acarbose            7.3% �

Glibenclamide   7.5%
Placebo               8.4% ♣

�  p =     0.07 vs glibenclamide          NS
♣  p =   < 0.0001 vs glibenclamide  and
              acarbose
Urinary Glucose (% pts showing zero)
                                Day 0             24wks
Acarbose                  39                     79
Glibenclamide          59                     89
Placebo                     50                     40

Mean Blood Glucose (Mmol/l)
                            Fasting    Postprandial
Acarbose ∗           7.6                8.7
Glibenclamide     7.4                9.0
Placebo ♦              9.0              10.9
∗  p =     0.2 vs glibenclamide              NS
♦  p =   < 0.0001 vs glibenclamide  and
              acarbose

During 24 weeks of
treatment, triglycerides
fell in the placebo group
by 17%, the
glibenclamide group by
21.5% and the acarbose
group by 30.2%
Total cholesterol was
unchanged in the
placebo group, nearly
unchanged in the
glibenclamide group(-
3.2% and slightly
reduced in the acarbose
group (-10.4%)

Mild to moderate
gastro-intestinal
symptoms in 38%
of acarbose treated
patients mainly in
first six weeks

Hypoglycaemic
episodes in 6% of
glibenclamide
treated patients
which responded
to dose reduction
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α - glucosidase inhibitors: RCTs
acarbose/placebo/metformin

Author Treatment comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Willms  B
& Ruge D

1999

Double-blind
Acarbose 100mg three
times daily
Placebo one tablet three
times daily
Single-blind
Metformin 850mg twice
daily

Type 2 diabetes
Poor glycaemic control
following sulphonylurea
therapy
Duration of diabetes ≥  one
year
Outpatients (single centre)
Inclusion Criteria
As above plus
HbA1c 7-13%
Stable BMI ≤ 35Kg/m2

Exclusion Criteria
Severe hepatic or renal
impairment
Serious acute diseases
Congestive heart failure
Respiratory insufficiency
Severe haemopoetic
disturbance
Malignant tumours
Enteropathies
Surgery
Pregnancy/B Feeding
Excessive abuse of
Alcohol
Nicotine
Laxative/constipating
drugs

Weight reducing diet
(<1000kcal/day)
Other drugs **
Un-cooperative patient
Simultaneous intake of
other trial substances

N = 89
Block
randomisation to
one of  three
treatment
categories
Acarbose
N = 31 (15 male)
Mean age (years)
60.3  ±  8.8

Metformin

N = 29  (14 male)
Mean age (years)
53.4  ±  8.2

Placebo

N = 29 (17 male)
Mean age (years)
59.2  ±  9.4

87 included in
intention to treat
analysis
(tolerability)
62  included in per
protocol analysis

12 weeks
Power
calculation
estimated 28
patients required
per treatment
group for
efficacy
evaluation
(Based on a
mean decrease
in  HbA1c of
1% for acarbose
and metformin
versus placebo
after 12 weeks
SD = 1.3
α  =  0.05
β  =  0.2

Primary efficacy
criterion
HbA1c (baseline
adjusted) at  end
of study

Secondary
efficacy criteria
Body weight
Clinical and
haematological
safety parameters

At 12 weeks (Intention to Treat Analysis)

Mean HbA1c
Acarbose             7.8% ∗

Metformin           7.7%
Placebo                8.7% ♦

∗  p =      0.65 vs metformin             NS
♦  p =   < 0.01 vs metformin  and
              acarbose

Measurement of
triglycerides and total
cholesterol showed that
metformin and acarbose
had similar impacts on
cholesterol but acarbose
had greater effect on
triglycerides.

Analysis of change in
bodyweight over the
study period revealed a
mean and median
decrease with acarbose
compared with both
placebo and metformin

The number of
adverse events
reported for the 3
groups was
comparable
56 x acarbose
57 x metformin
57 x placebo
these were
generally mild,
non-treatment
limiting and
confined to the GI
tract.

** ACEI, Sulphonylureas, chlorpromazine, corticosteroids, nicotinates, saluretics, thyroid hormones, sympathomimetic drugs, estrogens, progestogens, NSAIDs, contrast media



198 National Clinical Guidelines for Type 2 Diabetes

α - glucosidase inhibitors: RCTs
acarbose/placebo/metformin

Author Treatment
comparison
Drug & daily
dose

Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Hoffman J
& Spengler
M

The Essen
II Study

1997

Double-blind
Acarbose 100mg
three times daily
Placebo one tablet
three times daily
Single-blind
Metformin 850mg
twice daily

Type 2 diabetes
1st line intervention following
dietary failure
Duration of diabetes ≥  three
months
Outpatients (4 internal practices)
Inclusion Criteria
As above plus
HbA1c 7-11%
Stable BMI ≤ 35Kg/m2

Exclusion Criteria
AST ≥ 50u/L
ALT ≥ 50u/L
SrCr ≥ 106µmol/l

Serious acute diseases
Congestive heart failure
Respiratory insufficiency
Severe haemopoetic disturbance
Malignant tumours
Enteropathies
Febrile infections
Pregnancy/B Feeding
Excessive abuse of
Alcohol
Nicotine
Laxative/constipating drugs

Weight reducing diet
(<1000kcal/day)
Other drugs **
Un-cooperative patient
Simultaneous intake of other trial
substances

N = 96
35 – 75 years
Block
randomisation to
one of  three
treatment
categories
Acarbose
N = 31 (4 male)
Mean age (years)
58.9  ±  9.4

Metformin

N = 31  (14 male)
Mean age (years)
55.9  ±  7.8

Placebo

N = 32 (12 male)
Mean age (years)
60.2  ±  8.6

All 96 included in
intention to treat
analysis
(tolerability)
94  included in
efficacy
evaluation

24 weeks
Power
calculation
estimated
28 patients
required
per
treatment
group for
efficacy
evaluation
(Based on a
decrease in
HbA1c of
1% for
acarbose
and
metformin
versus
placebo
after 24
weeks
α  =  0.05
β  =  0.2

Primary
efficacy
criterion
HbA1c
(baseline
adjusted) at
end of study

Secondary
efficacy
criteria
Blood
glucose  and
insulin
(fasting and
1hr after a
standardised
breakfast)
Postprandial
insulin
increase
Fasting
plasma lipids

At 24 weeks
Mean postprandial insulin increase relative to fasting value
Acarbose  1.09  ∗

Metformin  1.03♦

Placebo  1.90

∗  p = < 0.7692 vs metformin
∗   p =    0.007 vs placebo
♦  p =     0.003 vs placebo

Mean HbA1c
Acarbose            8.5% ∗

Metformin         8.7%
Placebo               9.8% ♦

∗  p =     0.0960 vs metformin             NS
♦  p =   < 0.0001 vs metformin  and
              acarbose

Mean Blood Glucose (Mmol/l)
                            Fasting    Postprandial
Acarbose ∗           7.6                8.7
Metformin            7.8                9.0
Placebo ♦              9.2              10.9

 ∗  p =     non  significant vs metformin
♦  p =   < 0.0001 vs metformin  and
              acarbose

Lipid Profile (mean values)
       TC  TG   LDL-C  LDL/HDL HDL-C
Aca -14.1 -26.8 -21.8      -26.7 *       +16.2
Met + 1.6 -9.2    -----        ------          -----
Pla   -1.2  -8.8    +5.0        +14  ♦         -9.7

* p = 0.0013 vs placebo, p= 0.0311 vs
   metformin
♦ p= 0.2607 vs metformin                     NS

Mean body
weight was
unchanged
with placebo
treatment.
–0.8 kg with
acarbose and
– 0.5 kg with
metformin

Mild to moderate
gastro-intestinal
symptoms in 16
of acarbose
treated patients
mainly in first six
weeks and in 3
metformin and 1
placebo treated
patient
No signs of
hypoglycaemia
could be
observed either
with active drugs
or with placebo
 Drop-outs
1 x placebo
3 x acarbose
1 x metformin

** Sulphonylureas, chlorpromazine, corticosteroids, nicotinates, saluretics, thyroid hormones, sympathomimetic drugs, estrogens, progestogens, NSAIDs, contrast media
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Meal-time insulins - meta-analysis

Author (s) Research question Review type

Databases used

Time period covered

Data analysis

Study design

Interventions

Follow-up period

Total sample number

Diabetes status and duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Davey P et al
1997

Meta-analysis
6 of  8 Phase III clinical studies (Eli
Lilly Australia Pty Ltd)
4 x parallel design (12 months
duration
2 x cross-over design (6 months
duration)
Type 1 diabetes x 3

Type 2 diabetes x 3

Criteria for inclusion of study in
analysis
Randomised
At least 30 patients
Previously managed with insulin

Insulin Lispro vs Human Regular
Insulin three times daily before meals

At least 6 months duration

2361 patients in total Primary goals (indicators of therapeutic success)
(1) Decrease in postprandial glucose to < 8mmol/l
or
(2) 2 - hour postprandial glucose within 20% of pre-
meal level
or
(3) Decrease from baseline in 2 – hour postprandial
blood glucose excursion ≥ 50%

Secondary outcomes
(4) Fasting blood glucose
(5) HBA1c

(6) Hypo-
glycaemic episodes per 30 days

Results
Pooled (Type 1 and Type 2)
More patients receiving insulin Lispro achieved primary goal (1) p< 0.00001

There was no difference between treatments in the achievement of goals (2) and (3)
In absolute terms values for the following parameters were lower with insulin Lispro
1 -  hr  postprandial blood glucose p<0.02
2 – hr  postprandial blood glucose p<0.001
1 – hr blood glucose excursion p < 0.001
2 – hr blood glucose excursion p < 0.001

There was no difference between treatments in terms of outcomes (4), (5) & (6) for the pooled data and the Type 1 and Type 2 patients analysed separately

In Type 1 patients alone the same pattern of results was discernible as with pooled data in relation to primary goals

In Type 2 patients primary goal (1) was achieved but only the absolute values for postprandial blood glucose excursion and not postprandial blood glucose levels were significantly different between
treatments
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Meal-time insulins - RCT

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Anderson
JH et al
1997b

insulin lispro
immediately before
meals  vs  human
regular insulin  30-45
mins before meals
(basal insulin therapy
continued)
Aim to achieve fbg <
8.8mmol/l and 2-hour
postprandial glucose
values < 10mmol/l

International (16
countries) , multicentre
(80 sites) randomised,
open label crossover
study
Type 2 diabetes, age 35
– 85 years,  receiving
insulin therapy for at
least 2 months before
enrolment

Exclusion criteria
Other severe disease
Current use of
β - blockers,
glucocorticoids, OHA s
or an insulin infusion
device
History of severe
hypoglycaemia
unawareness
Insulin dosage >
2.0U/kg
BMI > 35kg/m2

N = 722
lispro-regular
N = 354 (57
male)
Mean age 58 ±
1 years
Duration of
diabetes 11.8 ±
0.4 years
regular-lispro
N = 368 (52
male)
Mean age 59 ±
1 years
Duration of
diabetes 12.9 ±
0.4 years

2 –4 week run-
in on pre-meal
regular insulin
6 month
treatment period
( 2 x 3 month
crossover
periods)
No documented
power
calculation

Postprandial
rise in serum
glucose

HBA1c

Rate of
hypoglycaemi
a

Insulin dosage
and
administration

Serum lipids
and
lipoproteins

Effects on
bodyweight

At end point ,when both treatment periods
were combined, the rise in serum glucose
levels was 30% lower at 1 hour and 53%
lower 2 hours after the test meal with
insulin lispro compared with human regular
insulin therapy ( p<0.001 for both intervals)
This difference was independent of the pre
meal insulin concentration
Baseline hypoglycaemia rate (episodes per
30 days) did not differ between the two
treatment groups. For the combined
treatment periods, the mean hypoglycaemia
rate during the study was less in the insulin
lispro than in the regular insulin group (
3.18 ± 0.16 vs 3.43 ± 0.19 respectively
(p<0.02). From midnight to 6am the
difference was greater ( 0.47 ± 0.05 vs 0.73
± 0.07 respectively (p<0.001).
Number of episodes of asymptomatic
hypoglycaemia were 8% less frequent
(p=0.03) with insulin lispro vs regular
insulin. Number of episodes of
symptomatic hypoglycaemia did not differ
significantly between the treatment groups.
Severe hypoglycaemia was rare: 5 episodes
in 4 patients with regular insulin and 1
episode with insulin lispro
HBA1c  levels decreased significantly
(p<0.001) from baseline values during
insulin lispro and regular insulin therapy
and was identical for the 2 combined
treatment groups at  end point.
In the combined treatment groups there was
a clinically similar increase in the pre meal
and basal insulin doses.

The proportion of
patients injecting
basal insulin twice
daily was similar with
both treatments.
No significant
changes occurred in
any values included in
the lipid profile with
either treatment.
The increase in
bodyweight was
similar with both
treatments.

686
patients
complet
ed the
study
There
were no
significa
nt
differen
ces in
the
number
or type
of
adverse
events
reported
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Meal-time insulins - RCT

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Anderson
JH et al

1997a

Regimen A
regular human insulin
30 - 45 minutes
before each meal
(in addition to usual
basal insulin)
Versus
Regimen B
insulin lispro
immediately before
each meal
(in addition to usual
basal insulin)

International (11
countries) multicentre
(47) randomised open-
label study
Type I and Type 2
diabetes
Inclusion criteria
Insulin treated for at
least 2 months prior to
entry into study,
Exclusion criteria
Other severe disease

Current use of OHA or
insulin infusion device

N = 631
336 Type I
295 Type 2
Regimen A - Type I
N - 174 (85 male)
Mean age
32  ±  0.9 years
Duration of diabetes
12.1  ±  0.7 years
Regimen A - Type
II
N - 150 (79 male)
Mean age
56  ±  0.7 years
Duration of diabetes
12  ±  0.7 years
Regimen B - Type I
N - 162 (82 male)
Mean age
32.2  ±  0.9 years
Duration of diabetes
12.7  ±  0.7 years
Regimen B - Type
II
N - 145 (74 male)
Mean age
55.8 ±  0.7 years
Duration of diabetes
12.4  ±  0.6 years

12 month
treatment
period
One month
run-in on
regular insulin
three times
daily plus
basal insulin
once or twice
daily
No
documented
power
calculation

Postprandial
blood glucose in
relation to a
standardised test
meal

HBA1C

At study endpoint , in relation to
baseline
Type I
Rise in postprandial serum glucose with
insulin Lispro was 35% lower at 1 hour
(p=0.012) and 64 % lower at 2 hours
(p=0.007) compared with regular
insulin

Type II
Rise in postprandial serum glucose with
insulin Lispro was 19% lower at 1 hour
(p=0.078 NS) and 48 % lower at 2
hours (p=0.004) compared with regular
insulin

Premeal glucose compared with
baseline was slightly higher with
insulin Lispro but not significantly so

HBA1C  

Type I
Overall, compared to baseline, HBA1C

levels did not change in either treatment
group but were slightly and
significantly lower at with insulin
Lispro at study endpoint compared with
regular insulin.

Type II
Overall, compared to baseline, HBA1C

levels decreased  in all treatment groups
as did premeal glucose regardless of
premeal or basal insulin type (p< 0.05)

Hypoglycaemia
At baseline the rate of
hypoglycaemic
episodes per 30days
was three fold greater
in the Type I group

At endpoint the rate
decreased by 34%
overall in Type I
(p<0.001) and 33%
overall in Type II
(p<0.001) with no
difference between
treatment groups.

Insulin Dose
Type I
No difference
between the two
treatment groups at
baseline and at study
endpoint
Type II
No difference
between the two
treatment groups at
baseline and had
increased by 15% at
study endpoint in both

Overall
no
differen
ce in
type or
in
frequenc
y
between
two
treatmen
t groups



202 National Clinical Guidelines for Type 2 Diabetes

Insulin mixtures - RCT

Author Treatment comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Roach P et
al

1999a

insulin lispro Mix25
before breakfast and
Insulin Lispro Mix50
before evening meal

human mixtard 30/70
30-45 mins before
breakfast and Human
Mixtard 50/50 30 - 45
mins before evening
meal

European multicentre
study
Type 2  diabetes N = 63
Type 1  diabetes N = 37
Open label
Two-period cross-over
study
Inclusion criteria
Insulin -treated for at least
120 days before study
entry

Exclusion criteria
HBA1C > 9.2%
Significant renal, hepatic
or cardiac disease
Cancer
History of drug or alcohol
abuse
Insulin allergy
Recurrent severe
hypoglycaemia
Anaemia of
haemoglobinopathy
Treatment with oral
antidiabetic agents or
systemic glucocorticoids
Insulin doses >
2.0U/kg/day

Type 1
(mixtard 1st)
N = 19
12 male
Mean age 42.2 years
Mean diabetes
duration 14.3 years
Mean insulin duration
12.7 years

Type 1
(lispro 1st)
N = 18
13 male
Mean age 36.5 years
Mean diabetes
duration 11.3 years
Mean insulin duration
11.3 years

Type 2
(mixtard 1st)
N = 34
18 male
Mean age 58 years
Mean diabetes
duration 12.2 years
Mean insulin duration
3.7 years

Type 2
(lispro 1st)
N = 29
12 male
Mean age 60.2 years
Mean diabetes
duration 13.1 years
Mean insulin duration
3.0 years

6 months
treatment
(2 x 3 months)
Maintain fbg <
7.8mmol/l,
PPBG <
10mmol/l
4-week lead -in
on Human
Mixtard Insulin
No documented
power
calculation

Blood
glucose (self-
monitored)
HBA1C

Insulin dose
and timing
Incidence of
hypoglycaemi
a

Mean insulin doses were similar or identical for
both treatment regimes
Mean morning dose 0.33U/kg for both treatments
Mean evening dose 0.27 vs 0.26U/kg
Mean timing of dose in relation to a meal
Lispro ~ 5 minutes before
Mixtard ~ 23 minutes before
Blood glucose  (measured on 3 non-consecutive
days during study - 8 point profile)
Blood glucose excursion
Morning meal: -1.58 vs 0.59 Lispro vs Mixtard
(p < 0.001) overall and in each diabetes type
subgroup
Evening meal: -0.14 vs 0.92 Lispro vs Mixtard (p
= 0.038) overall (numerically smaller but
difference not significant in diabetes type
subgroups)

Fasting Blood Glucose

Insulin Lispro significantly decreased blood
glucose two hours after morning meal and before
lunch, overall and in both diabetes type
subgroups
Two hours post lunch, difference in values was
non-significant

Insulin Lispro significantly increased BG before
evening meal (except in Type 1 subgroup)
Two hours after evening meal, difference in
values was non-significant

Values overnight were comparable overall based
on readings at bedtime and at 3am

HBA1C overall  at  endpoint was 7.72% vs 7.57%
( p= 0.107)                              NS
Nocturnal hypoglycaemia 0.7 ± 1.7 episodes with
Lispro vs 1.4 ± 3.4 episodes with Mixtard.
(numerically smaller but non-significant in the
diabetes type subgroups)

Rates of hypoglycaemic
episodes per 30days
were
L+S   0.98
L+N  1.17
N+S   0.75
(non-significant)
Confirmed episodes
were
L+S   0.38
L+N  0.52
N+S   0.39
(non-significant)
Episodes between 12
midnight and 6am - L+S
vs L+N and N+S was
significantly lower

Episodes between 12
midday and 6pm -
L+S and L+N vs N+S
were significantly lower

Episodes between 6pm
and 12 midnight -
L+S was significantly
lower compared with
N+S

Discontin
uations

Lispro

3 (2 due
to patient
perceived
lack of
efficacy
and 1 due
to dislike
of
injection
device)
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Insulin mixtures - RCT

Author (s) Study Type of intervention Setting
and
location

Numbers
randomise
d

Inclusion criteria/ Exclusion criteria Mean age (years)

Male/female
(M/F) ratio

Ethnicity

Follow-up period

Main outcome
measures

Roach et al 199b Humalog
Mix25 study
group

open label
two period
crossover
study

lead in: human insulin 30/70 before
morning and evening meals for 2-4
week period

T1: twice daily therapy with
Humalog Mix25 given before
morning and evening meals for 3
months, followed by twice daily
therapy with human insulin 30/70
given before the morning and
evening meal for an additional 3
months –

T2: the alternate treatment sequence

12 sites in
Spain,
South
Africa, UK

89

80 patients
completed
the study

Inc: Type 2 diabetes, aged 18-75, insulin
therapy for at least 30 days

Exc: HbA1c > 9.2%, significant renal,
hepatic, or cardiac disease, cancer, drug or
alcohol abuse, insulin allergy, , recurrent
severe hypoglycaemia, anaemia,
haemoglobinopathy, proliferative

retinopathy, BMI > 35 kg/m2, lactating,
pregnant, intending to become pregnant,
treated with - oral anti-diabetic agents,
systemic glucocorticoide, insulin doses > 2.0
U/kg

T1: 56.5yrs

T2: 57.4yrs

T1: 21% female

T2: 26% female

no stated

6 months blood glucose before and 2h
after morning and evening
meals, HbA1c, hypoglycaemic

episodes

Results

The 2-h postprandial blood glucose after the morning meal was significantly lower during treatment with Humalog Mix25 (8.95 ± -2.17 mmol/l) vs human insulin 30/70 (10.00 ± ?not given mmol/l),  p=0.017

The 2-h postprandial blood glucose after the evening meal was significantly lower during treatment with Humalog Mix25 (9.28 ± -2.51 mmol/l) vs human insulin 30/70 (10.27 ± -2.76 mmol/l),  p=0.014

blood glucose concentrations at other time points were not significantly different between the two treatments

The HbA1c level was 7.8 after treatment with Humalog Mix25 and 8.1% after treatment with human insulin 30/70

hypoglycaemia was infrequent during the study, the incidence was not different between the treatments (Humalog Mix25 =  42% and human insulin 30/70 = 35%, p=0.398
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Insulin regimen - RCT

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Taylor R
et al

1994

actrapid insulin TDS
before meals
Versus
protophane insulin
Twice daily

(Starting dose
0.2U/kg/day)

One centre in the UK
Type 2 diabetes poorly
controlled with oral
therapy
Cross-over study after
two months run-in
period of intensive
usual therapy.
Inclusion criteria
Non-ketotic diabetes
diagnosed more than
two years ago
HBA1C > 9.0%
Despite maximal oral
therapy
Age 30 - 70 years
Exclusion criteria
BMI > 35 kg/m2

Cardiac, renal or
hepatic failure
fbg < 7mmol/l after run-
in

N = 23 (21
presented)
Protophane first
Mean age
62.1  ±  8.5
years

Duration of
diabetes
9.2  ±  4.4 years

Actrapid first
Mean age
58.8  ±  6.8
years

Duration of
diabetes
9.3  ±   5.5 years

2 x 6 month
treatment periods
No documented
power calculation

Pre and
postprandial
blood glucose
and insulin
after a
standardised
test meal
and on home
monitoring.

HBA1C

Patient
satisfaction
questionnaire
including
wellbeing?

HBA1C  (at study endpoint)
Protophane  9.5 ±  0.5%
Actrapid       9.7 ±  0.5%
(p < 0.001 compared with baseline for
both treatments)

Study showed better control of fbg
with Protophane vs Actrapid
overnight ( 8.0 ±  0.8 vs 10.6 ±  0.8  p
< 0.05)

The reverse was shown 2 hours after
eating  (10.9 ±  1.1 vs  8.2 ±  0.9
NS)

There was a significant loss of
overnight control  (21.00hrs to
08.00hrs) with Actrapid
(+ 2.1 ±  1.2 vs -2.7 ± 1.2 p < 0.01)

Test  Meal Response
Peak blood glucose was lower for
both compared with baseline (p <
0.001)

Post prandial insulin levels were
greater than baseline for both
treatments ( p = <0.01 (Prot), p =
<0.04 (Act)

 Treatment Satisfaction
(A score of  21 indicates
no difference)
Score 28 (24 - 39) with
Protophane (p< 0.005)
Score 23.5 (19 - 33) with
Actrapid (NS)
Wellbeing - 14/21
patients reported feeling
better or much better but
there was no correlation
between wellbeing reports
and blood glucose or
treatment regime.
A significant correlation
was found between
treatment with protophane
insulin and a question
specifically on the
convenience of therapy
Plasma lipids
Fasting triglycerides were
2.4 ± 0.36 at baseline .
At study endpoint with
Protophane = 1.78 ± 0.18
(p < 0.02)
At study endpoint with
Actrapid = 1.93 ±  0.31
(p = 0.28)

Hypogly
caemia
(on
question
ing)
Actrapid
76 x
mild
3 x
mode-
rate
No
severe
Proto-
phane
32 x
mild
No
mode-
rate or
severe
(p=
0.08)
Reporte
d
episodes
16 x
Actrapid
11 x
Protoph
ane
reported
at least
one
episode
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Combination insulin/sulphonylureas: meta-analysis

Author (s) Research question Review type

Databases used

Time period
covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
randomis
ed

Total sample number

Diabetes status and
duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Johnson J.L.,
Wolf S.L., and
Kabadi U.M.
Archives of
Internal
Medicine 1996;
156: 259–264

To assess the efficacy of insulin and
sulphonylurea combination therapy in T2
DM

Meta-analysis (16
studies included,
from 43 initially)
Medline
January 1980 to
March 1992
Statistical analysis
was performed using
Student’s t-test and
Winer’s parametric
test

RCTs (Randomized, double
blind, placebo controlled (either
concurrent or crossover)
Glyburide - 7 studies, 2.5–40
mg/d:
Glibenclamide - 8 studies, 3.5–10
mg b.i.d. (Glyburide is the United
States Adopted Name;
glibenclamide is the International
Non-proprietary Name.)
Tolazamide - 1 study, 250 mg
b.i.d.
study duration mean ± sem 16 ± 3
weeks (range 8-52 weeks)

interventi
on/contro
l data not
given

351 in total
T2 DM, duration 10±1 yrs
(mean ± SEM)
54±4 (mean ± SEM)
Figs for 331 subjects
available, ratio for these in
total is 47% male. 53%
female
Not stated
(percentage ideal body
weight 112±6 (mean ±
SEM). (Calculated from
BMI.)

Body Wt
Fasting serum or plasma glucose
Fasting serum C peptide concentration
Daily insulin dose

Results
Comparison of parameters between two regimens, insulin and oral agent (treatment) vs insulin and placebo (control), as assessed by Student’s paired t-test (taken from table 6):

Treat Diff Control Diff
Before After Before After

FSG mmol/L

11.7±0.7 9.3±0.6* -2.5±0.4 11.6±1.1 11.2±0.6 -0.6±0.7 (mg/dL)/0.03±0.04mmol/l
(210±12.6) (167±10.9) (45±7.2) (209±19.8) (202±10.8) (-10.8±12.6)/(-0.6±0.14mmol/l)

HbA1c %

11.20±0.42 10.11±0.44# -1.1±0.2 11.11±0.43 10.86±0.44 -0.25±0.25§

Insulin dose U/d

50±6 38±5∂ -12±6 46±5 45±5 -1.0±2.5§

Wt kg

76±4 78±3 1.4±0.7 76±3 77±3 0.8±0.3
*p<0.01 vs pretreatment for the same regimen.
#p<0.025 vs pretreatment for the same regimen.
§p<0.05 vs pretreatment for the same regimen.
∂p<0.01 vs pretreatment for the same regimen.

The omnibus test found that the 16 included studies were homogeneous, which meant that the data could be pooled for quantitative analysis. However, one study was removed after Winer’s parametric test showed it to
be heterogeneous for glucose data
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Combination insulin/sulphonylureas: meta-analysis

Author (s) Research question Review type

Databases used

Time period
covered

Data analysis

Study design

Interventions

Follow-up period

Numbers
involved

Total sample number

Diabetes status and
duration

Age (mean/SD/range)

Male/female

Ethnicity

Outcomes

Pugh J.A.,
Wagner M.L.,
Sawyer J.,
Ramirez G.,
Tuley M.,
Friedberg S.J.
Diabetes Care
1992; 15
(8):953–959

To determine whether the theoretical
advantage of sulphonylurea and insulin
combined therapy is a practical reality
for the treatment of type 2 diabetes
mellitus

Meta-analysis (17
studies)

Medline
January 1966 to
January 1991
overall means, ind
effect sizes,
homogeneity
scores calculated,
average weighted
effect size, 95%
Ci & stat sig, fail
safe N (Orwin),
linear reg analysis

RCTs  of combination therapy
in NIDDM

sulphonylurea combinations
(most commonly used sulp
was
glibenclamide[glyburide])

trial duration range 8-52
weeks

interven
tion/con
trol data
not
given

354 in total (range 9–64)

Type 2 diab

Mean 60.8 (Range 48–73)

Not stated

Not stated

Fasting glucose
HbA1c

Fasting C-peptide

Results

outcome measures weighted av effect size clinical improvement (%) better than control (%)

fasting glucose 0.39 (0.2, 0.57) 30 (16, 43) 65

range -0.02 to 0.94

HbA1c 0.43 (0.25, 0.61) 34 (20, 46) 67

range 0.07 to 0.82

C-peptide 0.26 (0.05, 0.48) 20 (4, 37) 60

range 0.07 to 0.88

“This meta-analysis shows that combination insulin and sulphonylurea therapy for NIDDM results in a significant but modest improvement in glycaemic control.”
Most of the included studies had short durations “…(8–16 wks) and therefore cannot address the long-term benefit of…” combined therapy. “Of the three trials with durations of 46–52 wk…, two showed
favourable responses.”
“…this meta-analysis shows that combination therapy is more effective than insulin alone in the treatment of patients with NIDDM, but further studies are needed to confirm the predictors of individual
response… In the absence of a large trial, the available data suggests that combination therapy may be most beneficial in the obese patient with NIDDM who still has residual insulin secretory capacity.”
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Insulin and oral agents - RCT

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Wolffenbut
tel et al
1996

T1:Twice daily injection
of fast acting and NPH
insulin
T2: Once daily NPH
insulin at 10pm +
glibenclamide twice
daily (10mg am, 5 mg
pm). If day or evening
BG>10.0mmol/l, insulin
changed to twice daily
(T4).
T3: Once daily NPH
insulin before breakfast
+ glibenclamide twice
daily (10mg am, 5 mg
pm). If  bedtime
BG>10.0mmol/l, insulin
changed to twice daily
(T4).

T2 and T3 convert to
same scheme, T4 if one
daily insulin injection
inadequate.

Outpatients, Netherlands

Type 2

Duration of diabetes 9 (1-
37)

In: Poorly controlled
despite diet and maximal
doses of oral
antihyperglycemic agents
(15mg glibenclamide or
glibenclamide with
metformin, fbg>8.0mmol/l
(mean of 3 measurements
in 2 months), HbA1c

>8.0%.
Ex: Intercurrent illness,
cardiac, hepatic, renal or
other endocrine disease.

End:
T1 34
T2: 28
T3: 33
but split is
T2 19
T3 22
T4 20
7 dropouts

M/F 37/58

Age: 68±9

BMI 26.0±4.6

Run in: ≥1 month.
Oral therapy
continued, dietary
treatment optimised
treatment regimens
started.
Follow-up: 6 months

Power calculation
not stated.
Intention to treat
analysis

Primary
fbg
HbA1c

Secondary
Total cholesterol,
triglycerides,
HDL, fasting C-
peptide

No differences between treatment groups at baseline for
fbg or HbA1c. fbg and HbA1c both improved and lower in
all 3 treatment groups at 6 months compared with baseline
(all p<0.05).
(mean±SD)       T1         T2             T3
fbg (mmol/l) (n=34)   (n=28)   (n=33)
Baseline    14.5±1.9  14.4±1.9  13.6±2.7
6 months    8.5±2.0     8.4±1.9   8.1±2.2
HbA1c (%)
Baseline   11.2±1.3   10.5±1.2   11.1±1.3
6 months    8.2±1.2   8.1±1.1   8.5±1.1

No differences between treatments at baseline for total
cholesterol, HDL, triglycerides (except total cholesterol in
T1 higher than that in T3 (p<0.05)). At 6 months levels
had reduced in all 3 treatment groups compared with
baseline for total cholesterol and triglycerides and
increased for HDL (all p<0.05).

Total cholesterol (mmol/l)
Baseline   7.0±1.2  6.4±1.3   6.1±1.2
6 months  6.2±1.1  6.1±0.9  5.8±1.0
HDL (mmol/l)
Baseline    1.09±0.3  1.02±0.34   1.05±0.32
6 months   1.21±0.33 1.06±0.34   1.10±0.36
Triglycerides (mmol/l) (median, range)
Baseline        2.36            2.00             2.21
              (1.11-14.7)     0.82-9.1)   (1.03-7.0)
6 months       1.62           1.70               1.91
             (0.39-6.6)   (0.76-6.6)    (0.64-4.4)

Good glycaemic control achieved in all groups, but better
in those on twice daily insulin than once daily.
  At 6 months,           T1      T2          T3
 numbers with:      (n=34)    (n=28)  (n=33)
HbA1c<8.0%          15         11           8
HbA1c>9.0%             6           6         13

Mean
increase in
body
weight
4.0kg,
increase in
all 3
treatment
groups at 6
months
compared
with
baseline
(all p<0.05)

T3, 1 patient
had severe
hypoglycaemi
a during a
gastrointestin
al infection.
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Insulin and oral agents - RCT

Author Treatment
comparison
Drug & daily dose

Setting & location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years
Ethnicity

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Landsted-
Hallin et al
1999

Phase 1:
T1 and T2: 10.5 mg
glibenclamide/day +
premixed insulin, doses
increased to achieve
fbg<8mmol/l and
postprandial
BG<10mmol/l
Phase 2:
T1: insulin dose fixed +
10.5mg glibenclamide
(as phase 1)
T2: insulin dose fixed +
placebo

metformin medication
stopped in all patients on
recruitment

Sweden, 9 centres

Type 2

Median 9 (1-36)

In: BMI 22-32 kg/m2; age
35-75; previous successful
response to
sulphonylureas, fbg
>8mmol/l  &/or
postprandial BG
>11mmol/l  &/or HbA1c >
3% above normal per local
standard, after ≤3 months
treatment
Ex: renal disease, liver
dysfunction, concurrent
acute disease

Start: 175
End phase 1:
T1:40, T2: 123
End phase 2:
T1:39,  T2: 112

M/F 113/:62

Age Median 61
(32-77)

Run-In: 1-2 weeks.
sulphonylurea
treatment
standardised at 10.5
mg glibenclamide/
day
Phase 1: 4 months
Phase 2: 3-22
weeks, median 16
(patients =
responders and
withdrawn when fbg
increase ≥40% mean
fbg in phase 1)
T1: median 17.0
(11-22)
T2: median 14.5 (3-
20)
(p<0.0001)

Power calculation

Fasting serum C-
peptide,
plasma insulin,
HbA1c,
total
cholesterol(TC),
HDL cholesterol,
triglycerides,
blood glucose,
insulin sensitivity
index (KITT)

In Phase 1, decrease in HbA1c, total cholesterol
and triglycerides, increase in ratio of C-peptide
to fbg  (all p<0.0001). In multivariate analysis,
HbA1c value and KITT associated with
improvement in HbA1c  after insulin with
glibenclamide started.
Run In:
fbg increased by 0.5±2.9mmol/l (p=0.02)
Phase 1:
HbA1c>7% at end phase 1 (n=98)
                         Start          End
fbg mmol/l 13.5± 3.1    9.8 ±2.1 (<0.0001)
HbA1c %     10.1± 1.49  7.91±0.77(<0.0001)
Fasting C-peptide nmol/l
                     0.73± 0.37 0.62±0.33 (0.0004)
Free P-insulin mU/l
                    16.4 ±11.1 19.7±11.1  (0.049)
KITT %/min  1.6±1.23 2.14±1.37 (<0.0001)

HbA1c≤7% at end phase 1 (n=65)
                         Start          End
fbg mmol/l 12.2± 2.9  7.6 ± 1.6  (<0.0001)
HbA1c %     9.06± 1.41 6.19±0.58(<0.0001)

Fasting C-peptide nmol/l
                    0.64± 0.36    0.55±0.32 (0.001)
Free P-insulin mU/l
                    16.1 ±8.9    19.4±12.8  NS
KITT %/min 1.98±0.92  2.86±1.22 (<0.0001)

Phase 2:
Start: No differences between responder and
non-responder groups start Phase 2 for fbg,
HbA1c, fasting C-peptide, free P-insulin, KITT.
End :
T1: (n=39)
HbA1c, KITT, insulin levels, lipids no changes
(values on graphs for HbA1c and KITT)
T2: (n=112) 60% became responders.
Compared with Phase 1, both responders and

Weight (kg)
Phase 1:
HbA1c>7% at end
phase 1 (n=98)
           Start     End
 79.7±12.3  83.5±13.4
                (<0.0001)

HbA1c≤7% at end
phase 1 (n=65)
          Start     End
     77.2±9.5  80.0±9.9
                (0.0007)

Phase 2:
T1:
Weight gain continued
by 1.1±2.3kg

T2:
Response Non-
response
     (n=67)        (n=45)
Wt kg
    81.0±113.4
9.9±11.6
 NS

Phase 1:
112 (66%)
patients had
1+ mild
hypoglycaemi
c events,
mean
3.75/patient.
Phase 2:
T1: 24/39
reported 58
non-severe
symptomatic
hypoglycaemi
c events
T2:
15 /112
reported 25
non severe
hypoglycaemi
c events
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non-responders had increased fbg and HbA1c

although also differences between  the two.
Decrease in KITT in responders, no change in
non-responders, differences between the two.
T2 final values  Responder   Non-responder
                              (n=67)             (n=45)
fbg mmol/l 13.9± 2.7  10.3 ± 2.2 (<0.0001)
HbA1c %       8.99± 1.27 8.24±1.28  (0.003)
Fasting C-peptide nmol/l
                     0.56± 0.32 0.56±0.42  NS
Free P-insulin mU/l
                    17.7 ±12.1  17.7±8.0    NS
KITT %/min 1.74±1.15 2.48±1.23 (0.002)

Logistic regression: Duration of Type 2
diabetes the only variable to predict response
to combination therapy
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Insulin and oral agents - RCT

Author Treatment
comparison
Drug & daily dose

Setting & location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years
Ethnicity

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Landstedt
-Hallin et
al 1995

T1: preprandial
insulin, fixed dose
0.25U/kg body
wt/day, 1/3 total dose
as regular insulin
before each meal +
10.5mg
glibenclamide/day
T2: bedtime insulin,
fixed dose 0.25U/ kg
body weight/day, total
dose as NPH insulin
at bedtime +
10.5mg
glibenclamide/day

Weeks 7-16
Insulin dose adjusted
to reach
fbg<6.7mmol/l and
postprandial
BG<8.9mmol/l
T1: final total insulin
dose/day 29±11U
T2: final total insulin
dose/day 26
±9U (NS)

Sweden, hospital clinic

Type 2 with secondary
failure to sulphonylurea
therapy

Diabetes duration 9±5
years

In: Aged 40-80 years
BMI 22-30kg/m2,
fbg>10mmol/l, ≥twice
in past 3 months,
maximum dose of
glibenclamide ≥10.5mg
or glipizide≥15mg for
≥3 months
Ex: renal disease, liver
dysfunction,
contemporaneous acute
disease, psychiatric
disturbances

Start:
T1: 41 T2: 39
End:
76 (no info by
T1/T1)

M/F 56/24

Age 59 (43-76)

Weight
78.4±9.8kg
BMI
26.2±2.3kg/m2

Power
calculation not
stated

Run in: 2 weeks,
all patients had
10.5mg/day
glibenclamide

FU:
Week 1-6, fixed
insulin 0.25UU/kg
body wt/day
Week 7-12,
insulin levels
adjusted
Week 13-16,
current insulin
level maintained

Blood glucose
fbg

No differences between T1 and T2 for
BG, total plasma insulin at start. At end,
higher fbg, lower BG in T1 versus T2.
HbA1c improved and plasma insulin
levels increased in both T1 and T2.

Changes from baseline (mean±SD)
                           T1            T2         T1 vs
T2
fbg mmol/l      -2.8±3.5* -6.4±3.0*

p<0.0001
Mean diurnal BG mmol/l
                       -6.6±3.9*   -5.1±2.3*
p<0.01
HBA1c %        -2.1±1.1*    -1.7±1.1*   NS
Fasting C-peptide nmol/l
               0.07±0.19^  -0.16±0.28x p=0.05
Fasting plasma insulin  pmol/l
                                  18±61    33±48+

NS
Fasting triglycerides mmol/l
                             -0.6±1.1x   -1.0±1.3*

NS
Fasting total cholesterol mmol/l
                              -0.3±0.7x  -0.5±0.8+

NS
Fasting HDL cholesterol mmol/l
                               0.1±0.3    0.1±0.2^

NS
vs baseline, *p<0.0001, +p≤0.001+;
x<0.01; ^p<0.05 vs baseline
Absolute values at end of study also given
in paper

Changes from
baseline (mean±SD)

T1        T2     T1vs
T2
3.4±2.1*1.9±1.9*

p<0.01
vs baseline,
*p<0.0001

fbg
significantly
higher and
mean
diurnal
blood
glucose
significantly
lower in T1
vs T2. All
patients
improved
glycaemic
control, but
none
reached
targets for
blood
glucose
control.
Greater
weight gain
in T1 vs T1.
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Insulin and oral agents - RCT

Author Treatment
comparison
Drug & daily dose

Setting & location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years
Ethnicity

Follow-up period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse effects

Abraira et
al 1998

see
Abraira et
al 1992
for
baseline
details.

T1: One injection
insulin/day, but
HbA1c not exceed
>12.9% (2SD above
mean in o/p clinics
participating)
T2: (a) Bedtime
intermediate or long
acting insulin stepped
up with (b) daytime
glipizide (initial 2.5 or
5mg/day to maximum
40 mg/day, in
increments of 2.5-
5mg until met HbA1c

goal or maximum
dose) , later, if
necessary
(c) two injections of
insulin alone or
(d) multiple daily
injections of insulin.

T2 aim to reduce
HbA1c to close to
normal as possible,
5.1%±1%

5 medical centres, USA

Type 2 requiring insulin

Duration of diabetes
T2: 8±3 years
T1 stated as similar

In: Treated with insulin
or clinically to require
insulin because of
failure of oral therapies,
aged 40-69,
HbA1c>6.55% (3SD
above mean normal),
diabetes duration>15
years.
Ex: Serious illness,
clinical proteinuria,
incapacitating CVD.

Start:
T1:78
T2:75
T2a: 75
T2b: 66
T2c: 48
T2d: 25
M/F no info
Age:
T2: 60±6
T1 stated as
similar
BMI
T2: 30.7±4
T1 stated as
similar

FU: mean 27
months (range 18-
35)
T2a: 8±7
T2b: 10±7
T2c: 7±5
T2d: 5±3
Measurements
every 3 months
for T1 and T2,
additional every
month for T2.

Power calculation
not stated

HbA1c

fpg
insulin
doses

In T1, mean fpg stayed at 11.2-12.8mmol/l whilst in
T2, mean fpg reduced from 11.4±3.3mmol/l at
baseline to approx normal range at 3 months,
maintained for rest of study at 6.5mmol/l (p<0.0001).
fpg similar daily patterns in T2a,b,c,d, with highest
levels in T2a and lowest in T2d with differences
between phase T2a and T2b, and between T2c and
T2d (p<0.05).

In T1 HbA1c was 9.6-9.0% whilst in T2 levels fell
from 9.3±1.8% to <7.3% (p<0.001). Significant
changes between one phase and next in  HbA1c  for
T2a,b,d  (p<0.05) and insulin T2a,c  (p<0.05).

Final values   T2a      T2b        T2c       T2d
HbA1c (%) 8 (grph) 7.8±1.3 7.7±0.8 .2±0.7
Insulin  61±38  61±38  116±68 130(grph)

For T2, by glipizide dose
              Insulin         Glipizide mg/day
                                Low     Interm    High
              Baseline 2.5-10  12.5-20   25-40
                (n=66)    (n=64)  (n=54)  (n=52)
fpg mmol/l 6.7±3  6.5±2.3  6.5±2.3  6.2±1.8
HbA1c(%) 7.8±1.3 7.39±1 7.27±0.8 7.48±0.6
Day insulin(U)64±39  61±36  61±36     66±44
HbA1c % in low and intermediate doses of glipizide
vs baseline insulin, both p<0.05.

Hypoglycaemic
events: severe -
0.02/patient/
year overall.
Mild 84%,
moderate 16%,
in  T1
1.5/patient/year,
T2
16.5/patient/yea
r (p<0.0001).
Few events until
initial mean
HbA1c fell in
T1a to 7.8%,
then each
additional 0.5%
fall in HbA1c

caused doubling
of reported
number. In 3
months, end
treatment phase,
T2a 2.8±5
T2b 7.9±10
T2c 7.4±9
T2d 12.4±13
T2b and T2c vs
T2a  both
p<0.001.
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Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Wolffenb
uttel BHR
et al

1999

Regimen A
Twice daily human
insulin mixtard 30/70

Regimen B
human insulatard at
10pm plus 15mg
glibenclamide daily
(10mg before
breakfast, 5mg before
evening meal)

Regimen C
human insulatard
30mins before
breakfast plus 15mg
glibenclamide daily
(10mg before
breakfast, 5mg before
evening meal)
(Regimen D)
Allowed for  addition
of second daily
insulin injection to
regimens B & C

Type 2 diabetes poorly
controlled despite diet
and maximal doses of
OHA (15m
glibenclamide or
glibenclamide plus
metformin)
Open label
Randomised??
Outpatients in the
Netherlands
Mean age 68 ±  9 years
Median diabetes
duration 9 years
Inclusion criteria
fbg > 8mmol/l
HBA1C > 8.0%
(mean of 3 values over
past three months)
Exclusion criteria
Intercurrent illness
Cardiac, renal, hepatic
or other endocrine
disease
SrCr > 140µmol/l
DBP > 100mmHg
corticosteroids

N = 95
37 male
Regimen A
N = 34
Regimen B
N = 28
Regimen C
N = 33

6 months
treatment
No documented
power calculation

Fasting and
mean daily
blood glucose
(self-monitored)
HBA1C

Overall
Fasting blood glucose
Average fell from 14.1 ±  2.2 mmol/l to
8.3  ±  2.0 mmol/l   (p < 0.001)
HBA1C

Average fell from 11 ±  1.3% to
8.3  ±  1.2 %   (p < 0.001)
34 patients achieved HBA1C  < 8.0% (25
< 7.5%)

Regimen A
HBA1C  
Average fell from 11.2  ±  1.3% to
8.1  ±  1.2 %

Regimen B
HBA1C  
Average fell from 10.5  ±  1.2% to
8.1  ±  1.1 %

Regimen C
HBA1C  
Average fell from 11.1  ±  1.3% to
8.5  ±  1.1 %

Difference not significant

Moderate mean
weight gain of  ±
4.0kg similar in all
patient groups

1/3 of patients on
single daily injection
needed  increase to
twice daily

Similar  moderate
beneficial effect on
serum lipids in all
patient groups

15/34 Regimen A
11/28 Regimen B
 8/33  Regimen C
achieved HBA1C  <
8.0%

One
episode
of
severe
hypogly
caemia
reported
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Insulin and oral agents - RCT
Author Treatment comparison

Drug & daily dose
Setting & location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male:
Female
Age mean
±SD (range)
years
Ethnicity

Follow-up period
Power calculation

Main
outcome
measure
s
(other
outcome
s)

Results
Metabolic factors

Result
s
Other

Adverse
effects

Riddle
and
Schneider
1998

Note: trial
not
intended
to show
maximal
glucose-
lowering
power of
this
method
but to test
simple
algorithm
for
beginning
insulin in
obese
Type 2
patients
after
sulphonyl
urea
failure

T1: glimepiride 8mg
twice daily + insulin
T2: placebo + insulin

Insulin started at
70/30 (70% NPH
/30% regular) human
insulin injected 30min
before supper,
10U/day for 2 weeks.
Dose then titrated up
by 10U/week till fbg
≤140mg/dl
(7.8mmol/l) for 2
consecutive days, then
5U/week till
fbg≤120mg/dl
(6.7mmol/l) for 2
consecutive days.
When fbg=100mg/dl
(5.5mmol/l)-
120mg/dl, a constant
dosage maintained.
Small decreases in
insulin permitted.
Subjects dropped
from study if fpg
>300mg/dl
(16.7mmol/l) on 2
consecutive visits in
FU period.

Multicentre, USA

Type 2

Duration of diabetes:
T1 7±4
T2: 7±4

In: On sulphonylurea
for ≥6 months but not
well controlled with full
dosage, aged 45-70,
weight 130-170% of
desirable weight.
Ex: Pregnant or
breastfeeding, duration
of diabetes >15 years,
history of ketoacidosis,
autoimmune disease,
major systemic illness,
other than diabetes,
allergy/ intolerance to
sulphonylureas, use of
glucocoticoid agents,
phenytoin, niccotinic
acid,
aympathomimeticcs,
phenothiazines or
isoniazid, serum C-
peptide <0.4pmol/ml.
Women post
menopausal, infertile, or
using contraceptives.

Start:
208 eligible,
32 then
disqualified
FU:
T1: 72
T2: 73
End:
T1: 70
T2: 62
 M/F
T1: 27/45
T2: 33/40
Age
T1: 58±8
T2: 58±8
Ethnicity
T1:
Caucasian
58, Other
(Latino,
Afro-
American,
Native
American)
15
T2: C 57, O
15

BMI
T1:
32.2±4.4
T2:
33.7±5.4

Open phase: 8
weeks.
Discontinued
hypoglycaemic
therapy, given
glimepiride, doses
titrated up to 8mg
twice daily from
8mg/day, if  FPB>
8.3mmol/l. If
fpg<8.3mmol/l on
2 visits, patient
dropped. If on
8mg twice daily
and FPB≤
10mmol/l or
>16.7mmol/ also
dropped.
FU: 24 weeks
glimepiride or
placebo plus
insulin titrated
upwards from
10U/day or
5U/day until
FPB=5.5mmol/l.
Measurements
taken week 2, 4,
then every 4th
week

Primary
fpg,
HbA1c

Other
Insulin
dosage,
weight,
blood
pressure
, fasting
serum
insulin,
fasting
serum
C-
peptide,
fasting
serum
lipids

At end of open phase (baseline) and end of 24 weeks FU, fpg and
HbA1c similar in T1 and T2 and decline in HbA1c equivalent. But rate
of decline faster for T1. T1 vs T2 differed at 2 and 4 weeks
(p<0.001).
                                    T1             T2
 fpg (mmol/l) (n=begin72, end70)  (n=73, 62)
Baseline                  13.9±2.5   14.5±2.3
24 weeks                   7.6±1.8    7.6±2.2
HbA1c (%)                  (n=70)   (n=62)
Baseline                      9.7±1.3    9.9±1.3
24 weeks                    7.6±0.8   7.7±1.0
Decline                         2.2±1      2.1±1
Fasting serum insulin (µU/ml)
Baseline                        16.8±15.8  20.1±19.0
24 weeks                      27.4±22.0   28.7±21.5
Fasting serum C-peptide (pmol/ml)
Baseline                        1.2±0.6  1.3±0.6
24 weeks                     0.8±0.3  0.6±0.4*

Total cholesterol   (mmol/l)
Baseline                      5.90±1.24  5.69±11.38
24 weeks               5.61±1.11  5.51±0.90
LDL cholesterol (mmol/l)
Baseline                       3.42±0.93   3.31±0.96
24 weeks                     3.36±0.80   3.26±0.83
HDL cholesterol (mmol/l)
Baseline                           1.22±0.23 1.16±0.28
24 weeks                      1.24±0.26   1.29±0.31+

Triglycerides (mmol/l)
Baseline                     3.16±3.33   3.11±2.05
24 weeks                   2.32±1.98  2.05±1.05
*p<0.001, +p<0.05, between group differences in change from
baseline
Mean insulin dosage higher for T2 (78 U/day) than T1 (49U/day) at
24 weeks (or at time of discontinuation) (p<0.001).

No
chang
es in
weight
(kg)
T1
Baseli
ne
98.2±
16.5
24
weeks
93.9±
15.9
T2
Baseli
ne
99.2±
20.8
24
weeks
103.2
±20.3

92% T1,
90% T2
had
adverse
events.
51% T1,
37% T2
had
hypoglyca
emic
events
(P<0.05).
Moderate
hypoglyca
emia 11%
T1, 15%
T2.
Serious
events 5
T1, 3 T2,
none
related to
therapy.
Dropouts,
T1 2
(3%), T2
11
(15%)(p<
0.01).
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Insulin and oral agents - RCT

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Bastyr EJ
et al

1996

L + S
preprandial insulin
lispro , plus
sulphonylurea

L + N
preprandial insulin
lispro plus NPH
insulin at night

N + S
sulphonylurea twice
daily plus NPH
insulin at night
(sulphonylurea -in
Europe generic
glibenclamide, 10mg
[7mg micronized]
before breakfast and
5mg [3.5mg
micronized] before
dinner, in North
America, generic
glyburide [the US
adopted name for
glibenclamide] 10mg
before breakfast and
10mg before dinner

58 centres in 11
countries
Uncontrolled Type 2
diabetes
Open label
Randomised
Inclusion criteria
fbg > 7.8mmol/l
PostPBG > 10mmol/l
HBA1C > 150% ULN
(mean of 3 values over
past three months)

N = 423
L + S
N = 139
61 male
Mean age 60.19
years
Mean duration
of diabetes 10
years

L + N
N = 149
86 male
Mean age 59.61
years
Mean duration
of diabetes 9.0
years

N + S
N = 135
73 male
Mean age 60.74
years
Mean duration
of diabetes 9.0
years

2 months
treatment
No documented
power calculation

fbg, PostPBG,
PrePBG, (self-
monitored)
Prandial Blood
glucose
excursion
(AUC)
HBA1C

Body weight
BMI
Insulin dose

HBA1C Mean change from baseline was
significantly different for L+S and N+ S
(p = 0.003) with L+S showing the
greater difference.
Within treatment differences were
significant for all groups (p < 0.001)
The observed value at end-point was
significantly lower in L +S vs N+ S (p
= 0.022)
Fasting blood glucose increased in L+S
and L+N vs N+S  (p < 0.001)
Postprandial blood glucose decreased in
L+S and L+N vs N+S  (p < 0.001)
Mean prandial blood glucose excursion
decreased in L+S and L+N vs N+S  (p
< 0.001) - all time points

Compared with baseline, all treatment
groups showed significant mean
increases in bodyweight and BMI

Mean daily insulin lispro dose between
L+S and L+N  was not  significantly
different at final visit.
Dose of NPH insulin between L+N and
N+S was significantly different and was
greater with N+S

Rates of
hypoglycaemic
episodes per 30days
were
L+S   0.98
L+N  1.17
N+S   0.75
(non-significant)
Confirmed episodes
were
L+S   0.38
L+N  0.52
N+S   0.39
(non-significant)
Episodes between 12
midnight and 6am -
L+S vs L+N and N+S
was significantly
lower

Episodes between 12
midday and 6pm -
L+S and L+N vs N+S
were significantly
lower

Episodes between
6pm and 12 midnight
L+S was significantly
lower compared with
N+S

There
was no
significa
nt
differen
ce in
other
reported
adverse
events
between
the three
treatmen
t groups

Disconti
nuations

L+S
2.9%

L+N
7.4%

N+S
8.9%
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Insulin and oral agents - RCT

Author Treatment
comparison
Drug & daily dose

Setting & Location
Type 1 and/or 2
Diabetes duration,
mean (range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up period
Power
calculation

Main outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Yki-
Jarvinen
H et al

1999

Regimen A
NPH insulin at
bedtime plus 10.5mg
glyburide
(glibenclamide) daily
and placebo
Regimen B
NPH insulin at
bedtime plus 2 grams
metformin daily and
placebo
Regimen C
NPH insulin at
bedtime plus 10.5mg
glyburide
(glibenclamide) daily
and metformin 2
grams daily
Regimen D
NPH insulin at
bedtime plus a second
dose of insulin in the
morning

Four hospital centres in
Finland (outpatients)
Type 2 diabetes (mean
age 58 ± 1 year)
Randomised partially
blinded study
Inclusion criteria
Age 40-70 years
BMI < 35kg/m2   
fbg > 8mmol/l
Diabetes for > 3 years
Previous therapy with
maximal glibenclamide
or glipizide
Fasting C-peptide conc
> 0.33nmol/l

Exclusion criteria

CCF, MI or stroke
during past six months
Epilepsy or other severe
disease
Liver disease
Nephropathy
Proliferative retinopathy
or severe maculopathy
Previous insulin for
more than 2 weeks
Alcohol abuse
Night work

N = 96
Regimen A
N = 22 (13 men)
Mean age 61 ±
2 years

Regimen B
N = 19 (11 men)
Mean age 67 ±
2 years

Regimen C
N = 23 (14 men)
Mean age 55 ±
2 years

Regimen D
N = 24 (16 men)
Mean age 58 ±
2 years

Insulin dose
self-adjusted in
all groups to
achieve fbg <
6mmol/l

Six week run-in
period of
intensified
conventional
treatment
Twelve month
treatment period
after
randomisation
No documented
power calculation

Insulin Doses
Glycaemic
Control
Diurnal Serum
Free-Insulin
Concentrations
Bodyweight
Hypoglycaemia
BP, serum
lipoprotein
concentrations
and urinary
albumin
excretion rate

Insulin Doses
Initially similar in all groups. During
treatment period doses were greater with
Regimen B compared to all other groups
(p< 0.01)
Glycaemic Control
HBA1C  values were comparable during the
run-in period and declined with treatment in
all groups. At 12 months,  similar extent
with treatment compared with the control
group (p<0.001) the decrease was
significantly greater with Regimen B
compared to all other groups (p< 0.01)
Diurnal Serum Free-Insulin Concentrations
At 12 months, mean values in all groups
had increased significantly compared with
month 0 (p<0.05). There were no
significant differences between treatment
groups.

Bodyweight

At 12 months, patients on Regimen B had
not gained weight compared with body
weight at month 0.  This result was
significant in relation to significant weight
gain recorded in all other treatment groups.

Hypoglycaemia

With Regimen B there were significantly
fewer symptomatic and biochemical cases
of hypoglycaemia than the other groups
(p<0.05)

Among all
groups, serum
triglyceride levels
were similar at
baseline and
during therapy
decreased
significantly in all
groups (p<0.001).
The difference
between groups
was not
significant.

88/96
randomi
sed
complet
ed the
study.
4  drop -
outs
related
to
treatmen
t with
metform
in and 4
for
reasons
unrelate
d to the
study



216 National Clinical Guidelines for Type 2 Diabetes

Insulin and oral agents - RCT

Author Treatment
comparison
Drug & daily
dose

Setting & Location
Type 1 and/or 2
Diabetes duration,  mean
(range) years
Inclusion/Exclusion

Numbers
randomised
Male: Female
Age mean ±SD
(range) years

Follow-up
period
Power
calculation

Main
outcome
measures
(other
outcomes)

Results
Metabolic factors

Results
Other

Adverse
effects

Yki-
Jarvinen
H et al
1992

Regimen A
OHA plus NPH
insulin at 7am
Regimen B
OHA plus NPH
insulin at 9pm
Regimen C
NPH insulin /
regular insulin
(30/70) twice
daily
Regimen D
NPH insulin at
9pm and regular
insulin before
each meal
Regimen E
Continued OHA
therapy (Control
Group)

Six hospital centres
Type 2 diabetes
Randomised open-label
study
Inclusion criteria
Age 40-70 years
BMI < 35kg/m2 and weight
stable for past 6 months
fbg > 8mmol/l
Diabetes for > 3 years
Previous therapy with
maximal glibenclamide or
glipizide  alone or plus
metformin
Fasting C-peptide conc >
0.33nmol/l

Exclusion criteria

CCF, MI or stroke during
past six months
Epilepsy or other severe
disease
Liver disease
Nephropathy
Proliferative retinopathy or
severe maculopathy
Previous insulin for more
than 2 weeks
Alcohol abuse
Night work
Serum triglycerides >
5mmol/l
Presence of islet-cell
antibodies

N = 153
Regimen A
N = 32 (12 men)
Mean age 59 ± 8
years
Duration of diabetes
11 ± 4 years
Regimen B
N = 28 (15 men )
Mean age 60 ± 6
years
Duration of diabetes
10 ± 6 years
Regimen C
N = 29 (12 men)
Mean age 59 ± 7
years
Duration of diabetes
10 ± 4 years
Regimen D
N = 30 (18 men)
Mean age 60 ± 5
years
Duration of diabetes
11 ±  5 years
Regimen E
N = 30 (11 men)
Mean age 59 ± 7
years
Duration of diabetes
10 ± 4 years

Six week
run-in
period of
intensified
conventiona
l treatment
Three
month
treatment
period after
randomisati
on
No
documented
power
calculation

Insulin Doses
Glycaemic
Control
Diurnal
Serum Free-
Insulin
Concentration
s
Bodyweight
Hypoglycaemi
a
BP and serum
lipoprotein
concentrations
Attitudes and
Subjective
Well-Being

Insulin Doses
Doses were comparable between regimens A &
B and Regimens C & D
Glycaemic Control
HBA1C  values were comparable during the run-
in period and declined to a similar extent with
treatment compared with the control group
(p<0.001)
Diurnal Serum Free-Insulin Concentrations
The increment in the mean diurnal serum free-
insulin concentration was 50-65 % smaller in
the evening-NPH group (Regimen B) (p<0.05)

Bodyweight

Weight gain was  significantly less in the
in the evening-NPH group (Regimen B) than in
the other insulin-treatment groups (p<0.001)

Hypoglycaemia

There was no significant difference between the
number of reported hypoglycaemic episodes in
the four insulin-treatment groups. There were
none in the control group

BP and serum lipoprotein concentrations

BP did not change in any insulin-treatment
group.
VLDL triglyceride decreased 13 – 28% in
insulin-treatment groups and 7% in control
group

Attitudes and
Subjective Well-
Being
There was
significantly less
improvement in
the subjective
sense of well-
being in the
control group vs
the other groups
(p<0.001). The
majority of
patients in all
groups (89 –
100%) wanted to
continue with
insulin therapy
after 3 months
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