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EXECUTIVE SUMMARY
The Issue
Type 2 diabetes mellitus is a progressive disease that is usually treated using a stepwise
approach, beginning with lifestyle modification followed by the addition of one or more oral
antidiabetes drugs and eventual treatment with exogenous insulin. Metformin is
recommended as the first-line oral antidiabetes drug in most patients with type 2 diabetes
when glycemic control cannot be achieved by lifestyle interventions alone. Existing guidelines
recommend several options for second-line therapy when metformin alone is no longer
effective. There is a lack of specific recommendations regarding which agents are optimal as
second-line therapy. Given the increasing prevalence of type 2 diabetes, there is a need to
evaluate the evidence related to the clinical and cost-effectiveness of second-line drugs in
order to facilitate their optimal use.

Objective
1) To conduct a systematic review of the clinical evidence pertaining to second-line
antidiabetes drugs for patients with type 2 diabetes inadequately controlled on metformin
monotherapy.
2) To conduct a cost-effectiveness analysis of second-line antidiabetes drugs for patients with
type 2 diabetes inadequately controlled on metformin monotherapy based on the results of
the systematic review.

Methods
Clinical: Active and placebo-controlled randomized controlled trials (RCTs) of
antihyperglycemic agents used in patients with type 2 diabetes inadequately controlled or
intolerant to metformin monotherapy were identified through electronic databases, grey
literature, reference lists, conference abstracts, and stakeholder consultation. Outcomes of
interest included glycosylated hemoglobin (A1C), hypoglycemia, long-term complications of
diabetes, mortality, quality of life, and serious adverse effects. Mixed treatment comparison
(MTC) and pairwise meta-analyses were conducted to pool trial results, when appropriate.
Numerous sensitivity analyses were performed to examine robustness of meta-analytic
results.
Economic: The United Kingdom Prospective Diabetes Study (UKPDS) Outcomes Model was
used to forecast diabetes-related complications and cost-consequences from the perspective
of a Canadian ministry of health, and estimate incremental cost utility ratios (ICURs) for each
class of second-line antidiabetes drugs. Treatment effect estimates were obtained from the
systematic review of clinical evidence. Other inputs for the model were derived from
published and unpublished sources. Numerous sensitivity analyses were performed to examine
robustness of results to variation in model inputs and assumptions.

Results
Clinical: Evidence for eight classes of second-line antidiabetes therapies in adults with
type 2 diabetes inadequately controlled with metformin monotherapy was identified. The
methodological quality of the evidence was generally low. All agents achieved statistically
significant reductions in A1C, and there were no statistically significant differences
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between drug classes. Events of severe hypoglycemia were very rare for all agents;
however, the insulins and insulin secretagogues were associated with a higher risk for
overall hypoglycemia than the other agents. A modest increase in body weight was
observed with most second-line therapies, the exceptions being dipeptidyl peptidase-4
(DPP-4) inhibitors, alpha-glucosidase inhibitors, and glucagon-like peptide-1 (GLP-1)
analogues. There was little evidence regarding the effect of second-line antidiabetes
drugs on the long-term complications of diabetes or mortality.
Economic: Sulfonylureas were the most cost-effective second-line therapy in patients
inadequately controlled on metformin, due primarily to their lower cost compared with
insulin and newer agents. Cost-effectiveness results were robust to variations in model inputs
and assumptions.

Conclusion
Sulfonylureas are equally efficacious as other agents when used as second-line treatment
after inadequate control with metformin monotherapy, and represent the most cost-effective
treatment option.
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ABBREVIATIONS
A1C

glycosylated hemoglobin

BMI

body mass index

CAC

COMPUS Advisory Committee

CADTH

Canadian Agency for Drugs and Technologies in Health

CERC

COMPUS Expert Review Committee

CI

confidence interval

COMPUS

Canadian Optimal Medication Prescribing and Utilization Service

DDD

defined daily dose

DPP-4

dipeptidyl peptidase-4

DTSQ

Diabetes Treatment Satisfaction Questionnaire

GLP-1

glucagon-like peptide-1

GRADE

Grading of Recommendations Assessment, Development and Evaluation

HRQoL

health-related quality of life

ICUR

incremental cost-utility ratio

MTC

mixed treatment comparison

N

total number of patients

NPH

neutral protamine Hagedorn

OR

odds ratio

QALY

quality-adjusted life-year

RCT

randomized controlled trial

SIGN

Scottish Intercollegiate Guidelines Network

TZDs

thiazolidinediones

UKPDS

United Kingdom Prospective Diabetes Study
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1

INTRODUCTION

In March 2004, the Canadian Coordinating Office for Health Technology Assessment (CCOHTA)
— now the Canadian Agency for Drugs and Technologies in Health (CADTH) — launched the
Canadian Optimal Medication Prescribing and Utilization Service (COMPUS) as a service to
federal, provincial, and territorial jurisdictions and other stakeholders. COMPUS is a
nationally coordinated program, funded by Health Canada.
The goal of CADTH, through COMPUS, is to optimize drug-related health outcomes and costeffective use of drugs by identifying and promoting optimal drug prescribing and use. Where
possible, CADTH builds on existing applicable Canadian and international initiatives and
research. CADTH goals are achieved through three main approaches:
 identifying evidence-based optimal therapy in prescribing and use of specific drugs
 identifying gaps between clinical practice, then proposing evidence-based interventions to
address these gaps
 supporting the implementation of these interventions.
Direction and advice are provided to CADTH through various channels, including the following:
 the COMPUS Advisory Committee (CAC), which includes representatives from the federal,
provincial, and territorial Health Ministries and related health organizations
 the COMPUS Expert Review Committee (CERC) members, whose members are listed
previously in this document (the mandate of CERC is advisory in nature and is to provide
recommendations and advice to CADTH on assigned topics that relate to the
identification, evaluation, and promotion of optimal drug prescribing and use in Canada)
 stakeholder feedback.

1.1

COMPUS Expert Review Committee

CERC consists of eight Core Members appointed to serve for all topics under consideration
during their term of office, and three or more Specialist Experts appointed to provide their
expertise in recommending optimal therapy for one or more specific topics. For topics in the
area of diabetes management, including insulin analogue therapy, blood glucose test strips,
and second-line therapy for patients with type 2 diabetes in whom metformin monotherapy
has failed, four endocrinologists/diabetes specialists were appointed as Specialist Experts.
Two of the Core Members are Public Members who bring a lay perspective to the committee.
The remaining six Core Members hold qualifications as physicians, pharmacists, or health
economists or have other relevant qualifications, with expertise in one or more areas such as
but not limited to family practice, internal medicine, institutional or community clinical
pharmacy, pharmacoeconomics, clinical epidemiology, drug utilization expertise,
methodology, affecting behaviour change (through health professional and/or patient and/or
policy interventions), and critical appraisal. The Core Members including Public Members are
appointed by the CADTH Board of Directors.
The mandate of CERC is advisory in nature and consists of providing recommendations and
advice to CADTH on assigned topics that relate to the identification, evaluation, and
promotion of optimal practices in the prescribing and use of drugs across Canada. The overall
perspective used by CERC members in producing recommendations is that of public health
care policy-makers in pursuit of optimizing the health of Canadians within available health
care system resources.
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2

ISSUE

CAC has identified the management of diabetes as being a priority area for optimal practice
initiatives based on the following criteria:







large deviations from optimal utilization (overuse or underuse)
size of patient populations
impact on health outcomes and cost-effectiveness
benefit to multiple jurisdictions
measurable outcomes
potential to effect change in prescribing and use.

Within diabetes management, second-line therapy for patients with type 2 diabetes
inadequately controlled on metformin monotherapy was identified by CAC as a priority topic.
The treatment of patients with type 2 diabetes usually begins with lifestyle modifications and
treatment with oral antidiabetes drugs. Metformin is recommended as the first-line oral
antidiabetes drug in most patients with type 2 diabetes when glycemic control cannot be
achieved by lifestyle interventions alone.1-5 Recent utilization data indicate that
approximately 60% of patients with type 2 diabetes initiating pharmacotherapy in Canada are
started on metformin monotherapy.6 As type 2 diabetes is a progressive disease, glycemic
levels are likely to worsen over time. Most patients eventually require two or more oral
antidiabetes drugs, or the addition of an insulin regimen, to achieve or maintain target blood
glucose levels.7,8 Existing guidelines and consensus documents1-3,9-15 vary regarding
recommendations for second-line treatment after glycemic control cannot be achieved with
metformin alone. Some recommend that a sulfonylurea be added to metformin.3,11,12,15
Others, however, do not identify a single drug class or agent as being preferred; instead, a
stepwise approach to add agents from various classes is often recommended.1,2,9,10,13,14 Little
or no evidence is cited in relation to recommendations regarding second-line therapy in any
of the guidelines.
Canadians spent approximately $17.10 per capita on oral antidiabetes drugs in 2007, for a
total of $563 million.16 The average cost per oral antidiabetes drug prescription in publicly
funded drug plans in Canada nearly doubled over the course of a decade, from $11.31 in 1998
to $20.77 in 2007.6 The increase in costs may have at least partly been due to the
introduction of more costly antidiabetes drugs to the market. For example, the
thiazolidinediones (TZDs) — rosiglitazone and pioglitazone ― represented only 9.4% of all
prescriptions for antidiabetes drugs in 2008, yet they accounted for 33% of total
expenditures.17 Given the large, growing population of patients with type 2 diabetes in
Canada, suboptimal use of second-line antidiabetes drugs is likely to have a detrimental
effect on both health outcomes and the cost-effective use of drugs. Therefore, there is a
need for clear recommendations based on clinical and cost-effectiveness evidence to guide
second-line therapy for patients with type 2 diabetes inadequately controlled on metformin
monotherapy.
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2.1

Diabetes Mellitus

Diabetes is a chronic disease characterized by the body’s inability to produce sufficient
insulin and/or properly use insulin.18 Type 1 diabetes occurs in approximately 10% of patients
with diabetes, and it results when little or no insulin is produced by the body.19 Type 2
diabetes is a metabolic disorder caused by varying degrees of insulin resistance; the body
usually produces insulin but is unable to use it properly.19 When inadequately managed,
diabetes is likely to result in poor glycemic control.18 Impaired glycemic control, if prolonged,
may result in diabetes-related complications (e.g., ischemic heart disease, stroke, blindness,
end-stage renal disease, and lower limb amputation).20,21
It is estimated that 1.9 million Canadian men and women aged 20 years and older had been
diagnosed with diabetes in 2005-2006, representing 6.2% of all men and 5.5% of all women. In
addition, it is believed that a large number of Canadians have diabetes but have not been
diagnosed.22

2.1.1 Technology description — second-line antidiabetes drugs
Eleven classes of antidiabetes drugs are available as second-line therapy for patients with
type 2 diabetes inadequately controlled on metformin monotherapy: sulfonylureas,
meglitinides, alpha-glucosidase inhibitors, TZDs, dipeptidyl peptidase-4 (DPP-4) inhibitors,
glucagon-like peptide-1 (GLP-1) analogues, basal insulins, bolus insulins, biphasic insulins,
weight-loss agents, and amylin analogues. These second-line antidiabetes drugs are presented
in Table 1.
Table 1: Drugs Included in the Therapeutic Review
Generic Name
Sulfonylureas
Gliclazide/
Gliclazide MR

Dosage

Admin.

Range: 80-320 mg
DDD: 160 mg
Range for MR: 30-120 mg

Oral

Glimepiride

Range: 1-8 mg
DDD: 2 mg

Oral

Relevant Indications
Control of hyperglycemia in gliclazideresponsive type 2 diabetes which cannot
be controlled by proper dietary
management and exercise, or when insulin
therapy is not appropriate.23,24
Indicated for use as follows: an adjunct to
proper dietary management, exercise, and
weight reduction to lower the blood
glucose in patients with type 2 diabetes
whose hyperglycemia cannot be controlled
by diet and exercise alone; in combination
with metformin when diet and exercise
and glimepride or metformin alone do not
result in adequate glycemic control; in
combination with insulin to lower blood
glucose in patients whose hyperglycemia
cannot be controlled by diet and exercise
in conjunction with an oral hypoglycemic
agent alone.25
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Table 1: Drugs Included in the Therapeutic Review
Generic Name
Glyburide

Dosage
Range: 2.5-20 mg
DDD: 10 mg

Chlorpropamide

Range: 100-500 mg
DDD: 375 mg

Oral

In mild, stable type 2 diabetes to control
hyperglycemia responsive to the drug. It
should not be used in those patients who
are prone to ketosis or who can be
controlled by dietary management and
exercise alone or for whom insulin therapy
is more appropriate.27

Glipizide

Range: 5-40 mg
DDD: 10 mg
Range: 500-3,000 mg
DDD: 1,500 mg

Oral

Not approved in Canada.

Oral

To control hyperglycemia in tolbutamideresponsive type 2 diabetes which cannot
be controlled by proper dietary
management and exercise or when insulin
therapy is not appropriate.28

Thiazolidinediones
Pioglitazone
Range: 15-45 mg
DDD: 30 mg

Oral

Rosiglitazone

Oral

Indicated as monotherapy in patients not
controlled by diet and exercise alone, to
decrease insulin resistance and blood
glucose levels in patients with type 2
diabetes. Also indicated for use in
combination with a sulfonylurea or
metformin when diet and exercise plus the
single agent do not result in adequate
glycemic control.29
Indicated for use as an adjunct to diet and
exercise in patients with type 2 diabetes
as follows: as monotherapy in patients not
controlled by diet and exercise alone and
for whom metformin is inappropriate
because of contraindications or
intolerance; in combination with
metformin when diet and exercise plus
metformin do not result in adequate
glycemic control; in combination with a
sulfonylurea in patients who show
intolerance to metformin or for whom
metformin is contraindicated, when diet
and exercise plus sulfonylurea or
rosiglitazone monotherapy do not result in
adequate glycemic control.30

Tolbutamide

Range: 4-8 mg
DDD: 6 mg

Admin.
Oral

Relevant Indications
Indicated as an adjunct to proper dietary
management, exercise, and weight
reduction to lower blood glucose in adult
patients with type 2 diabetes whose
hyperglycemia cannot be controlled by
diet and exercise alone or when insulin
therapy is not required.26
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Table 1: Drugs Included in the Therapeutic Review
Generic Name
Meglitinides
Nateglinide

Repaglinide

Dosage

Admin.

Range: 60-120 mg
DDD: 360 mg

Oral

Range: 0.5-16 mg
DDD: 4 mg

Oral

Alpha-glucosidase inhibitors
Acarbose
Range: 150-300 mg
DDD: 300 mg

Oral

Miglitol

Range: 75-300 mg
DDD: 300 mg

Oral

Range: 100 mg
DDD: 100 mg

Oral

Range: 100 mg
DDD: 100 mg
Range: 5 mg
DDD: N/A

Oral

DPP-4 inhibitors
Sitagliptin

Vildagliptin
Saxagliptin

Oral

Relevant Indications
Indicated as monotherapy to lower the
blood sugar in patients with type 2
diabetes who are not controlled
satisfactorily by diet and exercise alone.
Also indicated in combination with
metformin in patients not controlled
satisfactorily on diet, exercise, or
metformin alone.31
Indicated in patients with type 2 diabetes
whose hyperglycemia cannot be controlled
satisfactorily by diet and exercise alone.
Indicated in combination therapy with
metformin to lower blood glucose in
patients whose hyperglycemia cannot be
controlled by diet and exercise plus
metformin monotherapy. Indicated in
combination with rosiglitazone in patients
who show intolerance to metformin or for
whom metformin is contraindicated, when
diet and exercise plus rosiglitazone or
repaglinide monotherapy do not result in
adequate glycemic control.32
Indicated for use as follows: as an adjunct
to prescribed diet for the management of
blood glucose levels in patients with type 2
diabetes who are inadequately controlled
by diet alone; in combination with either a
sulfonylurea, metformin, or insulin to
improve glycemic control in patients with
type 2 diabetes who are inadequately
controlled on diet, exercise, and either a
sulfonylurea, metformin, or insulin alone.33
Not approved in Canada.

Indicated in combination with metformin
in adult patients with type 2 diabetes
inadequately controlled with metformin
monotherapy.34
Not approved in Canada.
Indicated in patients with type 2 diabetes
to improve glycemic control, in
combination with metformin or a
sulfonylurea when metformin or the
sulfonylurea are used alone, with diet and
exercise; does not provide adequate
glycemic control.35
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Table 1: Drugs Included in the Therapeutic Review
Generic Name
GLP-1 analogues
Exenatide

Dosage

Admin.

Range: 10-20 μg
DDD: 15 μg
Liraglutide
Range: 1.2-1.8 mg
DDD: N/A
Rapid-acting insulin analogues
Insulin aspart
Dosage is individualized

Insulin lispro

Dosage is individualized

SC

Insulin glulisine

Dosage is individualized

SC

Relevant Indications

SC

Not approved in Canada.

SC

Not approved in Canada.

SC

Patients with diabetes mellitus who
require insulin for the maintenance of
normal glucose homeostasis. Insulin aspart
should normally be used in regimens,
together with an intermediate- or longacting insulin.36
Indicated for the treatment of patients
with diabetes mellitus who require insulin
for the maintenance of normal glucose
homeostasis. Also indicated for the initial
stabilization of diabetes mellitus.37
Indicated for the treatment of adult
patients with type 2 diabetes where
treatment with insulin is required.38

Short-acting human insulin
Regular human
Dosage is individualized
insulin
Intermediate-acting insulin
Insulin NPH
Dosage is individualized

SC

For the treatment of insulin-requiring
diabetic patients.

SC

For the treatment of insulin-requiring
diabetic patients.

Long-acting insulin analogues
Insulin detemir
Dosage is individualized

SC

Insulin glargine

Dosage is individualized

SC

Insulin NPL
Dosage is individualized
Premixed insulins
Premixed regular Dosage is individualized
NPH
Biphasic insulin
Dosage is individualized
aspart

SC

Indicated for the treatment of adult
patients with type 2 diabetes who require
a basal insulin for the control of
hyperglycemia; and the treatment of type
2 diabetes in combination with OADs
(metformin, sulfonylureas, or a TZD) in
adult patients who are not in adequate
metabolic control on OADs alone.39
Indicated for once-daily subcutaneous
administration in the treatment of patients
(> 17 years of age) with type 2 diabetes
who require basal insulin for the control of
hyperglycemia.40
Not approved in Canada.

SC
SC

For the treatment of insulin-requiring
diabetic patients.
Indicated for the treatment of adult
patients with diabetes mellitus who
require insulin for the maintenance of
normal glucose homeostasis.41
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Table 1: Drugs Included in the Therapeutic Review
Generic Name
Biphasic insulin
lispro

Dosage
Dosage is individualized

Admin.
SC

Relevant Indications
Indicated for the treatment of patients
with diabetes mellitus who require insulin
for the maintenance of normal glucose
homeostasis. Also indicated for the initial
stabilization of diabetes mellitus.37

Weight-loss agents
Orlistat
Range: 360 mg
DDD: 360 mg

Oral

Sibutramine

Oral

Orlistat, when used in conjunction with a
mildly hypocaloric diet, is indicated for:
obesity management including weight loss
and weight maintenance; reducing the risk
of weight regain in obese patients after
prior weight loss. These indications apply
to obese patients with a BMI ≥ 30 kg/m2 or
a BMI ≥ 27 kg/m2 in the presence of other
risk factors (e.g., hypertension, type 2
diabetes, dyslipidemia, excess visceral
fat). Can be used in combination with
antidiabetic drugs (sulphonylureas,
metformin, insulin) to improve blood
glucose control in overweight or obese
type 2 diabetes patients who are
inadequately controlled on diet, exercise,
and one or more of a sulphonylurea,
metformin, or insulin.42
Indicated as adjunctive therapy within a
weight management program for: obese
patients with an initial BMI of 30 kg/m2 or
higher; obese patients with an initial BMI
of 27 kg/m2 or higher in the presence of
other risk factors (e.g., controlled
hypertension, type 2 diabetes,
dyslipidemia, visceral fat).43

Range: 10-15 mg
DDD: 10 mg

Amylin analogues
Pramlintide
Range: 60-120 μg

SC

Not approved in Canada.

BMI = body mass index; DDD = World Health Organization Defined Daily Dose; DPP-4 = dipeptidyl peptidase-4;
GLP-1 = glucagon-like peptide-1; NPH = neutral protamine Hagadorn; NPL = neutral protamine lispro; OADs = oral antidiabetes
drugs; SC = subcutaneous; TZD = thiazolidinediones.

3

OBJECTIVES

The objectives of this report were to:
 Identify and appraise the clinical evidence pertaining to use of second-line antidiabetes
drugs for patients with type 2 diabetes inadequately controlled on metformin
monotherapy.
 Conduct a cost-effectiveness analysis of second-line antidiabetes drugs in Canada.
The clinical and cost-effectiveness evidence generated in this review are used to develop
optimal therapy recommendations.
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4

PROJECT OVERVIEW

Once a topic is selected, CADTH
undertakes activities related to
key areas in the procedure. The
CAC provides advice and guidance
throughout the process, from
topic identification through to
supporting intervention and
evaluation tools. CERC, as
described in Section 1.0, provides
expert advice and
recommendations on the topic
area relating to the
identification, evaluation, and
promotion of optimal prescribing
and use of drugs. A broad range of
stakeholders are invited to
provide feedback at key stages in
the CADTH process.
To identify and promote the
implementation of evidencebased and cost-effective optimal
therapy in the prescribing of
second-line therapies, CADTH
follows the process outlined in
the flow chart to the right.
This report represents the draft
systematic review and
pharmacoeconomic analysis for
stakeholder feedback (green
boxes in flow chart) toward the
development of optimal therapy
recommendations for the prescribing and use of second-line therapy for patients with type 2
diabetes inadequately controlled with metformin monotherapy.

5

RESEARCH QUESTIONS

The following research questions were posed in this systematic review and cost-effectiveness
analysis:
1. What is the comparative efficacy and safety of second-line antidiabetes drugs in patients
with type 2 diabetes inadequately controlled on metformin monotherapy?
2. What is the cost-effectiveness of second-line antidiabetes agents in the management of
patients with type 2 diabetes inadequately controlled on metformin monotherapy?
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The populations of interest for this review were adults and children with type 2 diabetes
inadequately controlled or intolerant to metformin monotherapy, and requiring a second
antidiabetes drug. Inadequate control was defined as any of the following: glycosylated
haemoglobin (A1C) > 6.5%; fasting plasma glucose > 7 mmol/L; or two-hour post-prandial
glucose >10 mmol/L (see section 5.1 of the project protocol).44 Clinical effects for all classes
of second-line antidiabetes drugs approved for use by Health Canada, the Food and Drug
Administration (FDA), or the European Medicines Agency were assessed. These included
sulfonylureas, meglitinides, TZDs, DPP-4 inhibitors, GLP-1 analogues, insulins and insulin
analogues, alpha-glucosidase inhibitors, and weight-loss agents. GLP-1 analogues were not
included in the cost-effectiveness analysis as these agents are not approved for use in
Canada. A complete list of agents that were assessed is provided in the project protocol.44
Outcomes of interest included A1C, hypoglycemia, body weight, body mass index (BMI),
health-related quality of life (HRQoL), patient satisfaction with diabetes care and treatment,
severe adverse events, long-term complications, and mortality. A complete list of outcomes is
available in the project protocol.44 Only published randomized, controlled trials were
considered for inclusion in the review.
Outcomes of interest in the cost-effectiveness analysis included drug costs, costs for blood
glucose test strips, total costs and quality-adjusted life years incurred over the average
patients’ lifetime, incremental cost utility ratios (ICURs), net monetary benefit, probability
that a treatment strategy is most cost-effective, and mean rank in terms of costeffectiveness.

6

CLINICAL REVIEW

6.1

Methods

This systematic review and meta-analysis was conducted according to a protocol prepared a
priori.44 Any changes were documented in protocol addenda45 and prepared prior to
conducting the affected analyses.

6.1.1 Literature search strategy
The following bibliographic databases were searched through the Ovid interface: MEDLINE,
MEDLINE In-Process & Other Non-Indexed Citations, Embase, BIOSIS Previews, PubMed, and
the Cochrane Central Register of Controlled Trials. The search strategy was comprised of both
controlled vocabularies, such as the National Library of Medicine’s MeSH (Medical Subject
Headings), and keywords. The main search concepts were type 2 diabetes mellitus,
antidiabetes agents, and metformin. Methodological filters were applied to limit retrieval to
randomized controlled trials (see Appendix 1 for detailed search strategies). The search was
restricted to English language clinical articles published from 1980 to May 2009. Monthly Ovid
AutoAlerts were active from June 2009 to October 2009 to identify studies published after
May 2009.
Grey literature (literature that is not commercially published) was identified by searching the
websites of health technology assessment and related agencies and professional associations.
Google and other internet search engines were also searched. These searches were
supplemented by hand-searching the bibliographies and abstracts of key papers and
conference proceedings, and through elicitation of stakeholder feedback.
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6.1.2 Systematic review and meta-analysis
a)

Selection criteria

Active and placebo-controlled randomized controlled trials (RCTs) were selected for inclusion
if they were published in English, reported relevant outcomes, and involved patients
inadequately controlled on metformin monotherapy. All study populations were included
where patients received second-line agents as add-ons to or switches from metformin
monotherapy regardless of treatment history prior to metformin monotherapy. This included
studies that employed a metformin monotherapy run-in period prior to the addition of
second-line agents. Studies were excluded if:
 more than 15% of the patients used a drug other than metformin monotherapy at baseline,
and no results were reported for the subgroup of metformin users
 initial therapy consisted of a combination of metformin with another antidiabetes drug
 second-line antidiabetes drugs added to metformin monotherapy were compared with
switching to second-line therapy (i.e., discontinuation of metformin monotherapy)
 switch from metformin to another antidiabetes drug(s) was compared with switch to
placebo or no therapy (i.e., no active comparator)
 treatment duration was less than four weeks.
Study selection was conducted independently by two reviewers, with a third reviewer used to
resolve disputes.

b)

Data extraction and quality assessment

Data extraction and quality assessment of RCTs were conducted independently by two
reviewers, with a third reviewer used to resolve disputes. Quality assessment of RCTs was
performed using the SIGN 50 instrument46 for internal validity.

c)

Data synthesis and analysis

WinBUGS47 (MRC Biostatistics Unit, Cambridge, UK) was used for mixed treatment comparison
(MTC) meta-analyses according to the routine developed at the Universities of Bristol and
Leicester.48 Metformin monotherapy was the reference group for all MTC analyses. Posterior
densities for unknown parameters were estimated using Markov Chain Monte Carlo methods.
Basic parameters were assigned non-informative or vague prior distributions. Point estimates
and 95% credible intervals were used to summarize all findings. The probability of a drug class
being optimal was estimated for each outcome based on the proportion of Markov Chain
Monte Carlo simulations in which its relative measure of effect was best. We also calculated
the mean rank for each drug class. We assessed consistency between direct and indirect
evidence by comparing direct estimates obtained from pairwise meta-analysis with estimates
from the MTC meta-analysis. As well, we formally tested for inconsistency using a function49
that assesses each closed loop of the network according to the method of Bucher.50 Model
diagnostics including trace plots and the Brooks-Gelman-Rubin statistic51 were assessed to
ensure model convergence. Two chains were fit into WinBUGS for each analysis, each
employing ≥ 20,000 iterations, with a burn-in of ≥ 20,000 iterations.
Frequentist pairwise meta-analysis was performed using R — a language and software
environment for statistical computing. A random-effects model was used for the reference
case in all pairwise and MTC meta-analyses. For pairwise meta-analyses, a frequentist
approach was used rather than Bayesian statistics, since clinicians and policy-makers are
more familiar with interpretation of the former.
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Since weight-loss agents (i.e., orlistat and sibutramine) are primarily used to lower body
weight rather than to treat hyperglycemia, it was determined through clinical expert opinion
that the MTC analysis should be limited to therapeutic agents whose primary indication is
lowering of blood glucose. Weight-loss agents were excluded from the MTC analysis, and only
the results of direct comparisons are presented.
Following careful assessment of patient and trial characteristics, three different evidence
networks were constructed for our various MTC analyses. The reference case analysis is based
on a drug class level network in which moderate to high fixed dose and titrated dose studies
were pooled into a single node, and low fixed dose studies were excluded. Low doses were
defined as those being below the World Health Organization Defined Daily Dose (DDD). To
account for differences in dosing across studies and avoid exclusion of the low-dose data, a
dose-stratified MTC model was constructed in which each class of agent was stratified into
three separate nodes representing distinct dosing strategies in the evidence network:
 individually titrated dosing
 moderate to high fixed doses (i.e., dosing ≥ DDD)
 low fixed doses (i.e., dosing < DDD).
The third model was an individual agent network that separated the TZD and sulfonylurea
classes into their respective individual agents. Specifically, the TZD class was split into
pioglitazone and rosiglitazone, and the sulfonylurea class into glyburide, gliclazide, glipizide,
and glimepiride.
The dose-stratified and individual agent MTC models limited the ability to conduct sensitivity
analyses as the probability that removal of studies will break the network increases with the
number of nodes. Furthermore, the complexity of these models may also have hindered
clinical interpretation of the results as there is an exponential increase in the number of
effect estimates that must be considered as the number of nodes increases. Comparison of
effect estimates from the two models with the simplified class-level model indicated similar
results and adequate model fit in all three cases. Based on these results, the class-level
model was chosen as the reference case for all subsequent analyses of clinical effectiveness.
The reference case cost-effectiveness analysis was also performed using the results of the
class-level model, although some results from the dose-stratified model were used to inform
certain sensitivity analyses. Results of the dose-stratified and individual-agent models are
also presented for comparative purpose (see appendices 15-20).
Sensitivity analyses were conducted by removing studies:
 of poor methodological quality
 employing a cross-over design
 of less than one year’s duration (and less than three months’ duration for the A1C
outcome)
 where patients used less than 1,500 mg/day of metformin at baseline
 that tested agents currently not available in Canada.
For outcomes subjected to MTC analysis, meta-regression analyses were performed to account
for differences in baseline A1C, duration of diabetes, and baseline BMI (for the body weight
outcome only).
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6.2

Results

6.2.1 Selection of primary studies
Figure 1 illustrates the selection process used to identify primary studies of second-line drugs
in patients inadequately controlled on metformin monotherapy. After removal of duplicates,
a total of 2,743 citations were identified in the literature search. Of these, 2,455 citations
were excluded, based on titles and/or abstracts. These consisted mainly of reviews, study
designs other than randomized controlled clinical trials, and studies in which comparators
were not of interest. Full-text articles of the remaining 288 citations were assessed, and 56
articles representing 49 unique RCTs were included in the systematic review. In several
instances, data from the same clinical trial were presented in multiple full-text articles (see
Appendix 9 for a list of companion papers). The publication with the longest duration of
follow-up was used when analyzing data from such trials. Complete lists of included and
excluded studies are presented in Appendices 2 and 3, respectively.
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Figure 1: PRISMA Diagram of Study Selection Results
3,461 records identified through
database searching

487 records identified through: grey literature
(107); conference abstracts (209); stakeholder
feedback (13); and database alerts (158)

2,256 records after duplicates removed
2,743 records screened
2,455 records excluded
288 full-text articles assessed for eligibility
232 full-text articles excluded:
 population not of interest (145)
 study design not of interest (44)
 intervention not of interest (11)
 outcome not of interest (3)
 duplicate data (7)
 duplicate publication (22)

54 full-text articles and 2 abstracts describing
49 RCTs included in qualitative synthesis

40 full-text articles describing 40 studies included in meta-analysis

6.2.2 Study characteristics
The CADTH systematic review included 49 unique RCTs (reported in 54 full-text articles) 52-105
and two conference abstracts106,107 that compared either one second-line drug with another,
both in combination with metformin; or a second-line drug with placebo, both in combination
with metformin (table 2). Sample size ranged from 13104 to 2,789.68 The threshold baseline A1C
for inclusion in trials was typically in the range of 7.0% to 10%; however, some studies
employed a threshold as low as 6.5% or as high as 11.5%. The mean baseline A1C of trial
subjects ranged from 6.6%108 to 10%72 (weighted mean [SD] = 8.0% [0.9]). The baseline
duration of diabetes ranged from 1.8 to 10.3 years (weighted mean [SD] = 6.1 [5.1] years).
There were differences in the duration and dosage of metformin monotherapy prior to the
addition of second-line drugs (see Appendices 4 and 5 for trial and patient characteristics).
For the non-insulin drug classes, placebo-controlled trials were the most common:
sulfonylureas,63,83,90 meglitinides,84,87 TZDs,66,69,72,78,82,101 DPP-4 inhibitors,58,59,61,65,73,95 alphaglucosidase inhibitors;74,92,98,99,103 and GLP-1 analogues.64,70,89,90,93 The most common active
comparison was sulfonylureas compared with TZDs (seven RCTs).62,71,75,77,91,102,104 The majority
of studies (89%) were sponsored by the pharmaceutical industry.
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The population of interest for this systematic review was patients with type 2 diabetes
treated with metformin monotherapy as first-line therapy under routine clinical care who
either:
 demonstrated inadequate glycemic control after an adequate trial of metformin and
required additional or alternative antidiabetes therapy; or
 experienced intolerable adverse effects or developed contraindications to metformin and
required alternative therapy.
Metformin monotherapy was not necessarily first-line therapy in most studies. Only a single
RCT62 reported inclusion criteria that were likely to limit inclusion to patients receiving
metformin monotherapy as initial antidiabetes therapy. The most common scenario in trials
was that patients were treated with metformin monotherapy under routine clinical care, and
required to have abstained from use of other antidiabetes drugs for a certain period (usually
the past three months) before screening.52-60,63-65,67,68,70,71,73-77,79,81-84,86,87,90-93,96-107 However,
treatment history prior to this period was unspecified. In the second scenario, patients using
a variety of oral antidiabetes drugs underwent a run-in period with metformin monotherapy
upon trial entry, and were randomized to add-on therapy if glycemic control was inadequate
at the end of the run-in period.61,66,69,72,78,80,88,89,94,95 No studies assessed the effects of
switching from metformin to another antidiabetes drug due to intolerable adverse effects,
development of contraindications, or inadequate glycemic control.
There was insufficient evidence to conduct the sub-group analyses specified in the project
protocol (e.g., patients ≥ 65 years old, First Nations people, and ethnic minorities), nor was
there any evidence for children (< 18 years of age) with type 2 diabetes inadequately
controlled with metformin monotherapy. Regarding the interventions of interest, there were
no RCTs that investigated the use of bolus insulins, although a small number of studies
assessed basal and biphasic insulins. There was no evidence available for any of the
following outcomes of interest: patient satisfaction with diabetes care; diabetes-specific,
health-related quality of life; retinopathy; nephropathy; hyperosmolar hyperglycemic
nonketotic coma; upper extremity fractures; and pancreatitis.
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Table 2: Summary of Trial Characteristics
Trial Characteristics
Publication status

Categories
Full texts
Abstracts
Unique RCTs
Multinational

Country

Single country
Study design
Sponsors

Treated with antidiabetes drugs
other than metformin prior to the
study?
Intervention comparison

Number of Included Studies
5452-105
2106,107
4952-55,57-75,77-84,86-93,95,96,99-105,109
2552,53,57,58,60-62,65,68,70,73,75,77,81,83,84,86,8890,92,95,100,101,103

2454,55,59,63,64,66,67,69,71,72,74,78-

80,82,87,91,93,94,97-99,102,104

Parallel RCTs
Crossover RCTs
Industry
Public funding
Not reported
Yes
No
Uncertain

4652,54,55,57,58,60-75,77-84,86-95,97-103
353,59,104
4353-55,57-71,73-75,77,78,80,82-84,86-90,92-95,97-103
252,91
472,79,81,104
1061,66,69,72,78,80,88,89,94,95
262
3852-55,57-60,63-65,67,68,70,71,73-75,77,79,81-

Head-to-head
Placebo control

1753,60,62,68,71,75,77,79-81,88,91,94,97,100,102,104
2952,54,55,57-59,61,63-67,69,70,72-74,78,82-

Both
Publication year
Randomized sample size
Duration of study treatment (months)

84,86,87,90-93,97-104

84,86,87,92,93,95,98,99,103

389,90,101
Range: 199598 to
200955,57,57,60,65,68,70,73,77,78,90,91
Range: 13104 to 278968
193 to 6677

RCTs = randomized controlled trials

Table 3: Summary of Patient Characteristics
Patient Characteristics
Mean age (years)
Gender (% male)
Mean duration of diabetes (years)
Mean duration of stable metformin therapy prior to
the study (months)
Mean metformin dose at baseline (mg/day)
Mean A1C at baseline (%)

Range From All Included Studies
48.086 to 63.691
2191 to 7492
1.886 to 10.372
172,80,94 to 44.357
500 or 75078 to 2,55063
6.663 to 1069

A1C = glycosylated hemoglobin

6.2.3 Study quality
The methodological quality of the 49 included RCTs52-55,57-75,77-84,86-93,95,96,99-105,109 was assessed
using the SIGN-50 instrument. The majority of RCTs (62%) included in this review were
assessed as being of “poor” methodological quality. The primary reasons for downgrading
study quality were failure to describe an adequate method for allocation concealment, failure
to use an intention-to-treat analysis, use of an open-label design, and unequal treatment
between trial arms. The most common forms of unequal treatment between trial arms were
fixed dosing of one second-line drug versus titrated dosing of another, or maximal dosing of
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one drug versus sub-maximal dosing of another (see Appendix 6 for study-level risk of bias
evaluations).

6.2.4 Data synthesis
MTC and pairwise meta-analyses were conducted for A1C, body weight, and overall
hypoglycemia. In the case of severe hypoglycemia, MTC analysis could not be conducted
because of the zero event rates observed in many studies. MTC analysis was also not
performed for severe adverse events because of a lack of clear definitions for this outcome.
Only pairwise direct comparisons were conducted for the remaining outcomes because of the
small number of studies available.
Table 4: Overview of Evidence and Analyses Performed
Outcome

No. of
Treatment
Strategies
9

No. of
Pairwise
Comparisons
14

Body weight

9

14

Overall hypoglycemia

9

14

Severe hypoglycemia

9

12

Nocturnal hypoglycemia
Body mass index
Severe adverse events

7
3
9

5
3
10

Congestive heart failure
Ischemic heart disease
All-Cause Mortality

5
6
7

4
6
8

Macular edema
Neuropathy
Peripheral vascular
disease
Stroke/TIA
HRQoL
IWQOL-Lite
SF-36: physical
SF-36: mental
DTSQ
Overall
Perceived
hypoglycemia
Perceived
hyperglycemia

2
2
2

1
1
1

40 RCTs
(N = 17,795)
30 RCTs
(N = 15,265)
34 RCTs
(N = 16,704)
24 RCTs (N =
8,650)
6 RCTs (N = 805)
4 RCTs (N = 839)
22 RCTs
(N = 11,933)
4 RCTs (N = 4,147)
6 RCTs (N = 2,896)
11 RCTs (N =
9,108)
1 RCT (N = 2,222)
1 RCT (N = 190)
1 RCT (N = 2,789)

3

2

2 RCTs (N = 3,364)

Pairwise

2
2
2

1
1
1

1 RCT (N = 366)
1 RCT (N = 185)
1 RCT (N = 185)

Pairwise
Pairwise
Pairwise

2
3

1
3

1 RCT (N = 187)
1 RCT (N = 457)

Pairwise
Pairwise

2

1

1 RCT (N = 727)

Pairwise

Hemoglobin A1C

No. of Studies
and Patients

Type of
Analysis
Conducted
MTC and
pairwise
MTC and
pairwise
MTC and
pairwise
Pairwise
Pairwise
Pairwise
Pairwise
Pairwise
Pairwise
Pairwise
Pairwise
Pairwise
Pairwise

A1C = glycolsylated hemoglobin; DTSQ = diabetes treatment satisfaction questionnaire; HRQoL = health-related quality of life;
IWQoL = impact of weight on quality of life-lite; MTC = mixed treatment comparisons (meta-analysis); N = total sample size;
RCT = randomized controlled trial; TIA = transient ischemic attack.
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a)

Hemoglobin A1C

There were 40 RCTs53,55,57,58,60-66,68,69,71-74,77,78,80-84,87-95,97-99,101-104 (N = 17,795) that reported
change from baseline in A1C. Evidence was available for all drug classes with the exception of
bolus insulin. The MTC evidence network for A1C highlights the number of RCTs available for
each pairwise comparison (Figure 2). TZDs and DPP-4 inhibitors were most frequently studied
in placebo-controlled trials (six RCTs each), while the most common active comparison was
TZDs versus sulfonylureas.62,71,77,91,102,104
Figure 2: MTC Evidence Network for Hemoglobin A1C*

A1C = glycosylated hemoglobin; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment
comparison; RCTs = randomized controlled trials;TZDs = thiazolidinediones.
*All treatment nodes represent combination therapy with metformin.

A summary of the results of the MTC and direct pairwise meta-analyses is shown in Table 5.
Based on qualitative assessment, the results of the direct pairwise estimates and MTC
estimates are similar in both direction and magnitude. All eight classes of second-line agents
resulted in a statistically significant reduction in A1C relative to metformin monotherapy:
estimates of effect ranged from a high of -0.97% (95% Confidence Interval [CI]: -1.33, -0.62)
for biphasic insulins to -0.64% (95% CI: -0.92, -0.38) for meglitinides (see Appendix 12 for full
results and Appendix 21 for forest plots). The magnitude of A1C reduction was similar across
classes and there were no statistically significant differences between the various active
comparators.
A large number of sensitivity analyses, meta-regression analyses, and alternative modelling
were conducted to explore the results of the reference case MTC meta-analysis for A1C (see
Appendix 24). There were no statistically significant differences in the MTC estimates of
effect after removing studies with any of the following criteria: poor quality, crossover
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design, less than one year in duration, patients using less than 1,500 mg/day of metformin at
baseline, and use of agents not available in Canada. Meta-regressions, performed to account
for differences in baseline A1C and duration of diabetes, also yielded results that were
consistent with the reference case analysis. The reference case analysis was conducted using
a random effects model; therefore, these results were also compared against those obtained
using a fixed effects model and found to be nearly identical.
In addition to grouping second-line agents by drug class, an additional MTC evidence network
was constructed that separated the TZD and sulfonylurea classes into their respective
individual agents. Specifically, the TZD class was split into pioglitazone and rosiglitazone, and
the sulfonylurea class into glyburide, gliclazide, glipizide, and glimepiride. All the agents
resulted in a statistically significant reduction in A1C relative to placebo; however, there
were no statistically significant differences between any of the individual agents relative to
one another (results presented in Appendix 18).
One small RCT54 (N = 69) reported a statistically significant reduction in A1C in patients
treated with orlistat relative to placebo (-0.93% [95% CI: -1.58%, -0.28%]). Another trial
(N = 194) reported no statistically significant difference in patients treated with sibutramine
versus placebo.86

b)

Hypoglycemia

Overall hypoglycemia
Thirty-four RCTs53,55,57-66,68,69,71-73,77,78,80-84,87-89,94,95,97,99,101-104 (N = 16,704) reported the number of
patients experiencing at least one episode of overall hypoglycemia. There was variability in
the clinical definitions of this outcome across RCTs (definitions of hypoglycemia are presented
in appendices 30-32). The most common differences were the specific blood glucose threshold
for hypoglycemia (range ≤ 2.8 to ≤ 3.9 mmol/L), and whether or not patients were required to
validate symptoms of hypoglycemia with self-monitoring of blood glucose. Results from the
MTC meta-analysis and direct pairwise meta-analyses are shown in Table 5 (see Appendix 14
for detailed results and Appendix 21 for forest plots). There was good alignment between the
direct and indirect comparisons. Relative to metformin monotherapy, basal insulin, and
biphasic insulin, sulfonylureas and meglitinides were associated with a statistically significant
increase in the odds of hypoglycemia (range: 5.2-11.0). No statistically significant differences
were detected between these agents. In contrast, there was no statistically significant
difference in the odds of hypoglycemia with TZDs, alpha-glucosidase inhibitors, DPP-4
inhibitors, and GLP-1 analogues relative to metformin alone. Meta-regression analyses for
baseline A1C and trial duration generated similar results, as did removal of crossover studies
in a sensitivity analysis or the use of a fixed-effects model (see Appendix 26). Other planned
sensitivity analyses could not be conducted due to the lack of sufficient connectivity in the
network.
Severe hypoglycemia
Twenty-four RCTs (N = 8,650)53,57,58,60,61,63,64,66,68-73,80,81,83-85,87,89,94,102,103 were identified that
reported the number of patients with at least one episode of severe hypoglycemia. Events of
severe hypoglycemia were rare for all drug-classes including the insulins and insulin
secretagogues (i.e., meglitinides and sulfonylureas). Overall, there were no events reported
in 44 out of 50 treatment arms, and only a single study68 reported more than two events.
Results from MTC meta-analysis were not reported for this outcome as the rarity of events
prevented model convergence. Treatment with sulfonylureas63,83,89 (N = 501) or GLP-1
analogues70,89,103 (N = 389) was not statistically significantly different from metformin alone
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regarding the number of patients with severe hypoglycemia. One RCT68 (N = 2,789) reported a
statistically significant increase in severe hypoglycemia with sulfonylureas in comparison with
DPP-4 inhibitors (Odds Ratio [OR] [95% CI] = 21.20 [1.24, 362.1]). There was no statistically
significant difference between treatment with GLP-1 analogues or basal insulin treatment53,60
(OR [95% CI] = 0.32 [0.01, 8.22]; N = 145). Given the very low occurrence of severe
hypoglycemia across all trials and the consequent limitations in study power, the
interpretability of these results is very limited (see Appendix 27).
Nocturnal hypoglycemia
Six RCTs (N = 805)72,80,84,87,103,107 were identified that reported the number of patients with at
least one episode of nocturnal hypoglycaemia; however, most of these trials reported zero
events in all treatment arms. RCTs comparing metformin alone with meglitinides,84,87 TZDs,72
or alpha- glucosidase inhibitors103 reported no events. One RCT80 (N = 140) reported a nonstatistically significant difference in the occurrence of nocturnal hypoglycemia with biphasic
insulins in comparison with basal insulin (OR [95% CI] = 0.79 [0.34, 1.84]). Another RCT107 (N =
76) reported no statistically significant difference between the GLP-1 analogue exenatide and
insulin detemir. Given the very low occurrence of nocturnal hypoglycemia across all trials,
the power to detect any differences between agents was extremely limited (see Appendix
27).

c)

Body weight and body mass index

Thirty RCTs (N = 15,265)53,55,57,58,60,62-64,66,68,71-73,77,78,80,81,83,84,87-89,91,92,94,97,99,101-103 reported change
from baseline in body weight. A summary of MTC results and direct pairwise meta-analyses is
shown in Table 5 (see Appendix 13 for detailed results and Appendix 21 for forest plots).
Similar to the MTC results for A1C and overall hypoglycemia, there was good alignment
between the direct pairwise and MTC estimates. Treatment with sulfonylureas, meglitinides,
TZDs, and biphasic insulin all resulted in a statistically significant increase in body weight
compared with metformin alone (range: 1.80-2.96 kg). There were no statistically significant
differences amongst these classes. The only drug class that was associated with a statistically
significantly reduction in body weight versus metformin alone was GLP-1 analogues (mean
difference [95% CI] = -1.79 kg [-3.43, -0.14]). Results of head-to-head comparisons
demonstrated significantly less weight gain with DPP-4 inhibitors, alpha-glucosidase
inhibitors, and GLP-1 analogues in comparison with TZDs, basal insulin (glargine),
sulfonylureas, and meglitinides. GLP-1 analogues and alpha-glucosidase inhibitors
demonstrated the highest probabilities of having the most favourable effects on body weight.
A meta-regression analysis to adjust for differences in baseline BMI, a sensitivity analysis with
removal of crossover studies, and a fixed-effects model all generated results that were
similar to the reference case analysis of body weight (see Appendix 25). Other planned
sensitivity analyses could not be conducted due to the lack of sufficient connectivity in the
network.
Two studies comparing orlistat54 and sibutramine86 against placebo reported statistically
significant reductions in body weight of -5.1 kg (95% CI: -6.86, -3.33) and -4.0 kg
(95% CI: -5.79, -2.21), respectively.
Four RCTs (N = 839) reported change in BMI from baseline.63,69,91,102 An MTC meta-analysis was
not conducted for this outcome, as there were was only evidence for three treatment
strategies. Pairwise meta-analysis demonstrated a non-statistically significant increase in BMI
for patients treated with TZDs in comparison with sulfonylureas (mean difference [95% CI] = Second-Line Therapy for Patients With Diabetes Inadequately Controlled on Metformin:
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0.11 kg/m2
[-0.47, 0.25]). In comparison with placebo, treatment with either TZDs (mean
difference [95% CI] = 3.1 kg/m2 [1.81, 4.39]) or sulfonylureas (mean difference [95% CI] = 0.46
kg/m2 [0.17, 0.75]) resulted in statistically significant increases in BMI; however, the
magnitude of the increase was much greater with TZDs. One RCT86 compared sibutramine
with placebo and reported a statistically significant reduction in BMI (mean difference = -1.9
kg/m2 [-2.49, -1.31]).
Table 5: Summary of Direct and MTC Meta-analyses: Results for A1C,
Overall Hypoglycemia, and Body Weight
Hemoglobin A1C (change from baseline, %)
Treatment versus
Direct estimates WMD
metformin monotherapy
(95% CI)
Sulfonylureas
-0.80 (-1.00, -0.59)
Meglitinides
-0.71 (-1.24, -0.18)
TZDs
-0.96 (-1.18, -0.75)
DPP-4 inhibitors
-0.78 (-0.96, -0.60)
alpha-glucosidase inhibitors
-0.74 (-0.94, -0.53)
GLP-1 analogues
-0.75 (-0.96, -0.53)
Basal insulin
——
Biphasic insulin
——
Overall hypoglycemia (OR)
Treatment versus
Direct estimates WMD
metformin monotherapy
(95% CI)
Sulfonylureas
4.64 (1.27, 16.97)
Meglitinides

6.59 (1.53, 28.29)

TZDs
1.56 (0.56, 4.33)
DPP-4 inhibitors
1.07 (0.59, 1.93)
alpha-glucosidase inhibitors
0.49 (0.04, 5.55)
GLP-1 analogues
1.00 (0.31, 3.20)
Basal insulin
——
Biphasic insulin
——
Body weight (change from baseline, kg)
Treatment versus
Direct estimates WMD
metformin monotherapy
(95% CI)
Sulfonylureas
1.79 (1.29, 2.28)
Meglitinides
2.01 (-0.31, 4.32)
TZDs
2.30 (1.93, 2.66)
DPP-4 inhibitors
0.70 (0.20, 1.21)
alpha-glucosidase inhibitors
-0.90 (-1.92, 0.13)
GLP-1 analogues
-1.58 (-3.53, 0.37)
Basal insulin
——
Biphasic insulin
——

MTC estimates
(95% CrI)
-0.79 (-0.95, -0.63)
-0.64 (-0.93, -0.37)
-0.82 (-1.00, -0.66)
-0.80 (-0.95, -0.65)
-0.74 (-0.98, -0.50)
-0.82 (-1.05, -0.59)
-0.82 (-1.16, -0.47)
-0.97 (-1.33, -0.61)
MTC estimates
median OR (95% CrI)
8.22 (4.52, 16.63)
8.59 (3.47, 25.20)
1.10 (0.54, 2.27)
1.05 (0.56, 2.21)
0.39 (0.01, 6.67)
1.12 (0.33, 3.90)
5.20 (1.48, 21.46)
11.01 (3.48, 40.43)
MTC estimates
(95% CrI)
2.01 (1.09, 2.94)
1.80 (0.35, 3.29)
2.59 (1.66, 3.51)
0.57 (-0.45, 1.60)
-0.92 (-2.35, 0.51)
-1.79 (-3.43, -0.14)
1.56 (-0.46, 3.63)
2.96 (0.96, 5.00)

A1C = glycosylated hemoglobnin; CI = confidence interval; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4;
GLP-1 = glucagon-like peptide-1; MD = mean difference; MTC = mixed treatment comparison; OR = odds ratio;
TZDs = thiazolidinediones; WMD = weighted mean difference.
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d)

Patient-reported outcomes

Patient-reported outcomes such as health-related quality of life and diabetes treatment
satisfaction were rarely reported in RCTs. Furthermore, there was a lack of consistency in
the tools used to measure changes in these outcomes, and in the presentation of results. One
RCT82 comparing TZDs with placebo reported no statistically significant differences in either
the physical or mental components of the SF-36 questionnaire. This study also reported no
difference in scores on the Diabetes Treatment Satisfaction Questionnaire (DTSQ). A threearm RCT106 comparing sulfonylurea (glimepiride), GLP-1 analogue (liraglutide), and metformin
alone reported statistically significant improvements in the “perceived frequency
hyperglycemia” sub-scores of the DTSQ favouring liraglutide over metformin alone and
glimepiride. No RCTs reported data related to diabetes-specific, health-related quality of life
or patient satisfaction with diabetes care.

e)

Long-term complications

Results for long-term complications are shown in Table 6. The majority of RCTs included in
this review were inadequately powered to detect statistically significant differences in the
occurrence of long-term complications of diabetes. In pairwise meta-analyses, no statistically
significant differences between treatments were observed for any of the following long-term
outcomes: congestive heart failure56,62,68,103 (N = 4,147), ischemic heart disease57,85,88,95,97,103
(N = 2,896), all-cause mortality55,65,68,69,73,74,81,85,88,95,97 (N = 9,108), neuropathy95 (N = 190),
peripheral vascular disease68 (N = 2,789), and stroke57,68 (N = 3,364).
The Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycaemia in Diabetes
(RECORD) trial was the only included RCT in which macrovascular complications were
specified as the primary outcome of interest.77 This large RCT involved patients inadequately
controlled on metformin (N = 2,228) or sulfonylurea (N = 2,230) monotherapy. Data were not
presented for the subgroup of subjects inadequately controlled on metformin monotherapy
for most outcomes. No events of macular edema were observed in either treatment arm
(N = 2,222).
Table 6: Summary of Findings for Long-Term Complications of Diabetes
Comparison
Ischemic heart disease
TZDs vs. sulfonylureas
Alpha-glucosidase inhibitors vs.
placebo
Meglitinides vs. sulfonylureas
DPP-4 inhibitors vs. sulfonylureas
DPP-4 inhibitors vs. placebo
DPP-4 inhibitors vs. TZDs
Congestive heart failure
TZDs vs. sulfonylureas
DPP-4 inhibitors vs. sulfonylureas
DPP-4 inhibitors vs. TZDs
Alpha-glucosidase inhibitors vs.
placebo
Macular edema
TZDs vs. sulfonylureas

No. of Trials/Total N

OR (95% CI)

1 RCT85 (N = 630)
1 RCT103 (N = 153)

2.97 (0.12, 73.22)
0.32 (0.01, 7.89)

1 RCT97
1 RCT88
1 RCT95
1 RCT57

= 213)
= 1,135)
= 190)
= 575)

5.56 (0.27, 100)
7.14 (0.37, 100)
3.10 (0.12, 76.97)
1.05 (0.07, 16.93)

1 RCT62 (N = 630)
1 RCT68 (N = 2,789)
1 RCT56 (N = 575)
1 RCT103 (N = 153)

2.49 (0.48, 12.94)
1.00 (0.14, 7.09)
No events
0.32 (0.01, 7.89)

1 RCT77 (N = 2,222)

No events

(N
(N
(N
(N
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Table 6: Summary of Findings for Long-Term Complications of Diabetes
Comparison
All-Cause Mortality
TZD vs. sulfonylureas
DPP-4 inhibitors vs. placebo
DPP-4 inhibitors vs. sulfonylureas
TZD vs. placebo
Alpha-glucosidase inhibitors vs.
Placebo
Meglitinides vs. sulfonylureas
BiAsp 30 vs. sulfonylureas
TZD vs. DPP-4 inhibitors
Neuropathy
DPP-4 inhibitors vs. placebo
Peripheral vascular disease
Sulfonylureas vs. DPP-4 inhibitors
Stroke/transient ischemic attack
Sulfonylureas vs. DPP-4 inhibitors
TZDs vs. DPP-4 inhibitors

No. of Trials/Total N
1 RCT85 (N = 630)
3 RCTs65,73,95 (N= 1,117)
2 RCTs68,88 (N = 3,924)
1 RCT69 (N = 223)
1 RCT74 (N = 152)

OR (95% CI)
0.20 (0.01, 4.10)
0.22 (0.02, 2.16)
0.59 (0.14, 2.50)
No events
No events

1 RCT97 (N = 213)
1 RCT81 (N = 222)
1 RCT55 (N = 2,627)

No events
3.20 (0.13, 79.29)
6.05 (0.25, 148.75)

1 RCT95 (N = 190)

2.00 (0.36, 11.19)

1 RCT68 (N = 2,789)

0.33 (0.01, 8.17)

1 RCT68 (N = 2,789)
1 RCT57 (N = 575)

0.07 (0.00, 1.16)
3.18 (0.33, 30.79)

BiAsp 30 = biphasic insulin aspart 30/70; CI = confidence interval; DPP-4 = dipeptidyl peptidase-4;GLP-1 = glucagon-like
peptide-1; OR = odds ratio; N = total sample size; RCT = randomized controlled trial; TZDs = thiazolidinediones; vs. = versus.

f)

Outcomes related to safety

Twenty-three RCTs (N = 11,933)55,57,58,60,61,63,65,68,69,72,73,78,82,83,88,91,92,94,95,97,101-103 were identified
that reported total severe adverse events. It should be noted that very few studies defined
which adverse events were classified as “severe.” Due to the heterogeneity associated with a
lack of clear definitions, and the relatively high proportion of treatment arms (18%) with no
events, an MTC meta-analysis was not performed for this outcome. Pairwise meta-analysis of
three RCTs55,57,101 (N = 3383) demonstrated a statistically significant increase in the number of
severe adverse events for patients treated with TZDs in comparison with DPP-4 inhibitors (OR
[95% CI] = 1.71 [1.06, 2.77]). No statistically significant differences were observed for the
other nine pairwise comparisons, although statistical power was very limited (see Appendix 27
for detailed results). There was no evidence available from the included RCTs regarding the
occurrence of pancreatitis, upper extremity fractures, or hyperosmolar hyperglycemic
nonketotic coma.

7

ECONOMIC ANALYSIS

7.1

Methods

7.1.1 Cost-effectiveness analysis
This cost-effectiveness analysis was conducted according to a protocol44 prepared a priori.
Any changes were documented in protocol addenda45 prepared prior to conducting the
affected analyses.
An incremental cost-utility analysis was performed that compared alternative second-line
therapies in adults with type 2 diabetes inadequately controlled with metformin
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monotherapy. The United Kingdom Prospective Diabetes Study (UKPDS) model was used to
forecast long-term diabetes-related complications, corresponding quality-adjusted life-years
(QALYs), and cost consequences. Clinical effect estimates (i.e., A1C, body weight) for the
UKPDS model were derived from the random-effects MTC meta-analysis reported in section 6.
Patient characteristics, costs and utility decrements were derived from published sources. A
detailed summary of model inputs and assumptions is presented in Appendix 33.
Modelling changes in treatment sequences over time is challenging with any model, including
the UKPDS Outcomes Model. There is uncertainty over which treatment patients will add on
or switch to after inadequate control on second-line therapy. When patients use multiple
treatments over time, it is difficult to assess whether benefits conferred are attributable to
the treatment of interest or to subsequent treatments. Due to these considerations, it was
assumed in the reference case that patients remained on their respective second-line therapy
over their expected lifetime, without adding or switching to subsequent agents. This
approach is not reflective of clinical practice given the progressive nature of diabetes;
however, it enabled CADTH to estimate costs and consequences which are solely attributable
to each second-line treatment. The effect of this assumption was tested on the results
through sensitivity analyses whereby patients were assumed to add on insulin as third-line
therapy after a pre-defined period.
Patients using insulin secretagogues (i.e., sulfonylureas and meglitinides) and insulin have an
increased risk of overall and severe hypoglycemia relative to those using other oral
antidiabetes drugs. However, the UKPDS Outcomes Model does not directly incorporate the
costs and consequences associated with hypoglycemia. Because hypoglycemia impacts healthrelated quality of life and, in some instances (e.g., severe hypoglycemia), may result in
health care resource use, it was necessary to capture any benefits conferred by second-line
drugs associated with a lower risk of hypoglycemia. To do so, two submodels were developed
that incorporated the increased risk of overall and severe hypoglycemia among patients using
insulin and insulin secretagogues. Additional details regarding the submodels are presented in
Appendix 34.

7.1.2 Price of treatments
Unit costs for drugs were obtained from the Ontario Public Drug Programs, when available.110
Otherwise, prices were obtained from other public drug programs in Canada.111-114 For the
reference case cost-effectiveness analysis, the price of the lowest cost alternative was
applied for each drug class (e.g., price of generic glyburide for sulfonylureas, generic
pioglitazone for TZDs), plus a 10% markup and $7.00 pharmacy fee per 90-day supply. Maximal
doses were assumed for metformin, and defined daily doses (DDD) specified by the World
Health Organization for second-line agents. Insulin doses were based upon a patient sample
from British Columbia (observational data). We also ran analyses using insulin doses reported
in RCTs.115-118
Patients using certain second-line antidiabetes drugs (e.g., insulin secretagogues and insulin)
typically use more blood glucose test strips than those using other agents. For the economic
analysis, average daily utilization of blood glucose test strips for each agent was derived from
a recent utilization study in Ontario.119 A cost of $0.72 per test strip was applied, plus a
pharmacy fee of $7.00 per 100 test strips. No markup was applied because test strips are not
eligible for markup in the Ontario Public Drug Programs.
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Table 7: Agents, Doses, and Costs Incorporated in the Reference Case Economic Analysis of
Second-Line Antidiabetes Therapies After Inadequate Control With Metformin Alone
Class

Metformin
Sulfonylurea

Meglitinides
TZD
DPP-4 inhibitors
Alpha-glucosidase
inhibitors

Agent/Class

Unit Dose

Cost Per
Unit

Apo-metformin
Apo-glyburide
Apo-gliclazide
Glimepiride
Repaglinide
Apo-pioglitazone
Rosiglitazone
Sitagliptin
Acarbose

500 mg
5 mg
80 mg
1 mg
2 mg
30 mg
2 mg
100 mg
100 mg

Basal human
insulin

Humulin N vial 10 mL,
100 units/mL — $20.00;
Humulin N cartridge 5
mL x 3 mL, 100 units/mL
— $39.88; 65:35
cartridge vial ratio

Long-acting
insulin analogue

Lantus vial 10 mL, 100
units/mL — $86.87;
Lantus cartridge 5 mL x 3
mL, 100 units/mL —
$86.87;
65:35 cartridge vial ratio

Biphasic human
insulin

Humulin 30/70 vial 10
mL,
100 units/mL —
$20.00;
Humulin 30/70 cartridge
5 mL x 3 mL, 100
units/mL— $39.26; 65:35
cartridge vial ratio
NovoMix 30 penfill
(cartridge) 5 mL x 3
mL, 100 units/mL —
$51.87

Basal insulin

Biphasic insulin

Biphasic insulin
analogue

$0.0965
$0.0683
$0.1863
$0.49
$0.3213
$2.2017
$1.4925
$2.55
$0.3584

Mean Daily
Dose
2g
10 mg
160 mg
2 mg
4 mg
30 mg
6 mg
100 mg
300 mg
0.75 U per
kg per day
(observational
data)
0.35 U per
kg per day
(RCTs)
0.53 U per
kg per day
(observational
data)
0.42 U per
kg per day
(RCTs)
1.50 U per
kg per day
(observational
data)
0.53 U per
kg per day
(RCTs)
1.20 U per
kg per day
(observational
data)
0.76 U per
kg per day
(RCTs)

Mean Test
Strip Use
Per Day
0.94

1.16

0.94

2.08

DPP-4 = dipeptidyl peptidase-4; RCT = randomized controlled trial; TZD = thiazolidinedione; U = units.

7.2

Results

7.2.1 Price of treatments
Older generation sulfonylureas (glyburide, gliclazide) have the lowest daily cost among active
treatments, even after the additional cost of blood glucose test strips is applied (Table 8).
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The daily cost of the newer sulfonylurea glimepiride is higher than older sulfonylureas, similar
in cost to meglitinides and alpha-glucosidase inhibitors, and less than newer oral agents (e.g,
TZDs and DPP-4 inhibitors) and insulins. Using insulin doses from clinical practice, the cost of
insulin NPH was similar to that of generic pioglitazone and lowest cost DPP-4 inhibitors.
Generic pioglitazone, DPP-4 inhibitors, and insulin NPH were less expensive than
rosiglitazone, long-acting insulin analogues, biphasic human insulin, or biphasic insulin
analogues (Table 7). However, when we applied insulin doses from RCTs, the cost of insulin
NPH decreased. Insulin NPH was more expensive than older oral drugs and less expensive than
newer oral agents and other insulins.
Table 8: Average Daily Cost of Treatments With and Without the Additional Cost
of Blood Glucose Test Strips, Stratified By Source of Insulin Dose
Treatment

Glyburide
Gliclazide
Glimepiride
Repaglinide
Acarbose
Insulin NPH
Pioglitazone¶
Rosiglitazone
Biphasic human insulin
DPP-4 inhibitors
Long-acting insulin
analogues
Biphasic insulin analogues

Insulin Dose From Canadian
Clinical Practice*
Daily
Daily
Treatment
Treatment
Cost Without
Cost With Test
Test Strips‡
Strips§
$0.23
$1.14
$0.49
$1.40
$0.62
$1.53
$0.78
$1.70
$1.26
$2.00
$1.95
$3.60
$2.50
$3.41
$5.00
$5.92
$3.81
$5.45
$2.88
$3.80
$3.04
$4.69
$4.34

$5.98

Insulin Dose from RCTs†
Daily Treatment
Cost Without
Test Strips
$0.23
$0.49
$0.62
$0.78
$1.26
$1.08
$2.50
$5.00
$1.88
$2.88
$2.04

Daily
Treatment
Cost With
Test Strips
$1.14
$1.40
$1.53
$1.70
$2.00
$2.72
$3.41
$5.92
$3.52
$3.80
$3.68

$1.88

$3.51

DPP-4 = dipeptidyl peptidase-4;RCT= randomized controlled trial.
* Insulin doses obtained from patient sample in British Columbia (Dr. Marshall Dahl, University of British Columbia: unpublished
data, 2008). This dataset reported insulin doses of 0.53, 0.75, 1.2, and 1.5 U/kg for long-acting insulin analogues, insulin NPH,
biphasic insulin analogues, and biphasic human insulin, respectively.
†
Insulin doses obtained from RCTs115-118 included in the systematic review,which reported insulin doses of 0.35, 0.42, 0.53, and
0.76 U/kg for long-acting insulin analogues, insulin NPH, biphasic insulin analogues, and biphasic human insulin, respectively.
‡
The cost of the lowest cost alternative was applied for each drug class, plus a 10% markup and $7.00 pharmacy fee per 90-day
supply. It was assumed that patients used the average defined daily dose from the World Health Organization for each
treatment.120
§
Patients using insulin were assumed to use 2.1 test strips per day while those using oral drugs in combination with sulfonylureas
used 1.16 test strips per day, based on data from the Ontario Drug Benefit Program.119
¶
Based on the cost of 30 mg generic pioglitazone in Saskatchewan,114 Alberta,111 and Non-Insured Health Benefits Program
(NIHB);121 In Ontario, generic pioglitazone costs less ($1.57) under the Ministry's Exceptional Access Program.110

The clinical benefits from the systematic review, when analyzed using the UKPDS Outcomes
Model, translated into small differences (absolute ≤ 1%) in 40-year cumulative incidence rates
between active comparators (Table 9). However, the absolute risk differences increased when
compared with metformin monotherapy, particularly for myocardial infarction, stroke,
amputation, and blindness.
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Table 9: Cumulative Incidence of Long-Term Diabetes-Related Complications
Over a 40-Year Period, Reference Case Analysis
IHD
MI
CHF
Stroke
Amputation
Blindness
Renal
Failure

Met
11.2%

SU
10.8%

Meg
11.0%

TZDs
10.7%

DPP-4
10.8%

AGI
10.9%

BasI
10.8%

BipI
10.9%

28.1%
11.2%
12.4%
6.8%
6.6%
3.2%

27.3%
11.2%
12.0%
5.9%
6.0%
3.3%

27.5%
11.3%
12.1%
6.2%
6.2%
3.3%

27.2%
11.1%*
12.1%
5.8%
5.9%
3.2%

27.3%
10.8%
12.0%
5.9%
6.2%
3.3%

27.3%
10.3%
11.9%
6.0%
6.1%
3.2%

27.3%
11.2%
12.1%
5.7%
6.0%
3.4%

27.5%
11.3%
12.1%
5.7%
6.1%
3.2%

AGI = alpha-glucosidase inhibitors; BasI = basal insulin; BipI = biphasic insulin; CHF = congestive heart failure; DPP-4 = dipeptidyl
peptidase-4; IHD = ischemic heart disease; Meg = meglitinides; Met = metformin; MI = myocardial infarction; SU = sulfonylurea;
TZDs = thiazolidinediones.
*The reference case assumes that TZDs are not associated with an increased risk of CHF despite evidence from the RECORD trial.
We explore the impact of this assumption through sensitivity analysis (see Table 12).

Total lifetime costs and QALYs, as well as incremental cost-effectiveness results from the
reference case analysis, are presented in Table 10. The price of the lowest cost alternative
was applied for each drug class. It was assumed that patients used the average DDD from the
World Health Organization for each treatment. The doses for insulin products was obtained
from a patient sample in British Columbia.122 Among active treatments, sulfonylureas were
associated with the lowest total lifetime costs ($40,669), while use of biphasic insulin
incurred the highest lifetime costs ($52,367). There were very small differences in QALYs
gained between active treatments (Range: 8.7682 with meglitinides to 8.7807 in TZDs). As
such, cost-effectiveness estimates were largely driven by the difference in prices across
treatments. Sulfonylureas were associated with the most favourable cost-effectiveness
estimate, with an incremental cost of $12,757 per QALY gained relative to metformin
monotherapy. Other active treatments were associated with unfavourable cost-effectiveness
estimates (i.e., they were dominated or demonstrated very high ICURs) when compared with
the next least costly treatment.
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Table 10: Total Lifetime Costs, Quality-Adjusted Life-Years, and Incremental
Cost-Effectiveness Results From the Reference Case Analysis
Treatment

Metformin
Sulfonylurea
Meglitinides
Alphaglucosidase
inhibitors
TZD
DPP-4
inhibitors
Basal insulin
Biphasic insulin

Average Costs
Incurred Over
Lifetime
$39,924
$40,669
$42,269
$42,797

Average
QALYs Gained
Over Lifetime
8.7194
8.7777
8.7682
8.7800

Incremental Cost-Effectiveness Results

$46,202

8.7807

$47,191

8.7795

$4,621,828 per QALY (relative to alphaglucosidase inhibitors)
DPP-4 inhibitors dominated by TZD

$47,348
$52,367

8.7686
8.7761

Basal insulin dominated by TZD
Biphasic insulin dominated by TZD

N/A
$12,757 per QALY (relative to metformin)
Meglitinides dominated by sulfonylureas
$939,479 per QALY (relative to sulfonylureas)

DPP-4 = dipeptidyl peptidase-4; N/A = not applicable; QALYs = quality-adjusted life-years; TZD = thiazolidinedione.

Net-benefit, rank, and mean rank across a range of willingness-to-pay thresholds are
presented in Table 11. Sulfonylureas demonstrated the highest net benefit among active
treatments and the lowest mean rank across all willingness-to-pay thresholds considered. The
cost-effectiveness acceptability curve (Figure 3) shows that sulfonylureas had the highest
probability of being most cost-effective beyond willingness-to-pay thresholds of ~$12,000 per
QALY.
Table 11: Net-Benefit, Rank, and Mean Rank for Reference-Case Analysis
Across a Range of Willingness-to-Pay Thresholds
Treatment

Metformin
Sulfonylureas
Meglitinides
AGI
TZD
DPP-4
inhibitors
Basal insulin
Biphasic
insulin

Net Monetary Benefit At:
20K per
50K
100K
QALY
per
per
QALY
QALY
$134,463 $396,045 $832,014
$134,886 $398,218 $837,106
$133,096 $396,143 $834,555
$132,803 $396,204 $835,204
$129,412 $392,835 $831,872
$128,398 $391,782 $830,755
$128,024
$123,156

$391,082
$386,440

$829,513
$825,246

Rank At:
20K
50K
per
per
QALY
QALY
2
4
1
1
3
3
4
2
5
5
6
6
7
8

7
8

100K
per
QALY
4
1
3
2
5
6
7
8

Mean Rank At:
20K
50K
per
per
QALY QALY
1.90
3.13
1.10
1.01
3.12
2.96
3.88
2.90
5.00
5.04
6.00
6.07
7.00
8.00

6.89
8.00

100K
per
QALY
4.65
1.11
2.73
2.07
4.72
5.75
6.74
8.00

AGI = alpha-glucosidase inhibitor; DPP-4 = dipeptidyl peptidase-4; K = thousand; QALY = quality-adjusted life-year; TZDs =
thiazolidinediones.
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Figure 3: Cost-Effectiveness Acceptability Curve for the Reference Case Analysis
100%

% of simulations where strategy is most cost-effective

90%

SU

80%
70%
60%
50%

MET
40%
30%
20%

AGI

10%

Meg

0%
0

25,000

50,000

75,000

100,000

125,000

150,000

Ceiling ratio: Willingness-to-pay per QALY (CAD$)

AGI= alpha-glucosidase inhibitor; CAD = Canadian; QALY = quality-adjusted life-year; SU = sulfonylurea; Meg = meglitinides; MET=
metformin.

Results were robust to changes in clinical effect estimates, time to insulin initiation, price of
treatments, dose of treatments, time horizon, discount rates, use of test strips, impact of
hypoglycemia on HRQoL, event rates of hypoglycemia (overall and severe), inclusion of
adverse events, and resource use and HRQoL impact of diabetes-related complications (Table
12). In all instances, sulfonylureas were the most cost-effective strategy if decision-makers
were willing to pay $50,000 per QALY gained. More detailed results from sensitivity analyses
are presented in Appendix 35.

Table 12: Summary of Results From Sensitivity Analyses*
Analysis

Met

SU

Meg

AGI

TZD

DPP-4

BasI

BipI

Reference Case

4

1

3

2

5

6

7

8

Effect estimates from direct pairwise metaanalyses (rather than MTC meta-analysis)

4

1

2

3

5

6

7

8

Effect estimates from moderate to high
dose nodes in dose-stratified MTC metaanalysis (rather than class-level MTC)

3

1

4

2

5

6

7

8

Effect estimates from titrated nodes in
dose-stratified MTC meta-analysis (rather
than class-level MTC)

4

1

2

3

5

6

7

8

Gliclazide price and gliclazide-effect
estimates from agent-level MTC metaanalysis applied in SU arm (rather than
glyburide price and class-level SU effects)

4

1

3

2

5

6

7

8
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Table 12: Summary of Results From Sensitivity Analyses*
Analysis

Met

SU

Meg

AGI

TZD

DPP-4

BasI

BipI

Glimepiride price and glimepiride effectestimates from agent-level MTC metaanalysis applied in SU arm (rather than
glyburide price and class-level SU effects)

4

1

3

2

5

6

7

8

Glyburide price and glyburide effectestimates from agent-level MTC metaanalysis applied in SU arm (rather than
class-level SU effects)

4

1

3

2

5

6

7

8

All patients in model assumed to add-on
insulin when A1C ≥ 9% (rather than stay on
same therapy over lifetime)

6

1

2

3

4

7

5

8

Price of most-expensive agent within class
applied (rather than lowest cost alternative)

4

1

3

4

7

5

6

8

Management cost for all long-term diabetesrelated complications increased by 25%

4

1

3

2

5

6

7

8

Gliclazide price and class-effect estimates
applied in SU arm (rather than glyburide
price)

4

1

3

2

5

6

7

8

Glimepiride price and class-effect estimates
applied in SU arm (rather than glyburide
price)

4

1

3

2

5

6

7

8

Price of blood glucose test strips reduced
by 50%

4

1

2

3

5

7

6

8

Price/dose of insulin products reduced
by 10%

4

1

3

2

5

6

7

8

Insulin dose for basal human insulin and
biphasic human insulin from RCTs115-118
(rather than doses from BC dataset (Dr.

4

1

3

2

6

8

5

7

No test strip use among non-users of insulin
or insulin secretagogues

3

1

4

2

5

6

7

8

Assume improvement in HRQoL resulting
from weight loss (NICE obesity guidelines123
and Macran 2004124)

3

1

4

6

5

2

7

8

Disutilities for diabetes-related
complications obtained from group of
patients with type 2 diabetes125 (rather than
general population126)

4

1

3

2

5

6

7

8

Larger decrement in HRQoL associated with
severe hypoglycemia (from Currie et al.127
rather than NICE15)

3

1

4

2

5

6

7

8

Larger decrement in HRQoL associated with
mild to moderate hypoglycemia (from Levy
et al.128 rather than CADTH IA Report)

3

1

4

5

6

2

7

8

Higher baseline rate of mild to moderate
hypoglycemia (Ferrannini et al.68 rather

4

1

3

2

5

6

7

8

Marshall Dahl, University of British Columbia:
unpublished data, 2008))
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Table 12: Summary of Results From Sensitivity Analyses*
Analysis

Met

SU

Meg

AGI

TZD

DPP-4

BasI

BipI

Event rates for severe hypoglycemia derived
from another large observational study
(Bodmer et al.108 rather than Leese et al129)

3

1

2

5

4

6

7

8

No HRQoL decrement for fear of severe
hypoglycemia (-0.00150274130 rather than
decrement of -0.0115)

4

1

3

2

5

6

7

8

Increased risk of CHF and fractures in
patients using TZDs (estimates from RECORD
trial77 )

4

1

3

2

8

5

6

7

Model incorporates reduced HRQoL
associated with increased gastrointestinal
symptoms among patients using AGI92,126,131

3

1

2

5

4

6

7

8

Discount rate of 0% (rather than 5%)

4

1

3

2

5

6

7

8

Discount rate of 3% (rather than 5%)

4

1

3

2

5

6

7

8

Time horizon of 10 years (rather than
40 years)

2

1

3

4

5

6

7

8

Time horizon of 25 years (rather than
40 years)

2

1

3

4

5

6

7

8

77

than RECORD trial )

A1C = glycosylated hemoglobin; AGI = alpha glucosidase inhibitor; BasI = basal insulin; BC = British Columbia; BipI = biphasic
insulin; CHF = congestive heart failure; DP-4 = dipeptidyl peptidase-4; HRQoL = health-related quality of life; IA = insulin
analogue; Meg = meglitinides; Met = metformin; MTC = mixed treatment comparison; NICE = National Institute for Health and
Clinical Excellence; OADs = oral antidiabetes drugs; QALY = quality-adjusted life-year; RCT = randomized controlled trial; SU =
sulfonylurea; TZD = thiazolidinedione.
*The treatment strategy with the highest net-benefit (i.e., most cost-effective) at a willingness-to-pay threshold of $50,000 per
QALY is assigned a value of one. The treatment strategy with the lowest net-benefit (i.e., least cost-effective) at willingness-topay threshold of $50,000 per QALY is assigned a value of eight.

8

GRADE EVIDENCE PROFILES

Based on the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach to rating quality of evidence for each outcome of interest,132 evidence quality
ranged from “low” to “very low’ for all outcomes assessed in this review (Table 13).
The
primary reasons for these ratings were methodological limitations (e.g., unclear allocation
concealment, non–intention-to-treat analysis), imprecision of estimates, and indirectness.
The population of interest in this review consisted of patients who were inadequately
controlled with first-line metformin monotherapy and required a second-line drug. However,
the study populations in most included trials consisted of patients who had received various
antidiabetes drugs prior to use of metformin monotherapy. The evidence was therefore
considered indirect across all outcomes as the applicability of study results to the population
of interest may be somewhat limited. A1C is a surrogate outcome for clinically relevant
complications of diabetes; hence, it received an additional deduction for indirectness.
Evidence quality for long-term complications was reduced given that these events were very
rarely reported and few trials were adequately powered to detect meaningful differences.
Publication bias could not be formally assessed in this review due to a limited number of RCTs
for each pairwise comparison.
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Table 13: Summary of Quality of Evidence in GRADE Profiles
Outcomes
Hemoglobin A1C
Hypoglycemia

Body weight
Body mass index
Patient-reported
outcomes

Long-term
complications

Other

Overall
Severe
Nocturnal

HRQoL generic
HRQoL DM-specific
Patient satisfaction with DM tx
Patient satisfaction with DM care
Congestive heart failure
Ischemic heart disease
Stroke/transient ischemic attack
Peripheral vascular disease
Retinopathy
Nephropathy
Neuropathy
All-Cause Mortality
HHNC
Severe adverse events
Pancreatitis
Macular edema
Upper extremity fractures

Overall Quality of Evidence
Very low
Very low
Low to very low
Low to very low
Very low
Low to very low
Very low
No evidence
Very low
No evidence
Low to very low
Low to very low
Very low
Very low
No evidence
No evidence
Very low
Low to very low
No evidence
Low to very low
No evidence
Very low
No evidence

DM = diabetes; GRADE = Grading of Recommendations Assessment, Development and Evaluation; HHNC = hyperosmolar
hyperglycemic nonketotic coma; HRQoL = health-related quality of life; mellitus; tx = treatment.

9

DISCUSSION

9.1

Summary of Main Findings

a)

Summary of clinical findings

In this systematic review, 49 RCTs52-107 were identified that reported the effects of eight
classes of second-line therapies added to metformin in adults with type 2 diabetes
inadequately controlled on metformin monotherapy. Whenever possible, MTC meta-analyses
were conducted to facilitate a unified approach to comparing across classes that incorporated
both direct and indirect evidence.
There was insufficient evidence regarding comparative efficacy of clinically important longterm complications of diabetes or mortality. All studies that did report diabetes-related
complications, including the largest study,77 found no statistically significant differences
between any of the drug classes compared. Regarding glycemic control, MTC meta-analyses
demonstrated that each of the eight drug classes resulted in statistically significant
reductions in A1C relative to placebo; however, no statistically significant differences were
found between any of the active treatments. Sulfonylureas, meglitinides, TZDs, and biphasic
insulin were all associated with statistically significant increases in body weight relative to
placebo. DPP-4 inhibitors and alpha-glucosidase inhibitors were found to be weight-neutral,
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and GLP-1 analogues were associated with statistically significant reduced body weight. Both
the insulins and insulin secretagogues demonstrated a statistically significant increase in
overall hypoglycemia relative to placebo, whereas the TZDs, DPP-4 inhibitors, GLP-1
analogues, and alpha-glucosidase inhibitors did not. Events of severe hypoglycemia were very
rare for all drug classes, including the insulins and insulin secretagogues.

b)

Summary of economic findings

The prices of older oral antidiabetes drugs (e.g., sulfonylureas, meglitinides, alphaglucosidase inhibitors) were found to be much lower than newer classes of drugs (e.g., TZDs,
DPP4-inhibitors) and insulins (basal insulin, biphasic, or mixed insulin), even after
consideration of the additional cost associated with increased use of test strips among
patients using insulin and insulin secretagogues. The CADTH cost-effectiveness analysis, based
on the results of the MTC meta-analysis, indicated that sulfonylureas were the most costeffective second-line therapy in patients inadequately controlled on metformin monotherapy,
despite higher rates of overall and severe hypoglycemia relative to other oral antidiabetes
drugs. Favourable cost-effectiveness results for sulfonylureas are attributable to:
 low price relative to other classes of drugs, especially newer agents and insulin
 minimal differences in glycemic control between active drug classes
 low absolute risk of severe hypoglycemia requiring health care resource use in patients
using sulfonylureas.
A multitude of sensitivity analyses were performed to examine robustness of results to
variation in model inputs and assumptions. In all instances, sulfonylureas were the most costeffective strategy, a result that was largely driven by the very low cost of these agents
relative to other agents.

9.2

Strengths and Weaknesses of Review

This systematic review was conducted according to a protocol specified in advance, using
standard approaches for identification of evidence, data abstraction, quality assessment, and
analysis.44 Unlike previous systematic reviews of therapies for type 2 diabetes,133-135 this
review included every drug class available for the treatment of type 2 diabetes after
inadequate control with metformin alone. There were serious methodological limitations of
the only previous review that has attempted to specifically address comparative efficacy
after inadequate control with metformin.4 In addition, previous reviews and meta-analyses
have conducted pairwise comparisons rather than MTC meta-analyses to estimate the relative
efficacy of active treatments. By conducting an MTC meta-analysis, both direct and indirect
estimates of effect are captured and results are reported in a manner that is practical for
health care professionals and decision-makers. Results from MTC meta-analyses were highly
consistent with those from direct pairwise comparisons across all outcomes, a finding that
further validates the analysis. A large number of sensitivity analyses and meta-regression
analyses were reported to explore methodological heterogeneity. The consistency of these
results, with the reference case analysis, demonstrate the robustness of the CADTH findings.
The cost-effectiveness analysis was conducted using the well-validated UKPDS Outcomes
Model.136 The ability of the UKPDS Outcomes Model to forecast long-term diabetes-related
complications in patients with type 2 diabetes has been validated against published clinical
and epidemiological studies. Cost-effectiveness results were found to be robust to variations
in numerous model inputs and assumptions through detailed sensitivity analyses.
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Despite the aforementioned strengths, limitations related to the available evidence warrant
discussion. First, the population of interest for the systematic review consisted of patients
inadequately controlled with first-line metformin monotherapy who required a second-line
agent. However, most identified trials included patients who might have received various
antidiabetes agents prior to the use of metformin monotherapy. The relative treatment
effects we report are likely transferable to patients treated with initial metformin
monotherapy, as the reference case results were robust to adjustment (through metaregression) for differences across studies in duration of diabetes and baseline A1C. These are
likely more important predictors of efficacy than treatment history per se.
Second, there was relatively little evidence for the effect of second-line agents on long-term
diabetes-related complications. Hemoglobin A1C, a surrogate outcome, was the primary
outcome reported in the majority of included RCTs. The validity of surrogate outcomes,
particularly A1C, in forecasting cardiovascular end points in patients with type 2 diabetes has
been debated.137,138
Third, inclusion of insulin in the MTC meta-analysis may be viewed with scepticism as it is not
commonly considered in clinical practice as second-line therapy after metformin, and
because trials of insulin may have enrolled patients with more advanced or severe disease
than trials of oral agents. However, we believed it important to quantify the effects of insulin
relative to other antihyperglycemic agents so that patients and clinicians can make informed
choices regarding all available treatment options. Furthermore, scrutiny of subject
characteristics revealed no major differences between insulin trials and trials of other agents.
Meta-regression analyses to adjust for differences in baseline A1C and duration of diabetes
produced results that were similar to the reference case; therefore, any differences in these
parameters between insulin and non-insulin studies were of little consequence.
Fourth, we did not assess non-serious adverse effects that can impact the tolerability of
antihyperglycemic agents. For example, acarbose is commonly associated with
gastrointestinal adverse effects that may limit its usefulness.92
Certain limitations of the cost-effectiveness study are also noteworthy. The costeffectiveness analysis is limited by the strength of the available clinical evidence. A majority
of RCTs were assessed as being of “poor” methodological quality and were less than one year
in duration. Longer, high-quality studies are required to evaluate the comparative efficacy of
second-line agents over the long term in terms of clinically relevant end points. Because of
the paucity of data on long-term outcomes, surrogate end points (e.g., A1C) were used to
forecast the occurrence of long-term diabetes- related complications. The validity of
surrogate outcomes, particularly A1C, in forecasting cardiovascular end points in patients
with type 2 diabetes has been debated.137,138 Moreover, the UKPDS Outcomes Model is based
upon data from patients who used older classes of drugs (e.g, metformin, sulfonylureas,
insulin). It is unclear whether or not equations derived from patients using older classes of
drugs can be applied across newer classes of drugs (e.g., TZDs, DPP-4 inhibitors). One may
therefore be more comfortable with estimates of long-term, diabetes-related complications
for insulins than for estimates of diabetes-related complications in newer, less established
agents.
The UKPDS model does not explicitly incorporate a number of morbidities (e.g., peripheral
neuropathy, ulceration) related to diabetes.136 Furthermore, some complications are
represented as a single end point (e.g., blindness, end-stage renal disease) in the model
rather than intermediate states (e.g., retinopathy, nephropathy) that may themselves be
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associated with reduced health-related quality of life. Use of the UKPDS model may result in
slight overestimation of incremental cost effectiveness ratios, as a reduced incidence of these
outcomes and the resulting benefits for health-related quality of life and reduced treatment
costs are not captured. However, the impact of this factor on cost-effectiveness estimates is
likely modest, as the CADTH meta-analysis reported modest differences between active
comparators in terms of glycemic control.
Modelling changes in treatment sequences over time is challenging with any model, including
the UKPDS Outcomes Model.136 There is uncertainty over which treatment patients will add on
or switch to after inadequate control on second-line therapy. Furthermore, when patients use
multiple treatments over time, it is difficult to assess whether benefits conferred are
attributable to the treatment of interest or to subsequent treatments. Because of these
considerations, it was assumed in the primary economic analysis that patients remained on
their respective second-line therapy over their expected lifetime, without adding or switching
to subsequent agents. This approach is not reflective of clinical practice given the progressive
nature of diabetes; nevertheless, the effect of this assumption was tested through sensitivity
analyses, whereby patients were assumed to either add on insulin as third-line therapy after a
pre-defined period (A1C ≥ 9.0%). However, to conduct these sensitivity analyses within the
UKPDS model, the weight and hypoglycemia inputs had to be front-loaded (i.e., applied in
year 1) because, unlike A1C, these parameters could not be modified over time. Results from
these sensitivity analyses should therefore be interpreted with caution as some elements of
the results are not discounted appropriately. In future, if the UKPDS Outcomes Model is
updated to enable more seamless integration of changes in treatment sequences over time,
reanalysis of these sensitivity analyses may be warranted.
Modelling the increased risk of congestive heart failure in the UKPDS model is challenging as
there is no risk multiplier. The risk of congestive heart failure was therefore applied in a
sensitivity analysis whereby the risk was artificially increased among patients using TZDs by
increasing the body weight by 30 kg among this patient population. However, the impact of
this approach should be minimal; congestive heart failure is the only submodel in the UKPDS
Outcomes Model that is influenced by BMI and therefore the only outcome that is affected by
increased BMI.136
There is uncertainty regarding the disutility associated with insulin use,139-141 weight gain,
123,124
and hypoglycemia.142 Further research is needed that explores the impact of insulin use,
weight gain, and hypoglycemia. In the absence of good data for these inputs, conservative
estimates were used for the base case. Finally, the primary analysis does not include the
potential risks of newer agents such as DPP-4 inhibitors which have largely unknown safety
profiles due to limited clinical experience. The cost-effectiveness results for newer agents
presented here may therefore prove to be optimistic should serious side effects be identified
in the future.

9.3

Generalizability of Findings

The results of the CADTH MTC meta-analyses for A1C, hypoglycemia, and body weight are
consistent with previous systematic reviews and meta-analyses that have assessed the
comparative efficacy of antidiabetes drugs without a restricted focus on the second-line
setting.133,134,143,144 Also consistent with other systematic reviews on oral antidiabetes
drugs,133,145 a lack of conclusive evidence data was encountered regarding long-term,
diabetes-related complications. CADTH results are similar to those of Monami et al. (2008),4
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who also evaluated comparative efficacy after inadequate control with metformin
monotherapy. In particular, both reviews found that treatment with insulin does not result in
a greater reduction in A1C over other agents.
The available RCTs typically included patients with various treatment histories such that
metformin monotherapy was not usually first-line therapy for most subjects. Two possible
limitations arise from this aspect of the available evidence:
 Heterogeneity in treatment histories across studies may reduce the internal validity of
MTC meta-analysis, since a high degree of trial similarity is required when conducting
indirect comparisons.
 The applicability of findings to clinical practice may be compromised, as the population of
interest consists of patients inadequately controlled with first-line metformin
monotherapy.
Regarding the internal validity of the MTC meta-analysis, subject characteristics such as
baseline A1C, duration of diabetes, and age were found to be quite similar across studies.
The stability of MTC results when differences in the first two parameters were adjusted for
through meta-regression, and the remarkable consistency between direct pairwise and MTC
estimates, both attest to the validity of the MTC analysis. The consequences for external
validity, if any, are more difficult to assess. It is conceivable that patients inadequately
controlled after first-line metformin monotherapy have a shorter duration of diabetes than
those enrolled in trials (mean diabetes duration was about 10 years); hence, drug efficacy
may differ.
Insulins are infrequently used as a therapeutic option for patients with type 2 diabetes
inadequately controlled on metformin alone, and are reserved instead for more advanced
disease that is resistant to a number of oral agents. Nevertheless, CADTH included them in its
analysis, as various guidelines, including those from the Canadian Diabetes Association,1 cite
insulin therapy as a possible option if normoglycemia is not achieved with metformin alone.
The possibility that the insulin trials differed from trials of other agents in terms of the
subjects enrolled was considered, particularly with respect to the extent of disease
progression. Comparison of subject characteristics such as baseline A1C and duration of
diabetes revealed a high degree of similarity; inclusion of insulin trials in the MTC metaanalysis was deemed appropriate. There was close alignment between the direct and indirect
estimates involving insulins.
Within the limitations of modelling long-term outcomes using surrogate indicators, the results
of CADTH’s cost effectiveness analysis are generalizable to patients with type 2 diabetes in
Canada. This reasoning is based on the use of Canadian cost data, Canadian data on
utilization (such as of blood glucose test strips) and clinical characteristics of patients with
diabetes, and validation of inputs by Canadian diabetes experts. One of the assumptions in
CADTH’s reference case cost-effectiveness analysis was that patients were assumed to remain
on second-line therapy over the duration of their lives. Although such a strategy was required
in order to ascribe the cost-effectiveness results to the second-line therapies in question, it is
acknowledged that it does not reflect clinical practice whereby patients require changes in
treatment regimen over time due to disease progression. Sensitivity analyses were performed
in which the time horizon was varied and changed in treatment regimen over time. These
results were similar to the reference case; hence, the assumption of static drug therapy over
a lifetime does not limit the applicability of our results to clinical practice.
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Long-term studies such as the UKPDS have convincingly demonstrated a progressive timedependant increase in the A1C levels of patients with type 2 diabetes.8,146 This gradual loss of
glycemic control is primarily attributable to a corresponding decrease in pancreatic beta-cell
function. There is speculation that newer agents such as the incretins (i.e., DPP-4 inhibitors
and GLP-1 analogues) and TZDs can offer the benefit of prolonged glycemic control by slowing
the decline of beta-cell function; however, the evidence is limited and inconclusive. A recent
systematic-review of DPP-4 inhibitors reported that no definite conclusions can be made
regarding their effects on beta-cell function.143 In contrast, A Diabetes Outcome Progression
Trial (ADOPT) reported a statistically significant difference in the number of patients
experiencing monotherapy failure favouring TZDs over sulfonylureas and metformin.147 The
progressive nature of type 2 diabetes means that many patients will eventually require insulin
therapy to maintain glycemic control. In this context, oral agents that are capable of longer
periods of sustained glycemic control could delay the onset of insulin initiation, which may be
desirable for some patients and could result in cost savings due to the expense of insulin
therapy. Further long-terms studies are needed that explore differences in glycemic
durability between agents over time, especially for the newer more expensive oral
antidiabetes drugs.
Outcomes of interest for this review were determined a priori based on a systematic
assessment by an expert review committee. Several outcomes such as fasting blood glucose,
post-prandial blood glucose, and systolic blood pressure were excluded in this process. The
primary reasons for excluding the additional glycemic control parameters were inconsistent
methods of reporting and assessing (e.g., laboratory versus patient measured). Systolic blood
pressure is an outcome that is rarely reported in clinical trials for diabetes and, therefore, is
not particularly useful in assessing relative efficacy across the nine different classes of
available agents. Nevertheless, the exclusion of these outcomes should be noted as a
limitation of this systematic review.

9.4

Knowledge Gaps

Similar to Bolen et al. (2007)133 and Selvin et al. (2008),145 a general lack of evidence was
encountered regarding the effect of second-line antidiabetes drugs on clinically important,
long-term complications of diabetes (e.g., blindness, myocardial infarctions, end-stage renal
disease). The length of follow-up in the majority of included studies was less than one year,
and only a single study (comparing a sulfonylurea with a TZD) was adequately powered to
detect differences in long-term complications.77 Similarly, data on severe hypoglycemia
requiring health care utilization were sparse. Longer-term studies of adequate duration are
needed to establish if any of the available second-line agents demonstrate clinically
significant advantages for preventing long-term, diabetes-related complications or severe
hypoglycemia. Possible differences in quality of life between agents also require more
rigourous study given the sparse reporting of this outcome and inconsistencies in the
instruments used. Any effects on quality of life of hypoglycemia are of particular relevance
given the increase in hypoglycemia risk associated with sulfonylureas. Finally, possible
benefits of a particular class regarding delay in the onset of insulin initiation may be a
desirable outcome because of the high costs of insulin and poor acceptance by some patients.
No evidence was found regarding the relative durability of effect of second-line medications.
Each class of antidiabetes therapy is associated with risks that partially offset its benefits.
Among the older agents, the insulins and insulin secretagogues carry an increased risk of
hypoglycemia and weight gain. TZDs have been shown to increase the risk of congestive heart
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failure, fractures, and weight gain.77,147-152 The long-term safety profile of newer agents (e.g.,
DPP-4 inhibitors and GLP-1 analogues) is still largely unknown because of a lack of clinical
experience in their use. In particular, the association between pancreatitis and incretin
agents (i.e., DPP-4 inhibitors and GLP-1 analogues) requires further study in light of postmarket reports of acute pancreatitis in patients treated with sitagliptin, and conflicting
evidence from other sources.153-155
There was no evidence regarding the comparative efficacy of second-line agents in children
with type 2 diabetes or the following subgroups of interest: First Nations people, ethnic
minorities, ≥ 65 years of age, or seniors ≥ 75 years of age. There was also no evidence for
patients requiring a switch to second-line therapy due to metformin intolerance or
contraindication. Studies in First Nations and the elderly are especially pertinent given the
high prevalence of diabetes in these populations.

10 CONCLUSION
In this systematic review and MTC meta-analysis of all available RCT evidence related to the
second-line use of antidiabetes therapies after inadequate control with metformin
monotherapy, all drug classes added to metformin achieved statistically signficant reductions
in A1C. No statistically significant differences were observed between classes. Events of
severe hypoglycemia were very rare for all agents; however, the insulins and insulin
secretagogues were associated with a statistically significant increase in overall hypoglycemia
relative to the other classes. Increased body weight was observed with the majority of
second-line therapies, the exceptions being DPP-4 inhibitors, alpha-glucosidase inhibitors, and
GLP-1 analogues. Further studies of adequate size and duration are required to assess
comparative efficacy of long-term complications of diabetes, quality of life, and initiation of
insulin.
Sulfonylureas were associated with the most favourable cost-effectiveness results. This
finding was primarily driven by the low cost of sulfonylureas relative to other drugs, marginal
differences in glycemic control and long-term complications between sulfonylureas and other
agents, and the low absolute risk of severe hypoglycemic episodes requiring health care
resource use.
Given the increasing prevalence of type 2 diabetes, the optimal use of antidiabetes therapies
is of paramount importance. Although individualization of therapy is required for all patients,
the addition of a sulfonylurea to metformin is as similarly efficacious as the addition of other
antidiabetes drugs, and represents the most cost-effective use of health care resources.
Widespread use of newer, more expensive antidiabetes drugs or insulin as second-line therapy
in patients with type 2 diabetes would result in significant expenditure of funds without
significant improvements in patient health. These funds could otherwise be used for more
cost-effective interventions for the treatment of type 2 diabetes.
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11 GLOSSARY
A1C: A glycosylated form of hemoglobin, formed by the attachment of sugars to the
hemoglobin molecule when glucose levels are elevated. A1C levels increase with the average
concentration of glucose in the blood.
Bayesian analysis: A statistical analysis conducted according to Bayesian principles. It
involves incorporation of existing information regarding the likelihood of an event (i.e.,
“priors”) to estimate the likelihood based on additional information (i.e., “posteriors”).
Closed network: A type of network in which all elements are connected to one another.
Coherence: Presence of agreement between direct and indirect evidence. Coherence can be
assessed by informally comparing estimated effects from the direct pairwise, head-to-head
evidence and MTC evidence or by using available statistical techniques.
Confidence interval: The interval in which a population parameter lies, based on a random
sample of the population. The most commonly reported confidence interval is the 95%
confidence interval.
Congestive heart failure: A condition in which abnormal cardiac structure or function is
responsible for the inability of the heart to fill with or eject blood at a rate to meet the
requirements of the metabolizing tissues.
Convergence: The approach toward a fixed or equilibrium value. In WinBUGS, we can assess
whether the estimates have converged using a variety of diagnostic tests (e.g., Gelman-Rubin
diagnostic, examining Monte Carlo error, trace plots).
Cost-effectiveness acceptability curve: A graphical approach to conveying uncertainty of
cost-effectiveness results. A cost-effectiveness acceptability curve presents the probability
that a particular intervention is most cost-effective (e.g., highest net-monetary benefit)
relative to all other treatments, across a range of decision-makers’ willingness-to-pay
thresholds.
Cost-utility analysis: A form of economic analysis that is widely used in pharmacoeconomics
and health technology assessment.The purpose of cost-utility analysis is to estimate the ratio
between the cost of a health technology and the benefit it produces in quality-adjusted lifeyears (QALYs) gained by the beneficiaries.
Credible interval: In Bayesian statistics, an interval in which the actual value of a parameter
of interest lies with a defined probability.
Deviance information criterion (DIC): A measure of model comparison and accuracy. Smaller
DIC values with a difference greater than two indicate a better-fitting model.
Effectiveness: The extent to which an intervention, procedure, regimen, or service produces
the intended outcomes when deployed under routine (“real world”) circumstances.
Fixed-effects meta-analysis: Methods of fixed effects meta-analysis are based on the
mathematical assumption that a single common (or “fixed”) effect underlies every study in
the meta-analysis. In other words, if we were doing a meta-analysis of odds ratios, we would
assume that every study is estimating the same odds ratio. Under this assumption, if every
study were infinitely large, every study would yield an identical result. This is the same as
assuming there is no (statistical) heterogeneity among the studies.
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Gelman-Rubin diagnostic: The Gelman-Rubin diagnostic involves checking convergence of a
chain using two or more samples generated in parallel. An R statistic is calculated and values
of R close to 1 indicate convergence.
Health-related quality of life: A broad theoretical construct developed to explain and
organize measures concerned with the evaluation of health status, attitudes, values, and
perceived levels of satisfaction and general well-being regarding either specific health
conditions or life as a whole from the perspective of the individual.
Heterogeneity: Variation in treatment effects between RCTs within a pairwise contrast.
Heterogeneity is likely to occur if trials have been undertaken on different patient groups,
and/or different settings, and/or methodological differences in the design and conduct of the
trials.
Hyperglycemia: A qualitative term used to describe blood glucose that is above the normal
range.
Hypoglycemia: A qualitative term used to describe blood glucose that is below the normal
range. Definitions vary across studies, although one or more of the following is usually
required to define a hypoglycemic event: autonomic or neuroglycopenic symptoms
characteristic of low blood glucose (e.g., trembling, sweating, hunger, confusion, weakness)
that respond to carbohydrate intake, and/or a plasma glucose level below a specific value
(threshold is usually between 3.4 mmol/L to 4.0 mmol/L).
Inconsistency: Variation in treatment effects between trials, between a pairwise contrast. A
key assumption of MTC meta-analysis is that trials within and between pairwise contrasts are
similar enough to combine. However, if trials have been compared in different conditions
(e.g., populations, settings, and/or methodological differences), then this may lead to
misleading results. Similar to traditional meta-analysis, it is important to consider whether or
not the RCTs are similar enough to “pool.”
Incretin agents: Therapeutics that promote glycemic control through potentiation of the
incretin system. GLP-1 analogues and DPP-4 inhibitors are examples of incretin agents.
Ischemic heart disease: Heart disease, due to inadequate blood perfusion of the
myocardium, which causes an imbalance between oxygen supply and demand.
Meta-analysis: Statistical synthesis of the results of individual studies that examine the same
question to produce a single estimate of effect.
Mixed treatment comparison meta-analysis: A Bayesian approach that combines direct and
indirect evidence in a single analysis, thus enabling simultaneous comparison of multiple
treatment interventions.
Monte Carlo error: Measure the variation of the mean of the parameter of interest due to a
simulation. If Monte Carlo errors are low (< 5%) in comparison to the corresponding posterior
standard deviations, then the estimated posterior mean was estimated with high precision.
Nocturnal hypoglycemia: Hypoglycemic events that occur at night, usually from midnight to
6:00 a.m.
Non-informative or vague prior distributions: A distribution that will not influence the
posterior distribution.
Overall hypoglycemia: Overall hypoglycemia is defined by either symptoms or signs of
hypoglycemia and/or blood glucose less than 4 mmol/L.
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Posterior distribution: A distribution that embodies both the prior distribution and the
observed data information.
Posterior mean residual deviance: A method of accessing goodness of fit of a model. A
model with adequate model fit would have a mean posterior residual deviance less than or
equal to the number of unconstrained data points.
Prior distribution: A distribution that expresses information available to the researcher
before any “data” are involved in the statistical analysis.
Quality-adjusted life-year: A health outcome measure that combines both quantity
(mortality) and quality of life (morbidity). This measure enables comparisons across diseases
and programs.
Random-effects meta-analysis: A random effects analysis makes the assumption that
individual studies are estimating different treatment effects. In order to make some sense of
the different effects they assume, they have a distribution with some central value and some
degree of variability.
Randomized controlled trial: A prospective experimental study designed to test the efficacy
of an intervention in which patients are randomly allocated to either a treatment group or to
the control group.
Severe hypoglycemia: An event with characteristic hypoglycemic symptoms requiring the
assistance of another person.
Standard deviation: A measure of the variability or spread of the data.
Systematic review: A summary of the medical literature that uses explicit methods to
identify, select, appraise, and analyze studies relevant to a particular clinical question.
Transient ischemic attack: Episodes of stroke symptoms that last only briefly.
Type 2 diabetes mellitus: Diabetes characterized by insulin resistance and varying degrees of
insulin deficiency, especially as the diabetes progresses.
Utility: A utility is a quantitative expression for an individual’s health state. The conventional
utility scale has a utility of 0 for dead and 1 for perfect health. States worse than death can
have negative values.
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APPENDIX 1: LITERATURE SEARCH STRATEGY FOR
ANTIDIABETES DRUGS USED IN THE MANAGEMENT OF
TYPE 2 DIABETES
OVERVIEW
Interface:

OVID

Databases:

BIOSIS Previews <1985 to 2009 Week 21>;
Embase <1980 to 2009 Week 18>;
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations <May 4, 2009>;
Ovid MEDLINE(R) <1950 to April Week 4 2009>
* Note: Subject headings have been customized for each database.

Date of
Search:

May 4, 2009

Alerts:

Monthly search updates began June 2009 and ran to April 2010.

Study Types:

randomized controlled trials

Limits:

Publication years 1980-present
English

SYNTAX GUIDE
/

At the end of a phrase, searches the phrase as a subject heading

.sh

At the end of a phrase, searches the phrase as a subject heading

MeSH

Medical Subject Heading

fs

Floating subheading

exp

Explode a subject heading

$

Truncation symbol, or wildcard: retrieves plural or variations of a word

*

Indicates that the marked subject heading is a primary topic

?

Truncation symbol for one or no characters only

ADJ

Requires words are adjacent to each other (in any order)

ADJ#

Adjacency within # number of words (in any order)

.ti

Title

.ab

Abstract

.hw

Heading Word; usually includes subject headings and controlled vocabulary

.pt

Publication type

.rn

CAS registry number
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Line

Searches

No.
MEDLINE / BIOSIS
1
Hypoglycemic drugs/
2
((Antidiabetic or anti diabetic or antihyperglycemic or anti-hyperglycemic or oral
hypoglycemic or anti-diabetes or antidiabetes) adj (agent or agents or drug or drugs or
compound or compounds)).ti,ab.
3
Thiazolidinediones/
4
(glitazone* or thiazolidinedione* or pioglitazone* or rosiglitazone* or actos or avandia or
avandamet or avandaryl).ti,ab.
5
(122320-73-4 or 155141-29-0).rn.
6
Dipeptidyl-Peptidase IV Inhibitors/
7
(Sitagliptin or januvia or Vildagliptin or galvus or gliptin or incretin agent* or Exenatide
or byetta or Liraglutide or victoza).ti,ab.
8
(486460-32-6 or 274901-16-5 or 141758-74-9 or 204656-20-2).rn.
9
(dpp adj IV adj inhibitor*).ti,ab.
10
(Dipeptidyl-Peptidase adj IV adj inhibitor*).ti,ab.
11
DPP-4 inhibitors.ti,ab.
12
dipeptidyl peptidase-4 inhibitors.ti,ab.
13
exp Sulfonylurea Compounds/
14
(sulfonylurea* or tolbutamide or Orinase or glyconon or tolazamide or Tolinase or
chlorpropamide or Diabinese or glymese or glipizide or Glucotrol or glyburide or
glibenclamide or glybenclamide or Diabeta or Micronase or Glynase or gen-glybe or
euglucon or glimepiride or Amaryl or gliclazide or Diamicron or diaglyk or glibenese or
minodiab or gen-gliclazide).ti,ab.
15
(64-77-7 or 1156-19-0 or 94-20-2 or 29094-61-9 or 10238-21-8 or 93479-97-1 or 21187-984).rn.
16
alpha-Glucosidases/ai [Antagonists & Inhibitors]
17
(acarbose or glucobay or precose or prandase or akarbose or miglitol* or glyset or
diastabol or voglibose).ti,ab.
18
(56180-94-0 or 72432-03-2 or 83480-29-9).rn.
19
((alph* adj glucos* adj inhibit*) or (alf* adj glucos* adj inhibit*)).ti,ab.
20
acarbose/ [mesh]
21
Lipase/ai [Antagonists & Inhibitors]
22
(Orlistat or Xenical or Tetrahydrolipstatin or Sibutramine or meridia).ti,ab.
23
(96829-58-2 or 106650-56-0).rn.
24
(lipase adj inhibit*).ti,ab.
25
(repaglinide or nateglinide or Meglitinide* or prandin or gluconorm or starlix or
novonorm).ti,ab.
26
(135062-02-1 or 105816-04-4).rn.
27
Amyloid/
28
(Pramlintide or symlin).ti,ab.
29
(amylin adj analog*).ti,ab.
30
151126-32-8.rn.
31
exp insulin/
32
(long acting insulin* or long acting analog* or slow* acting insulin* or slow* acting
analog*).ti,ab.
33
(glargine or Lantus or Optisulin or hoe 901 or 160337-95-1).ti,ab,rn.
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Line

Searches

No.
MEDLINE / BIOSIS
34
(detemir or determir or Levemir or nn 304 or 169148-63-4).ti,ab,rn.
35
(nph insulin or humulin or novolin).ti,ab.
36
11061-68-0.rn.
37
(short acting insulin* or quick acting insulin* or rapid acting insulin* or rapidly acting
insulin* or fast acting insulin* or quick acting analog* or rapid acting analog* or rapidly
acting analog* or short acting analog* or fast acting analog*).ti,ab.
38
(Lispro or Lyspro or Humalog or Liprolog or 133107-64-9).ti,ab,rn.
39
(Insulin Aspart or 116094-23-6 or NovoLog or NovoRapid or NovoMix).ti,ab,rn.
40
(Glulisine or 207748-29-6 or Apidra).ti,ab,rn.
41
or/1-40
42
((adult or ketosis-resistant or matur* or late or non-insulin depend* or noninsulin depend*
or slow or stable or type 2 or type II or lipoatrophic) adj3 diabet$).ti,ab.
43
exp Diabetes Mellitus, Type 2/
44
(Mody or niddm or t2dm).ti,ab.
45
diabetes mellitus/
46
or/42-45
47
41 and 46
48
Randomized Controlled Trial.pt.
49
Randomized Controlled Trials as Topic/
50
Randomized Controlled Trial/
51
Randomization/
52
Random Allocation/
53
Double-Blind Method/
54
Double Blind Procedure/
55
Double-Blind Studies/
56
Single-Blind Method/
57
Single Blind Procedure/
58
Single-Blind Studies/
59
Placebos/
60
Placebo/
61
(random* or sham or placebo*).ti,ab,hw.
62
((singl* or doubl*) adj (blind* or dumm* or mask*)).ti,ab,hw.
63
((tripl* or trebl*) adj (blind* or dumm* or mask*)).ti,ab,hw.
64
or/48-63
65
Metformin/
66
Metformin.ti,ab.
67
(dimethylguanylguanidine or dimethylbiguanidine or glucophage).ti,ab.
68
(657-24-9 or 1115-70-4).rn.
69
(Glycon or Fortamet or Riomet or Venez or Diaformina or Dimefor or Glafornil or
Glucaminol or Glucofage or Diabex or Diaformin or Glucohexal or Glucomet or Novomet
or Metomin or Glucamet or Metsol or Orabet).ti,ab.
70
(apo-metformin or apotex or genmetformin or glucophage or glumetza or novometformin or nu-metformin or pms-metformin or ran-metformin or ratio-metformin or
rhoxal-metformin or sandoz metformin).ti,ab.
71
(Aron or Diabetosan or Diabex or Diformin or Diformin Retard or Dimethylbiguanide or
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Line

Searches

No.
MEDLINE / BIOSIS
Dmgg or Fluamine or Fortamet or Gliguanid or Glucoformin or Haurymellin or La 6023 or
La6023 or Meguan or Mellittin or Metaformin or Methformin or Metiguanide or
Metphormin or Dimethylguanylguanide or Nndg or Dimethylbiguanide or Dimethyl
Biguanidine or Dimethylbiguanidine or Dimethyldiguanide).ti,ab.
72
or/65-71
73
47 and 64 and 72
74
limit 73 to yr="1980 -Current"
75
limit 74 to english language

Line

Searches

No.
EMBASE
1
2
3
4
5
6
7
8
9
10
11
12

13

14

15
16
17
18

19
20
21

*Diabetes Mellitus/
*Maturity Onset Diabetes Mellitus/
*Non Insulin Dependent Diabetes Mellitus/
*Lipoatrophic Diabetes Mellitus/
((adult or ketosis-resistant or matur* or late or non-insulin depend* or noninsulin depend*
or slow or stable or type 2 or type II or lipoatrophic) adj3 diabet$).ti,ab.
(Mody or niddm or t2dm).ti,ab.
or/1-6
Metformin/
Metformin.ti,ab.
(dimethylguanylguanidine or dimethylbiguanidine or glucophage).ti,ab.
(657-24-9 or 1115-70-4).rn.
(apo-metformin or apotex or genmetformin or glucophage or glumetza or novometformin or nu-metformin or pms-metformin or ran-metformin or ratio-metformin or
rhoxal-metformin or sandoz metformin).ti,ab.
(Glycon or Fortamet or Riomet or Venez or Diaformina or Dimefor or Glafornil or
Glucaminol or Glucofage or Diabex or Diaformin or Glucohexal or Glucomet or Novomet
or Metomin or Glucamet or Metsol or Orabet).ti,ab.
(Aron or Diabetosan or Diabex or Diformin or Diformin Retard or Dimethylbiguanide or
Dmgg or Fluamine or Fortamet or Gliguanid or Glucoformin or Haurymellin or La 6023 or
La6023 or Meguan or Mellittin or Metaformin or Methformin or Metiguanide or
Metphormin or Dimethylguanylguanide or Nndg or Dimethylbiguanide or Dimethyl
Biguanidine or Dimethylbiguanidine or Dimethyldiguanide).ti,ab.
or/8-14
Antidiabetic agent/
Oral Antidiabetic agent/
((Antidiabetic or anti diabetic or antihyperglycemic or anti-hyperglycemic or oral
hypoglycemic or anti-diabetes or antidiabetes) adj (agent or agents or drug or drugs or
compound or compounds)).ti,ab.
exp *glitazone derivative/
(glitazone* or thiazolidinedione* or pioglitazone or rosiglitazone or actos or avandia or
avandamet or avandaryl).ti,ab.
(122320-73-4 or 155141-29-0).rn.
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Line

Searches

No.
EMBASE
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53
54

exp *Dipeptidyl Peptidase IV Inhibitor/
(Sitagliptin or januvia or Vildagliptin or galvus or gliptin or incretin agent* or Exenatide
or byetta or Liraglutide or victoza).ti,ab.
(486460-32-6 or 274901-16-5 or 141758-74-9 or 204656-20-2).rn.
(dpp adj IV adj inhibitor*).ti,ab.
(Dipeptidyl-Peptidase adj IV adj inhibitor*).ti,ab.
DPP-4 inhibitors.ti,ab.
dipeptidyl peptidase-4 inhibitors.ti,ab.
exp *sulfonylurea derivative/
(sulfonylurea* or tolbutamide or Orinase or glyconon or tolazamide or Tolinase or
chlorpropamide or Diabinese or glymese or glipizide or Glucotrol or glyburide or
glibenclamide or glybenclamide or Diabeta or Micronase or Glynase or gen-glybe or
euglucon or glimepiride or Amaryl or gliclazide or Diamicron or diaglyk or glibenese or
minodiab or gen-gliclazide).ti,ab.
(64-77-7 or 1156-19-0 or 94-20-2 or 29094-61-9 or 10238-21-8 or 93479-97-1 or 21187-984).rn.
exp *"Alpha Glucosidase Inhibitor"/
(acarbose or glucobay or precose or prandase or akarbose or miglitol* or glyset or
diastabol or voglibose).ti,ab.
(56180-94-0 or 72432-03-2 or 83480-29-9).rn.
((alph* adj glucos* adj inhibit*) or (alf* adj glucos* adj inhibit*)).ti,ab.
Lipase inhibitor/
*Tetrahydrolipstatin/
*Sibutramine/
(Orlistat or Xenical or Tetrahydrolipstatin or Sibutramine or meridia).ti,ab.
(96829-58-2 or 106650-56-0).rn.
(lipase adj inhibit*).ti,ab.
*Meglitinide/
*Repaglinide/
*Nateglinide/
(repaglinide or nateglinide or Meglitinide* or prandin or gluconorm or starlix or
novonorm).ti,ab.
(135062-02-1 or 105816-04-4).rn.
*Pramlintide/
(Pramlintide or symlin).ti,ab.
(amylin adj analog*).ti,ab.
151126-32-8.rn.
*biphasic insulin/ or *human insulin/ or *insulin/ or *insulin aspart/ or *insulin detemir/
or *insulin glargine/ or *insulin glulisine/ or *insulin lispro/ or *isophane insulin/ or *long
acting insulin/ or *monocomponent insulin/ or *neutral insulin/ or *recombinant human
insulin/ or *synthetic insulin/
(long acting insulin* or long acting analog* or slow* acting insulin* or slow* acting
analog*).ti,ab.
(glargine or Lantus or Optisulin or hoe 901 or 160337-95-1).ti,ab,rn.
(detemir or determir or Levemir or nn 304 or 169148-63-4).ti,ab,rn.
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Line

Searches

No.
EMBASE
55
56
57

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

Line

(nph insulin or humulin or novolin).ti,ab.
11061-68-0.rn.
(short acting insulin* or quick acting insulin* or rapid acting insulin* or rapidly acting
insulin* or fast acting insulin* or quick acting analog* or rapid acting analog* or rapidly
acting analog* or short acting analog* or fast acting analog*).ti,ab.
(Lispro or Lyspro or Humalog or Liprolog or 133107-64-9).ti,ab,rn.
(Insulin Aspart or 116094-23-6 or NovoLog or NovoRapid or NovoMix).ti,ab,rn.
(Glulisine or 207748-29-6 or Apidra).ti,ab,rn.
or/16-60
7 and 15 and 61
Randomized Controlled Trial.pt.
Randomized Controlled Trials as Topic/
Randomized Controlled Trial/
Randomization/
Random Allocation/
Double-Blind Method/
Double Blind Procedure/
Double-Blind Studies/
Single-Blind Method/
Single Blind Procedure/
Single-Blind Studies/
Placebos/
Placebo/
(random* or sham or placebo*).ti,ab,hw.
((singl* or doubl*) adj (blind* or dumm* or mask*)).ti,ab,hw.
((tripl* or trebl*) adj (blind* or dumm* or mask*)).ti,ab,hw.
or/63-78
62 and 79
limit 80 to english language

Searches

No.
Cochrane Central Register of Controlled Trials
1
Hypoglycemic drugs/
((Antidiabetic or anti diabetic or antihyperglycemic or anti-hyperglycemic or oral
2
hypoglycemic or anti-diabetes or antidiabetes) adj (agent or agents or drug or drugs or
compound or compounds)).ti,ab.
3
Thiazolidinediones/
(glitazone* or thiazolidinedione* or pioglitazone* or rosiglitazone* or actos or avandia or
4
avandamet or avandaryl).ti,ab.
5
[(122320-73-4 or 155141-29-0).rn.]
6
Dipeptidyl-Peptidase IV Inhibitors/
(Sitagliptin or januvia or Vildagliptin or galvus or gliptin or incretin agent* or Exenatide
7
or byetta or Liraglutide or victoza).ti,ab.
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Line

Searches

No.
Cochrane Central Register of Controlled Trials
8
[(486460-32-6 or 274901-16-5 or 141758-74-9 or 204656-20-2).rn.]
9
(dpp adj IV adj inhibitor*).ti,ab.
10
(Dipeptidyl-Peptidase adj IV adj inhibitor*).ti,ab.
11
DPP-4 inhibitors.ti,ab.
12
dipeptidyl peptidase-4 inhibitors.ti,ab.
13
exp Sulfonylurea Compounds/
(sulfonylurea* or tolbutamide or Orinase or glyconon or tolazamide or Tolinase or
chlorpropamide or Diabinese or glymese or glipizide or Glucotrol or glyburide or
14
glibenclamide or glybenclamide or Diabeta or Micronase or Glynase or gen-glybe or
euglucon or glimepiride or Amaryl or gliclazide or Diamicron or diaglyk or glibenese or
minodiab or gen-gliclazide).ti,ab.
[(64-77-7 or 1156-19-0 or 94-20-2 or 29094-61-9 or 10238-21-8 or 93479-97-1 or 21187-9815
4).rn.]
16
alpha-Glucosidases/ai [Antagonists & Inhibitors]
(acarbose or glucobay or precose or prandase or akarbose or miglitol* or glyset or
17
diastabol or voglibose).ti,ab.
18
[(56180-94-0 or 72432-03-2 or 83480-29-9).rn.]
19
((alph* adj glucos* adj inhibit*) or (alf* adj glucos* adj inhibit*)).ti,ab.
20
acarbose/ [mesh]
21
Lipase/ai [Antagonists & Inhibitors]
22
(Orlistat or Xenical or Tetrahydrolipstatin or Sibutramine or meridia).ti,ab.
23
[(96829-58-2 or 106650-56-0).rn.]
24
(lipase adj inhibit*).ti,ab.
(repaglinide or nateglinide or Meglitinide* or prandin or gluconorm or starlix or
25
novonorm).ti,ab.
26
[(135062-02-1 or 105816-04-4).rn.]
27
Amyloid/
28
(Pramlintide or symlin).ti,ab.
29
(amylin adj analog*).ti,ab.
30
[151126-32-8.rn.]
31
exp insulin/
(long acting insulin* or long acting analog* or slow* acting insulin* or slow* acting
32
analog*).ti,ab.
33
(glargine or Lantus or Optisulin or hoe 901 or 160337-95-1).ti,ab,rn.
34
(detemir or determir or Levemir or nn 304 or 169148-63-4).ti,ab,rn.
35
(nph insulin or humulin or novolin).ti,ab.
36
[11061-68-0.rn.]
(short acting insulin* or quick acting insulin* or rapid acting insulin* or rapidly acting
37
insulin* or fast acting insulin* or quick acting analog* or rapid acting analog* or rapidly
acting analog* or short acting analog* or fast acting analog*).ti,ab.
38
(Lispro or Lyspro or Humalog or Liprolog or 133107-64-9).ti,ab,rn.
39
(Insulin Aspart or 116094-23-6 or NovoLog or NovoRapid or NovoMix).ti,ab,rn.
40
(Glulisine or 207748-29-6 or Apidra).ti,ab,rn.
41
or/1-40
42
((adult or ketosis-resistant or matur* or late or non-insulin depend* or noninsulin depend*
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Line

Searches

No.
Cochrane Central Register of Controlled Trials
or slow or stable or type 2 or type II or lipoatrophic) adj3 diabet$).ti,ab.
43
exp Diabetes Mellitus, Type 2/
44
(Mody or niddm or t2dm).ti,ab.
45
or/42-44
46
41 and 45
47
Metformin/
48
Metformin.ti,ab.
49
(dimethylguanylguanidine or dimethylbiguanidine or glucophage).ti,ab.
(apo-metformin or apotex or genmetformin or glucophage or glumetza or novo50
metformin or nu-metformin or pms-metformin or ran-metformin or ratio-metformin or
rhoxal-metformin or sandoz metformin).ti,ab.
(Glycon or Fortamet or Riomet or Venez or Diaformina or Dimefor or Glafornil or
51
Glucaminol or Glucofage or Diabex or Diaformin or Glucohexal or Glucomet or Novomet
or Metomin or Glucamet or Metsol or Orabet).ti,ab.
(Aron or Diabetosan or Diabex or Diformin or Diformin Retard or Dimethylbiguanide or
Dmgg or Fluamine or Fortamet or Gliguanid or Glucoformin or Haurymellin or La 6023 or
52
La6023 or Meguan or Mellittin or Metaformin or Methformin or Metiguanide or
Metphormin or Dimethylguanylguanide or Nndg or Dimethylbiguanide or Dimethyl
Biguanidine or Dimethylbiguanidine or Dimethyldiguanide).ti,ab.
53
or/47-52
54
46 and 53
55
limit 54 to yr="1980 -Current"
56
limit 55 to randomized controlled trial

SUPPLEMENTAL SEARCH, SAXAGLIPTIN
OVERVIEW
Interface:

OVID

Databases:

EMBASE <1980 to 2009 Week 31>;
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations <August 5, 2009>;
Ovid MEDLINE(R) <1950 to July Week 4 2009>
* Note: Subject headings have been customized for each database.

Date of Search:

August 5, 2009

Alerts:

Monthly search updates began August 5, 2009 and ran to April 2010.

Study Types:

No limits

Limits:

Publication years 1980-present
English
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SYNTAX GUIDE
/

At the end of a phrase, searches the phrase as a subject heading

.sh

At the end of a phrase, searches the phrase as a subject heading

MeSH

Medical Subject Heading

fs

Floating subheading

exp

Explode a subject heading

$

Truncation symbol, or wildcard: retrieves plural or variations of a word

*

Indicates that the marked subject heading is a primary topic

?

Truncation symbol for one or no characters only

ADJ

Requires words are adjacent to each other (in any order)

ADJ#

Adjacency within # number of words (in any order)

.ti

Title

.ab

Abstract

.hw

Heading Word; usually includes subject headings and controlled vocabulary

.pt

Publication type

.rn

CAS registry number

Line
No.

Searches

MEDLINE
1
2
3
4
5

Line
No.

Searches

EMBASE
1
2
3
4
5

Line
No.

(saxagliptin or onglyza or bms 477118 or bms-477118 or bms477118 or 3hydroxyadamantylglycine-4,5-methanoprolinenitrile).ti,ab,rn.
(361442-04-811 or 945667-22-111).rn.
or/1-2
from 3 keep 1-19
limit 4 to (english language and yr="1980 -Current")

(saxagliptin or onglyza or bms 477118 or bms-477118 or bms477118 or 3hydroxyadamantylglycine-4,5-methanoprolinenitrile).ti,ab,rn.
(361442-04-811 or 945667-22-111).rn.
saxagliptin/
or/1-3
limit 4 to english language

Searches

Cochrane Central Register of Controlled Trials
1
(saxagliptin or onglyza or bms 477118 or bms-477118 or bms477118 or 3hydroxyadamantylglycine-4,5-methanoprolinenitrile).ti,ab,rn.
2
[(361442-04-811 or 945667-22-111).rn.]
3
saxagliptin/
4
or/1-3
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Other Databases
PubMed

Same MeSH, keywords, limits, and study types used as per MEDLINE
search, with appropriate syntax used.

The Cochrane Library,
Issue 4

Same MeSH, keywords, and date limits used as per MEDLINE search,
excluding study types. Syntax adjusted for Cochrane Library
databases.

Grey Literature and Hand-Searches
Dates for Search:

May 2009

Keywords:

metformin, second-line therapy, oral antidiabetes agents, antidiabetic agents,
type 2 diabetes. All keywords associated with each included drug

Limits:

Publication years 1980 to present

This section lists the main agencies, organizations, and websites searched; it is not a complete list.

Agencies and Institutes
Institute of Health Economics
http://www.ihe.ca/
Agence d’évaluation des technologies et des modes d’intervention en santé (AETMIS)
http://www.aetmis.gouv.qc.ca/site/en_publications_liste.phtml
Canadian Agency for Drugs and Technologies in Health
http://www.cadth.ca/index.php/en/hta/reports-publications
Ontario Ministry of Health and Long Term Care: Health Technology Reviews
http://www.health.gov.on.ca/english/providers/program/ohtac/tech/techlist_mn.html
Institute for Clinical Evaluative Sciences (ICES): Ontario
http://www.ices.on.ca/
The Technology Assessment Unit of the McGill University Health Centre
http://www.mcgill.ca/tau/publications/publications_by_subject/
Therapeutics Initiative, Evidence-Based Drug Therapy: The University of
British Columbia
http://www.ti.ubc.ca
Health Quality Council: Saskatchewan.
http://www.hqc.sk.ca/
INAHTA — International Network of Agencies for Health Technology Assessment
http://www.inahta.org
NPS RADAR — National Prescribing Service Ltd.
http://www.npsradar.org.au/site.php?page=1&content=/npsradar%2Fcontent%2Farchive_alpha.html
Centre for Reviews and Dissemination
www.york.ac.uk/inst/crd/crddatabases.htm
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NHS Health Technology Assessment /National Coordinating Centre for Health Technology Assessment
(NCCHTA).
http://www.hta.ac.uk/
NICE NHS National Institute for Health and Clinical Excellence
http://www.nice.org.uk
AHRQ Agency for Healthcare Research and Quality
http://www.ahrq.gov/clinic/techix.htm
AHRQ: Effective Health Care Program, Reports
http://effectivehealthcare.ahrq.gov/index.cfm
ECRI Institute
http://www.ecri.org/
Evidence-Based Information on Prescription Drugs for Consumers and Health Care Providers
http://www.oregon.gov/DAS/OHPPR/ORRX/HRC/evidence_based_reports.shtml#Prescription_Drugs
DERP Drug Effectiveness Review Project: Oregon Health & Science University
http://www.ohsu.edu/ohsuedu/research/policycenter/DERP/products.cfm
United States Department of Veterans Affairs, Drug Class Reviews
http://www.pbm.va.gov/DrugClassReviews.aspx
Saskatoon Health Region, RxFiles
http://www.rxfiles.ca/rxfiles/modules/druginfoindex/druginfo.aspx
U.S. National Institutes of Health Clinical Trials Database
http://clinicaltrials.gov/ct/gui
Current Controlled Trials Ltd.
http://www.controlled-trials.com/
National Research Register. U.K. Dept. of Health
http://www.update-software.com/national/
World Health Organization ― International Clinical Trials Registry Platform Search Portal
http://www.who.int/trialsearch
Conferences/Societies/Organizations/Associations
Canadian Diabetes Association (CDA)
http://www.diabetes.ca
European Society of Endocrinology (ESE)
http://www.euro-endo.org/
Society for Endocrinology
http://www.endocrinology.org/
European Society for Paediatric Endocrinology (ESPE)
http://www.eurospe.org/
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The Endocrine Society (US)
http://www.endo-society.org/
American Association of Clinical Endocrinologists Annual Meeting and Clinical Congress (AACE)
http://www.aace.com
American Diabetes Association (ADA) Scientific Sessions
http://www.diabetes.org/home.jsp
EASD European Association for the Study of Diabetes
http://www.easd.org/
Association of British Clinical Diabetologists
www.diabetologists.org.uk
PCDE Primary Care Diabetes Europe
http://www.pcdeurope.org
International Diabetes Federation
www.idf.org/home
Search Engines
Google
http://www.google.ca/
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APPENDIX 2: LIST OF INCLUDED STUDIES
AUTHOR

YEAR

CITATION

AHREN et al.52
BARNETT et al.53
BERNE et al.54
BLONDE et al.55
BOLLI et al.56
BOLLI et al.57
BOSI et al.58
BRAZG et al.59
BUNCK et al.60
CHARBONNEL et al.61
CHARBONNEL et al.62
CHARPENTIER et al.63
DEFRONZO et al.64
DEFRONZO et al.65
EINHORN et al.66
FEINGLOS et al.67
FERRANNINI et al.68
FONSECA et al.69
FRID et al.106
GAO et al.70
GARBER et al.71
GOMEZ-PEREZ et al.72
GOODMAN et al.73
HALIMI et al.74
HAMANN et al.75
HOME et al.76
HOME et al.77
KAKU78
KHANOLKAR et al.79
KILO et al.80
KVAPIL et al.81
LEITER et al.82
MARRE et al.83
MARRE et al.84
MATTHEWS et al.85
MCNULTY et al.86
MOSES et al.87
NAUCK et al.88
NAUCK et al.89
NAUCK et al.90
PAPATHANASSIOU et al.91
PHILLIPS et al.92
POON et al.93
RASKIN et al.94
RAZ et al.95

2004
2007
2005
2009
2008
2009
2007
2007
2009
2006
2005
2001
2005
2009
2000
2005
2009
2000
2008
2009
2006
2002
2009
2000
2008
2007
2009
2009
2008
2003
2006
2005
2002
2002
2005
2003
1999
2007
2006
2009
2009
2003
2005
2007
2008

Diabetes Care 2004;27(12):2874-80
Clin Ther 2007;29(11):2333-48
Diabet Med 2005;22(5):612-8
Diabetes Obes Metab 2009;
Diabetes Obes Metab 2008;10(1):82-90
Diabetes Obes Metab 2009;11(6):589-95
Diabetes Care 2007;30(4):890-5
Diabetes Obes Metab 2007;9(2):186-93
Diabetes Care 2009;32(5):762-8
Diabetes Care 2006;29(12):2638-43
Diabetologia 2005;48(6):1093-104
Diabet Med 2001;18(10):828-34
Diabetes Care 2005;28(5):1092-100
Diabetes Care. 2009 Sep;32(9):1649-55
Clin Ther 2000;22(12):1395-409
Diabetes Res Clin Pract 2005;68(2):167-75
Diabetes Obes Metab 2009;11(2):157-66
JAMA 2000;283(13):1695-702
Diabetes 2008;57(Suppl 1):A574-A575, JUN
Diabetes Res Clin Pract 2009;83(1):69-76
Diabetes Obes Metab 2006;8(2):156-63
Diabetes Metab Res Rev 2002;18(2):127-34
Horm Metab Res 2009;
Diabetes Res Clin Pract 2000;50(1):49-56
Exp Clin Endocrinol Diabetes 2008;116(1):6-13
Diabet Med 2007;24(6):626-34
Lancet 2009;
Curr Med Res Opin 2009;25(5):1111-9
Atherosclerosis 2008;197(2):718-24
J Diabetes Complicat 2003;17(6):307-13
Diabetes Obes Metab 2006;8(1):39-48
Can J Diabetes 2005;29(4):384-92
Diabet Med 2002;19(8):673-80
Diabetes Obes Metab 2002;4(3):177-86
Diabetes Metab Res Rev 2005;21(2):167-74
Diabetes Care 2003;26(1):125-31
Diabetes Care 1999;22(1):119-24
Diabetes Obes Metab 2007;9(2):194-205
Exp Clin Endocrinol Diabetes 2006;114(8):417-23
Diabetes Care 2009;32(1):84-90
Atherosclerosis 2009;205(1):221-6
Diabetes Care 2003;26(2):269-73
Diabetes Technol Ther 2005;7(3):467-77
Eur J Intern Med 2007;18(1):56-62
Curr Med Res Opin 2008;24(2):537-50
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AUTHOR
96

RISTIC et al.
RISTIC et al.97
RODGER et al.98
ROSENSTOCK et al.99
SCHERNTHANER et al.100
SCOTT et al.101
TRAUTMANN et al.107
UMPIERREZ et al.102
VAN GAAL et al.103
VON BIBRA et al.104
WOLEVER et al.105

YEAR

CITATION

2006
2007
1995
1998
2004
2008
2007
2006
2001
2008
1997

Diabet Med 2006;23(7):757-62
Diabetes Obes Metab 2007;9(4):506-11
Clin Invest Med 1995;18(4):318-24
Diabetes Care 1998;21(12):2050-5
Eur J Clin Invest 2004;34(8):535-42
Diabetes Obes Metab 2008;10(10):959-69
Diabetes 2007;56(Suppl 1):A45, JUN
Curr Med Res Opin 2006;22(4):751-9
Diabetes Obes Metab 2001;3(5):326-31
Diab Vasc Dis Res 2008;5(4):310-8
Int J Obes Relat Metab Disord 1997;21(9):756-63
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APPENDIX 3: LIST OF EXCLUDED STUDIES
AUTHOR
ALBA et al.156
BALU et al.157
RASKIN et al.109
USHAKOVA et al.158
SHARMA et al.159
OLSSON et al.160
BAO et al.161
BOSI et al.162
BOSI et al.163
BRANDLE et al.164
BRODOWS et al.165
BROOK et al.166
MOSES167
JOSSE168
CHIASSON et al.169
BUNCK et al.170
BUNCK et al.171
BUNCK et al.172
CHAN et al.173
CHAPMAN et al.174
CHOE et al.175
CORNER et al.176
DE MATTIA et al.177
DEFRONZO et al.178
BETTERIDGE and VERGES179
AHREN et al.180
GARCIA-SORIA et al.181
GOKE et al.182
ROGER et al.183
O'BRIEN et al.184
TESTA et al.185
NAUCK et al.186
DEJAGER et al.187
DORNHORST et al.188
EVANGELISTA et al.189
FOOS et al.190
REBOUSSIN et al.191
DHINDSA et al.192
FORDAN et al.193
GALLWITZ194
DORKHAN et al.195
D'ALESSIO et al.196
DEROSA et al.197
DORKHAN et al.198
COMASCHI et al.199

YEAR
2008
2007
2005
2007
2008
2002
2008
2006
2007
2008
2008
2008
1999
1995
1994
2008
2008
2008
2007
2008
2006
2008
2007
2007
2005
2005
2008
2007
1999
2007
2004
2009
2006
2006
2007
2006
2004
2001
2008
2009
2009
2009
2009
2008
2008

EXCLUSION REASON
Study design not of interest
Study design not of interest
Companion
Population not of interest
Population not of interest
Population not of interest
Study design not of interest
Duplicate
Population not of interest
Study design not of interest
Duplicate
Study design not of interest
Decided not to include during data extraction
Duplicate
Duplicate
Duplicate
Outcome not of interest
Outcome not of interest
Study design not of interest
Study design not of interest
Population not of interest
Duplicate
Study design not of interest
Intervention not of interest
Duplicate data
Duplicate data
Intervention not of interest
Intervention not of interest
Intervention not of interest
Intervention not of interest
Intervention not of interest
Intervention not of interest
Population not of interest
Study design not of interest
Population not of interest
Study design not of interest
Not stated
Outcome not of interest
Population not of interest
Study design not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
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AUTHOR

YEAR
200

PAPA et al.
KLONOFF et al.201
CHIEN et al.202
KELLY et al.203
DEROSA et al.204
LABROUSSE-LHERMINE et al.205
PALA et al.206
COMASCHI et al.207
NELSON et al.208
HOME et al.209
DAVIES et al.210
DEROSA et al.211
KIM et al.212
REYNOLDS et al.213
JACOB et al.214
DEROSA et al.215
DEROSA et al.216
BAKRIS et al.217
KUO et al.218
DEROSA et al.219
DEROSA et al.220
BAILEY et al.221
DEROSA et al.222
FEINGLOS et al.223
WANG et al.224
DEROSA et al.216
DEROSA et al.225
DOUEK et al.226
MALONE et al.227
BRUNETTI et al.228
MALONE et al.229
DEROSA et al.230
GOUDSWAARD et al.117
RASKIN et al.231
JOVANOVIC et al.232
FURLONG et al.233
MALONE et al.234
ALTUNTAS et al.235
FINEMAN et al.236
RASKIN et al.237
MILES et al.238
GOKCEL et al.239
RASKIN et al.240
HOLMAN et al.241
LAM et al.242
SOTANIEMI et al.243
PEREZ et al.244

2008
2008
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2005
2006
2006
2006
2006
2005
2005
2005
2005
2005
2005
2005
2005
2004
2004
2004
2004
2004
2004
2003
2003
2003
2003
2003
2002
2001
2000
1999
1998
1990
2006

EXCLUSION REASON
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
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AUTHOR

YEAR
245

GOTTSCHALK et al.
BELCHER et al.246
MAHER et al.247
ALJABRI et al.248
DAVIS et al.249
HOLMAN et al.250
LI et al.251
GARBER et al.252
KING253
BRETZEL et al.254
ROSENSTOCK et al.255
HOULDEN et al.256
TAN et al.257
ERDMANN et al.258
ASCHNER et al.259
BOYE et al.260
JACOBER et al.261
HERMANSEN et al.262
DORMANDY et al.263
DEROSA et al.264
DROUIN et al.265
TAN et al.266
MENEILLY et al.267
ROSSKAMP268
MASSI et al.269
GOKE270
FINER et al.271
DEROSA et al.272
ZINMAN et al.273
GARBER et al.274
GARBER et al.275
GARBER et al.276
GARBER et al.277
GOLDBERG et al.278
GOLUBOVIC et al.279
GOODMAN et al.280
HALIMI et al.281
HEDDAEUS et al.282
HENRIKSEN et al.283
HENRY et al.284
HERMAN et al.285
HERMANSEN et al.286
HSIA287
ISRAEL et al.288
IVANYI et al.289
JENDLE et al.290
JENDLE et al.291

2005
2003
2003
2003
2001
1996
2009
2009
2009
2008
2008
2007
2007
2007
2006
2006
2006
2006
2005
2004
2004
2004
2003
2003
2003
2002
2000
2009
2009
2006
2007
2007
2006
2007
2006
2008
2006
2006
2008
2006
2007
2008
2008
2008
2007
2008
2008

EXCLUSION REASON
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Intervention not of interest
Population not of interest
Duplicate
Population not of interest
Study design not of interest
Population not of interest
Population not of interest
Study design not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Duplicate
Study design not of interest
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AUTHOR

YEAR
292

KADOWAKI et al.
KARASIK et al.293
KAWAI et al.294
KENDALL et al.295
KIM et al.296
KURASHVILI et al.297
KURASHVILI et al.298
LUND et al.299
MAGGS et al.300
MARKOLF et al.301
MATTHEWS et al.302
MATTHEWS et al.303
MEININGER et al.304
MENEGHINI et al.305
NAIKER et al.306
NATHWANI et al.307
NAUCK et al.308
NAUCK et al.309
OSTER et al.310
OVALLE et al.311
DEFRONZO et al.312
SCHWARTZ et al.313
BLONDE et al.314
RATNER et al.315
RAJAGOPALAN et al.316
MALONE317
GOLDSTEIN et al.318
LOFTHOUSE319
PAISEY et al.320
PEREZ et al.244
PFÜTZNER et al.321
PIRAGS322
QI et al.323
RASKIN et al.324
RASKIN et al.325
RHEE et al.326
RIJZEWIJK et al.327
RIJZEWIJK et al.328
ROBBINS et al.329
ROBBINS et al.330
RUSSELL-JONES et al.331
SCHEEN et al.332
SCHMITZ et al.333
SCHOENDORF et al.334
SCHÖNDORF et al.335
SHARMA et al.159
SPANHEIMER et al.336

2008
2006
2007
2008
2006
2008
2006
2006
2006
2006
2008
2008
2006
2006
2006
2006
2008
2006
2006
2007
2008
2008
2006
2006
2005
2005
2007
2006
2008
2006
2009
2009
2008
2006
2006
2008
2008
2008
2006
2006
2008
2006
2008
2008
2008
2008
2006

EXCLUSION REASON
Population not of interest
Duplicate
Study design not of interest
Study design not of interest
Duplicate
Population not of interest
Duplicate
Population not of interest
Population not of interest
Study design not of interest
Population not of interest
Study design not of interest
Common data pool
Population not of interest
Population not of interest
Population not of interest
Common data pool
Population not of interest
Population not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Population not of interest
Population not of interest
Intervention not of interest
Study design not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Study design not of interest
Intervention not of interest
Study design not of interest
Study design not of interest
Study design not of interest
Population not of interest
Population not of interest
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AUTHOR

YEAR
337

TAN et al.
TAN et al.338
TAYLOR et al.339
VAAG et al.340
VON BIBRA et al.341
WAJCBERG et al.342
WANG343
WILLIAMS-HERMAN et al.344
WILLIAMS-HERMAN and XU345
WINTLE et al.346
WOLFFENBUTTEL et al.347
WU et al.348
ZINMAN et al.349
ZINMAN et al.350
TANKOVA et al.351
LIGTHELM352

2006
2006
2006
2008
2007
2006
2007
2008
2007
2006
2008
2008
2006
2006
2003
2009

EXCLUSION REASON
Population not of interest
Population not of interest
Study design not of interest
Study design not of interest
Population not of interest
Study design not of interest
Study design not of interest
Population not of interest
Study design not of interest
Study design not of interest
Population not of interest
Population not of interest
Population not of interest
Population not of interest
Study design not of interest
Study design not of interest
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APPENDIX 4: STUDY CHARACTERISTICS OF INCLUDED STUDIES
Author, Year

Country

Sponsor

*†Barnett et
al., 200753

Australia;
Greece;
Hungary; Italy;
Mexico; Poland

Eli Lilly and
Company

Blonde et al.,
200955

USA

Novartis

Bolli et al.,
200957

Multinational

Novartis

Bosi et al.,
200758

Multinational

Novartis

*Brazg et al.,
200759

USA

Merck & Co.,
Inc. Whitehouse
Station, NJ

Bunck et al.,
200960

Sweden;
Finland;
Netherlands

Amylin
Pharmaceuticals;
Eli Lilly and
Company

†

Charbonnel et
al.,200562

Multinational

Takeda Europe
R&D and Eli Lilly
and Company

Charbonnel et
al., 200661

France;
Israel;

Sponsored by
Merck Research

Interventions/
Comparators
(in
combination
with
Metformin)

Treatment
Duration
(months)

 Exenatide
(10 µg b.i.d.)
 Insulin
Glargine q.d.
 Vildagliptin
(100 mg);
 Pioglitazone or
Rosiglitazone)
 Vildagliptin
(100 mg/day)
 Pioglitazone
(30 mg/day)
 Vildagliptin
(50 mg/day)
 Vildagliptin
(100 mg/day)
 Sitagliptin
(50 mg b.i.d.);
 Placebo
 Exenatide
(5 µg b.i.d. for
4 weeks; 10 µg
b.i.d.; titrated
up to 20 µg
b.i.d.);
 Glargine
(titrated)
 Pioglitazone
(15-45
mg/day);
 Gliclazide
(80-320
mg/day)

4

≥ 1500

3 months

A1C ≥ 7.1%

76

3

1452  500 (SD)‡

≥ 4 weeks

A1C 7%-10%

2,664

12

2020 ± 453 (SD)‡

43 ± 3 (SD)
months‡

A1C 7.5%-11%

576

6

2101 ± 320 (SD)‡

18 ± 23 (SD)
months‡

A1C > 7%

367

1

≥ 1500

≥ 6 weeks

A1C ≥ 6.5%; FPG
126-240 mg/dL

28

12

2168 ± 773 (SD)‡

2 months

A1C ≥ 6.5%

69

24 months

≥ 50% of
maximum
recommended or
maximum
tolerated dose

≥ 3 months

A1C - 7.5%-11%

630

6

≥ 1500

Up to 19 weeks
for those

A1C ≥ 7

701

 Sitagliptin
(100 mg/day)

Metformin
Monotherapy
Prior to
Studies
Dose at
Baseline
(mg/day)

Duration with
Stable Dose

Criteria for
Defining
Metformin
Monotherapy
Failure
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Sample Size

60

Author, Year

Country

Sponsor

Interventions/
Comparators
(in
combination
with
Metformin)

USA

Laboratories

 Placebo

Charpentier et
al., 200163

France

Grant from
Hoechst Marion
Roussel

Defronzo et
al., 200564

USA

Amylin
pharmaceuticals;
Eli Lilly and
Company

DeFronzo et
al., 200965

USA;
Brazil

Bristol-Myers
Squibb;
AstraZeneca

Einhorn et al.,
200066

USA

Takeda
Pharmaceuticals
North America

 Glimepiride
(1mg-6
mg/day)
 Glimepiride +
Metformin
 Metformin only
 Exenatide
(5 μg/b.i.d.)
 Exenatide
(10 μg/b.i.d.)
 Placebo
 Saxagliptin
(2.5 mg)
 Saxagliptin
(5 mg)
 Saxagliptin
(10 mg)
 Placebo
 Pioglitazone
(30 mg/day)
 Placebo

Feinglos et al.,
200567

USA

Pfizer Inc

†

Ferrannini et
al., 200968

Multinational

Novartis

Fonseca et al.,
200069

USA

SmithKline
Beecham
Pharmaceuticals

 Glipizide
(2.5 mg/day)
 Placebo
 Vildagliptin
(100 mg/day)
 Glimepiride
(mean
4.5 mg/day)
 Rosiglitazone
(4 mg/day)
 Rosiglitazone

Treatment
Duration
(months)

Metformin
Monotherapy
Prior to
Studies
Dose at
Baseline
(mg/day)

Duration with
Stable Dose

5

2550

patients not
treated by
metformin
mono- therapy
before the trial
≥ 4 weeks

7.5

≥ 1500

6

Criteria for
Defining
Metformin
Monotherapy
Failure

Sample Size

FBG 7.8-13.9
mmol/L

372

3 months

A1C - 7.1%-11%

226

1,500-2,550

≥ 8 weeks

A1C > 7.0%

562

4.25

Stable dose

≥ 30 days

4

1511 ‡

≥ 3 months

12

1897 ± 410 (SD)‡

≥ 4 weeks

A1C 6.5-8.5%

2789

6.5

≤ 2500

> 4 weeks

FPG >7.7 mmol/L

348

At the end of
run-in with Metmono therapy,
A1C ≥ 8% were
eligible
A1C 7.0%-8.5%
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61

61

Author, Year

Country

Sponsor

§

Frid et al.,
2008106

Sweden;
Germany;
Denmark; USA;
UK

NR

†

Gao et al.,
200970

China; India;
Korea;
Taiwan

Amylin
Pharmaceuticals;
Eli Lilly and
Company

Garber et al.,
200671

USA

Gomez-Perez
et al., 200272

Mexico

Authors from
Bristol-Myers
Squibb
Pharmaceutical
Research
Insitiute, USA
NR; Three out of
7 authors are
from
GlaxoSmithKline

Goodman et
al., 200973

Multinational

Novartis

Halimi et al.,
200074

France

Authors from
Bayer

Interventions/
Comparators
(in
combination
with
Metformin)
(8 mg/day)
 Metformin
(2,500
mg/day)
 Glimepiride
 Liraglutide
0.6 mg/day
 Liraglutide
1.2 mg/day
 Liraglutide
1.8 mg/day
 Placebo
 Exenatide
(4 µg x 4
weeks; 10 µg
for 12 weeks)
 Placebo
 Glyburide
(5 mg-10 mg)
 Rosiglitazone
(4 mg/day)
 Rosiglitazone
(4 mg/day)
 Rosiglitazone
(8 mg/day)
 Placebo
 Vildagliptin
(100 mg/day
AM)
 Vildagliptin
(100 mg/day
PM)
 Placebo
 Acarbose
(1,700 or
2,550 mg/day)
 Placebo

Treatment
Duration
(months)

Metformin
Monotherapy
Prior to
Studies
Dose at
Baseline
(mg/day)

Duration with
Stable Dose

Criteria for
Defining
Metformin
Monotherapy
Failure

Sample Size

6.5

NR

NR

NR

NR

4

1,000 – 3,000

≥ 3 months

A1C ≥ 7%

91

6

1821

≥ 8 weeks

A1C > 7.0%

318

6

2,500 during
4-week titration
phase

4-week titration
phase

FPG ≥ 140 mg/dL

116

6

1,896 ± 391 (SD)‡

≥ 3 months

A1C ≥ 7.5%

370

6

1,770-2,550

≥ 2 months

A1C > 7%

152
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Author, Year

Country

Sponsor

†

Hamann et
al., 200875

Multinational

Authors from
GlaxoSmithKline

†

Home et al.,
200977

UK; Denmark;
Spain; German;
France

GlaxoSmithKline
plc, United
Kingdom

Kaku et al.,
200978

Japan

Takeda
Pharmaceutical
Company, Ltd.

Khanolkar et
al., 200879

United Kingdom

NR

Kilo et al.,
200380

USA

Novo Nordisk
Pharmaceuticals

Kvapil et al.,
200681

Multinational

NR

Interventions/
Comparators
(in
combination
with
Metformin)

Treatment
Duration
(months)

Metformin
Monotherapy
Prior to
Studies
Dose at
Baseline
(mg/day)

 Sulfonylurea
(Glyburide or
Gliclazide
80 mg/day)
 Rosiglitazone
(4 mg/day)
 Both arms
titrated drugs
as study
progressed
 Sulfonylurea
(titrated)
 Rosiglitazone
(titrated)
 Pioglitazone
(titrated from
15 mg-30
mg/day for 12
and further
16 weeks,
respectively)
 Placebo
 Rosiglitazone
(4 mg/day)
 Gliclazide
(80 mg/day)
 Biphasic insulin
aspart (1x
daily 10 min.
before dinner)
 Biphasic
human insulin
(1x daily
30 min. before
dinner)
 NPH insulin (at
10 p.m.)
 Biphasic insulin
aspart (b.i.d.)
 Biphasic insulin

12

1,500-2,000
(forced titration)

≥ 8 weeks prior
to screening,
then 4 weeks
forced titration

A1C > 7%

596

66

≥1500

≥ 8 weeks

A1C > 7%

2222

7

500 or 750

3 months

A1C ≥ 6.5%

169

6

≤ 2,000

> 4 weeks

A1C > 6.5%

25

3

500-2500

4 weeks

FBG 90-126
mg/dL

140

4

1,660 (range
500-3,500)

≥ 1 month

A1C > 7%

230

Duration with
Stable Dose

Criteria for
Defining
Metformin
Monotherapy
Failure
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Author, Year

Country

Sponsor

Interventions/
Comparators
(in
combination
with
Metformin)


†

Leiter et al.,
200582

Canada

GlaxoSmithKline



Marre et al.,
200283

Multinational

Merck Lipha






Marre et al.,
200284

Multinational

Novartis
AG





Matthews et
al., 200585

McNulty et al.,
200386

Multinational

Multinational

Takeda Euro
R&D; Eli Lilly
and Co.
Abbott
Laboratories







Moses et al.,
199987

Australia

Novo Nordisk
Pharmaceuticals

†

Germany; USA

Merck & Co.,
USA. One person

Nauck et al.,
200788







aspart (b.i.d.)
with
metformin
Glyburide
(titrated)
Rosiglitazone
(4mg8 mg/day)
Metformin
Glyburide
(5 mg)
Glyburide
(2.5 mg) +
metformin
Glyburide
(5 mg) +
metformin
metformin
Nateglinide
60 mg a.c.
Nateglinide
120 mg a.c.
Placebo a.c.
Pioglitazone
(15 mg q.d.)
Gliclazide
(80 mg q.d.)
Sibutramine
(15 mg/day)
Sibutramine
(20 mg/day)
Placebo
Rapaglinide
(0.5 mg–
4.0 mg
titration)
Placebo
Sitagliptin
(100 mg/day)

Treatment
Duration
(months)

Metformin
Monotherapy
Prior to
Studies
Dose at
Baseline
(mg/day)

Duration with
Stable Dose

Criteria for
Defining
Metformin
Monotherapy
Failure

Sample Size

8

≤1,700

≥3 months

FPG > 7.0
mmol/L

236

4

≥ 1,500

≥ 2 months

FPG ≥ 7 mmol/L

411

6

2,000

≥ 4 weeks

A1C ≥ 6.8%

467

12

50% of maximum
recommended or
maximum
tolerated dose

≥ 3 months

A1C ≥ 7.5%

630

12

1,250 (mean)

0.6 years
(range: 0.1-2.9)

Fasting serum
glucose > 7.0
mmol/L

194

4.5

1,800 ± 700 (SD)

4 ± 3 (SD) years

A1C > 7.1%

27

12

≥ 1,500

≥ 2 weeks

A1C ≥ 6.5% and
≤ 10%

1,172

‡
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Author, Year

Country

Sponsor

from the Merck
& Co.
contributed in
writing the
manuscript
Novo Nordisk

†

Nauck et al.,
200990

Multinational

Nauck et al.,
200689

German; Poland;
Demark

Novo Nordik A/S

Papathanassiou
et al., 200991

Greece

University of
Ioannina

Phillips et al.,
200392

Australia;
New Zealand

Bayer AG

†

USA

Amylin
Pharmaceuticals

Poon et al.,
200593

Interventions/
Comparators
(in
combination
with
Metformin)

Treatment
Duration
(months)

Metformin
Monotherapy
Prior to
Studies
Dose at
Baseline
(mg/day)

Duration with
Stable Dose

Criteria for
Defining
Metformin
Monotherapy
Failure

Sample Size

 Glipizide (5
mg/day)

 Glimepiride
(4 mg/day) +
placebo
(injection)
 Placebo
(tablets) +
placebo
(injection)
 Liraglutide
(either 0.6,
1.2 or
1.8 mg/day
injections)
 Liraglutide
(0.5 mg–2 mg)
 Metformin
 Liraglutide
(0.5 mg–2 mg
q.d.)
 Metformin
 Glimepiride
(2 mg-4 mg)
 Glimepiride
(4 mg q.d.)
 Pioglitazone
(30 mg q.d.)
 Acarbose
(titrated up to
100 mg b.i.d.)
 Placebo
 Exenatide
(2.5 µg b.i.d.)
 Exenatide

6.5

1,500-2,000
(forced titration)

≥3 weeks
(forced
titration)

A1C > 7%

366

1.25

≤ 2,000

FPG ≥ 9 mmol/L

36

6

NR

≥ 2 weeks.
(overall, 2
weeks to ≥ 3
months.
Metformin
monotherapy
run- in for 2
weeks for those
patients with
multiple OADs
at screening)
≥ 6 months of
metformin

A1C > 6.5%

14

6

1,700 (5004,000) (minmax)

≥ 3 months

A1C > 7%

83

1

Unspecified

NR

A1C ≥ 6.8%

71
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Author, Year

Country

Sponsor

Raskin et al.,
200794

USA

Novo Nordisk

Raz et al.,
200895

Israel;
USA

Merck & Co.,
Inc. Whitehouse
Station, NJ, USA

Ristic et al.,
200696

Multinational

Novartis Pharma

Ristic et al.,
200797

Switzerland

Norvatis, Basel

†

Rodger et al.,
199598

Canada

Bayer Canada,
Inc.

Rosenstock et
al., 199899

USA

Bayer
Corporation

†

10 European
countries

Grant from
Servier, France

Schernthaner
et al., 2004100

Interventions/
Comparators
(in
combination
with
Metformin)
(5.0 µg b.i.d.)
 Exenatide
(7.5 µg b.i.d.)
 Exenatide
(10.0 µg b.i.d.)
 Placebo
 BiAsp 30
(titrated)
 Insulin glargine
(titrated)
 Sitagliptin
(100 mg/day)
 Placebo
 Gliclazide
(80 mg-240
mg/day)
 Nateglinide
(60 mg-180 mg
TID)
 Gliclazide
(80, 160,
240 mg/day)
 Nateglinide
(60, 120,
180 mg a.c.)
 Acarbose
(titrated from
50 mg – 200 mg
a.c.)
 Placebo
 Acarbose (2550 mg t.i.d.);
 Placebo
 Gliclazide MR
30 mg -120 mg
daily);
 Glimepiride
(1 mg -6 mg
daily) alone or

Treatment
Duration
(months)

Metformin
Monotherapy
Prior to
Studies
Dose at
Baseline
(mg/day)

Duration with
Stable Dose

Criteria for
Defining
Metformin
Monotherapy
Failure

Sample Size

7

1,500-2,550
during 4 week
run-in period

4 week run-in
period

A1C > 8.0%

157

7.5

1,500

1.5 months

A1C ≥ 8% ≤ 11%;
FBG ≥ 7.2mmol/L
≤ 15.6 mmol/L

190

6

1,000

≥ 3 months

A1C 6.8-9.0%

262

12

1,000

≥ 2 months

A1C > 6.8%

NR

12

NR

NR

A1C > 7%

83

6

2,000-2,500

≥ 56 days

A1C > 7%

84

6.75

NR

≥ 3 months(for
metformin use
but not specific
to stable
metformin
therapy)

A1C 6.9%-11.5%

219
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Author, Year

Scott et al.,
2008101

Country

Sponsor

Multinational

Merck & Co.

Interventions/
Comparators
(in
combination
with
Metformin)




*†§Trautmann
et al., 2007107

USA; Australia;
United Kingdom

NR




Umpierrez et
al., 2006102

USA

Sanofi-aventis





Van Gaal et
al., 2001103

Belgium; Israel;
Austria; Czech
Republic

Bayer and
SanofiSynthélabo

*Von Bibra et
al., 2008104

Germany

NR







†

Wolever et
al., 1997105

Canada

Bayer Canada,
Inc.




in combination
with current
treatment
Rosiglitazone
(8 mg/day);
Sitagliptin
(100 mg/day);
Placebo
Exenatide
(5 µg b.i.d. x
4 weeks, then
10 µg b.i.d. x
12 weeks);
Glargine
Glimepiride
(2 mg-8
mg/day)
Pioglitazone
(30 mg45 mg/day)
Miglitol
(4 weeks x
25 mg t.i.d.;
12 weeks x
50 mg t.i.d.;
16 weeks x
100 mg t.i.d.)
Placebo
Glimepiride
(3 mg/day)
Rosiglitazone
(8 mg/day)
Acarbose
(50 mg-200 mg
t.i.d.)
Placebo

Treatment
Duration
(months)

Metformin
Monotherapy
Prior to
Studies
Dose at
Baseline
(mg/day)

Duration with
Stable Dose

Criteria for
Defining
Metformin
Monotherapy
Failure

Sample Size

4.5

≥ 1,500

≥ 10 weeks

A1C > 7%

273

4

NR

NR

NR

NR

6

1,000-2,500
or 500-2,000 for
extended
release

2 months

8

Unspecified
stable dose

> 3 months

A1C ≥ 7.5

153

4

1,600 ± 500 (SD)

NR

A1C 6.5-9.0%

13

12

NR

NR

A1C > 7%

83

Inadequate
control on
metformin, A1C
≥ 7.5%; FBG
≥ 7 mmol/L

210

A1C = glycosylated haemoglobin; a.c.= taken with meals; b.i.d. = twice daily; FBG = fasting blood glucose; FPG = fasting plasma glucose; min = minutes; NR = not reported;
*
†
‡
§
OADs = oral antidiabetes drugs; q.d. = once daily; SD = standard deviation; t.i.d. = three times daily. Crossover study; Subgroup data; Pooled values for all treatment arms;
Abstract
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APPENDIX 5: PATIENT CHARACTERISTICS OF INCLUDED STUDIES
Author, Year
*†Barnett et al., 200753
Blonde et al., 200955
Bolli et al., 200957
Bosi et al., 200758
* Brazg et al., 200759
Bunck et al., 200960
†
Charbonnel et al., 200562
Charbonnel et al., 200661
Charpentier, 200163
DeFronzo et al., 200564
DeFronzo et al., 200965
Einhorn et al., 200066
Feinglos et al., 200567
†
Ferrannini et al., 200968
Fonseca et al., 200069
‡
Frid et al., 2008106
†
Gao et al., 200970
Garber et al., 200671
Gomez-Perez et al., 200272
Goodman et al., 200973
Halimi et al., 200074
†
Hamann et al., 200875
†
Home et al., 200776
†
Home et al., 200977
Kaku et al., 200978
Khanolkar et al., 200879
Kilo et al., 200380
Kvapil et al., 200681
†
Leiter et al., 200582
Marre et al., 200283

Avg. Age (Years)

% Male

54.9
55.6
56.6
54.2
55.9
58.4
56.5
54.5
56.2
53.0
54.6
55.6
58.0
57.5
58.2
56.7
54.5
56.0
53.1
54.8
55.0
58.9
57.1
57.1
52.5
57.5
55.9
57.2
58.7
58.7

NA
52
63
43
35.7
65
50.0
57
59
60
50
57
47
53
68
NR
NR
60
24
58
55
NR
51
51
61
NR
52
50
62
52

Avg. Duration of DM
(Years)
7.46
5.13
6.4
6.26
6.6
4.89
5.65
6.2
5.76
5.9
6.53
NR
5.6
5.73
7.69
8
8
5.5
10.29
NR
9.25
6.35
6.2
6.2
5.06
NR
9.83
7.39
5.43
6.15

Second-Line Therapy for Patients With Diabetes Inadequately Controlled on Metformin:
A Systematic Review and Cost-Effectiveness Analysis

Avg. Baseline A1C (%)
8.95
7.98
8.40
8.35
7.7
7.5
8.62
7.98
6.55
8.23
8.08
9.81
NA
7.31
8.8
8.38
8.3
8.4
10
8.57
8.55
8
7.8
7.8
7.56
NA
9.43
9.35
7.5
7.87
68

Author, Year
Marre et al., 200284
Matthews et al., 200585
McNulty et al., 200386
Moses et al., 199987
†
Nauck et al., 200788
†
Nauck et al., 200990
Nauck et al., 200689
Papathanassiou et al., 200991
Phillips et al., 200392
†
Poon et al., 200593
Raskin et al., 200794
Raz et al., 200895
Ristic et al., 200696
Ristic et al., 200797
†
Rodger et al., 199598
Rosenstock et al., 199899
†
Schernthaner et al., 2004100
Scott et al., 2008101
*†‡Trautmann et al., 2007107
Umpierrez et al., 2006102
Van Gaal et al., 2001103
* Von Bibra et al., 2008104
†
Wolever et al., 1997105

Avg. Age (Years)

% Male

57.2
56.5
49.3
57.5
56.7
56.7
57.2
63.1
60.5
53.7
51.9
54.8
61.8
61.8
57.4
56.6
NR
55.1
54.9
53.7
57.9
59.0
57.4

58
NR
44
65
62
57
57
21
74
46
53
46
NR
53
64
54
NR
59
NR
55
45
67
NR

Avg. Duration of DM
(Years)
6.84
5.65
2
6.95
6.35
7.56
8.23
5.3
5.7
4
9.2
7.86
6.93
6.93
8.8
7.5
NR
4.97
7.46
5.42
NR
3
8.8

Avg. Baseline A1C (%)
8.14
8.62
NA
8.45
7.5
8.38
9.43
7.55
7.91
7.47
9.9
9.2
NA
7.6
7.85
8.32
NA
7.72
8.95
8.35
8.45
6.8
7.85

* Crossover study
† Subgroup data
‡ Abstract
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APPENDIX 6: QUALITY ASSESSMENT OF STUDIES
Study

Ahren et al.52
Barnett et al.

53

Appropriate
and Clearly
Focused
Question

Randomized
Assignment

Adequate
Concealment

Blinding of
Subjects
and
Investigators

Groups
are
Similar
at
Baseline

Only
Difference
Between
Groups is
Treatment
Under
Investigation

Standard,
Valid and
Reliable
Measurement
of
Outcome(S)

Drop Out
Rate is
Acceptable
(<20%)
And is
Comparable
Between
the Groups

ITT
Analysis
Performed

Comparable
Results for
Multi Study
Sites

Overall
QA

AA

NR

NAd

NR

AA

AA

AA

No

WC

NAd

Good(+)

AA

AA

AA

NAd

AA

AA

AA

Yes

AA

NAd

Good(+)

Berne et al.54

AA

AA

NAd

AA

PA

AA

WC

Yes

AA

NAd

Good(+)

Blonde et al.55

WC

WC

AA

NAd

WC

PA

AA

Yes

PA

NAd

Poor (-)

56

Bolli et al.

AA

NR

NAd

NR

AA

AA

AA

Yes

NAd

NAd

Poor (-)

Bolli et al.57

WC

WC

WC

AA

WC

WC

WC

No

PA

NAd

Poor (-)

Bosi et al.58

AA

NR

NAd

NR

AA

AA

AA

No

PA

NAd

Poor (-)

Brazg et al.59

AA

NR

NAd

AA

PA

AA

PA

Yes

NAd

NAd

Poor (-)

60

Bunck et al.

WC

AA

NAd

NAd

AA

AA

AA

Yes

WC

NAd

Poor (-)

Charbonnel et al.61

AA

NR

NAd

AA

AA

PA

AA

No

PA

NAd

Poor (-)

Charbonnel et al.62

AA

NR

NAd

AA

AA

AA

AA

No

AA

NAd

Good(+)

63

Charpentier et al.

AA

AA

AA

AA

AA

AA

AA

Yes

AA

NAd

Good(+)

DeFronzo et al.65

WC

WC

WC

AA

AA

AA

PA

No

AA

NAd

Good(+)

DeFronzo et al.64

AA

NR

NAd

AA

AA

AA

AA

Yes

WC

NAd

Good(+)

Einhorn et al.

WC

NR

NAd

NR

AA

WC

WC

No

AA

NAd

Poor (-)

Feinglos et al.67

AA

NR

NAd

NR

AA

WC

WC

Yes

WC

NAd

Poor (-)

Ferrannini68

WC

NR

NAd

AA

WC

PA

WC

Yes

PA

NAd

Poor (-)

Fonseca69

WC

WC

AA

AA

AA

WC

WC

Yes

AA

NAd

Good(+)

Gao et al.70

AA

AA

NAd

AA

AA

AA

PA

No

PA

NR

Poor (-)

Garber et al.71

AA

NR

NAd

WC

WC

WC

AA

Yes

PA

NAd

Good(+)
Poor (-)
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Gomez-Perez et al.72

AA

NR

NAd

AA

AA

WC

WC

No

PA

NAd

Goodman et al.73

AA

NR

NAd

NR

AA

AA

AA

No

PA

NAd

Poor (-)

Halimi et al.74

AA

NR

NAd

AA

AA

WC

WC

No

PA

NAd

Poor (-)

Hamann et al.75

AA

AA

AA

NR

AA

AA

AA

No

AA

NAd

Good(+)

77

AA

WC

AA

NAd

AA

PA

AA

NR

AA

NAd

Poor (-)

Home et al.76

AA

WC

AA

NAd

AA

PA

AA

No

AA

NAd

Poor (-)

Kaku78

AA

NR

NAd

AA

AA

WC

AA

Yes

AA

NAd

Poor (-)

Home et al.
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Study

Appropriate
and Clearly
Focused
Question

Randomized
Assignment

Adequate
Concealment

Blinding of
Subjects
and
Investigators

Groups
are
Similar
at
Baseline

Only
Difference
Between
Groups is
Treatment
Under
Investigation

Standard,
Valid and
Reliable
Measurement
of
Outcome(S)

Drop Out
Rate is
Acceptable
(<20%)
And is
Comparable
Between
the Groups

ITT
Analysis
Performed

Comparable
Results for
Multi Study
Sites

Overall
QA

Khanolkar et al.79

AA

NR

NAd

AA

AA

AA

PA

Yes

AA

NAd

Good(+)

Kilo et al.80

AA

NR

NAd

NAd

AA

AA

AA

Yes

PA

NAd

Poor (-)
Good(+)

81

AA

AA

AA

NAd

AA

AA

AA

Yes

PA

NAd

Leiter et al.82

AA

NR

NAd

NAd

AA

AA

PA

Yes

PA

NAd

Poor (-)

Marre et al.83

AA

NR

NAd

AA

AA

AA

AA

Yes

WC

NAd

Good(+)

Marre et al.84

AA

WC

AA

WC

WC

WC

WC

Yes

WC

NAd

Good(+)

Matthews et al.85

AA

NR

NAd

AA

AA

PA

NR

Yes

PA

NAd

Poor (-)

McNulty et al.86

AA

NR

NAd

AA

AA

PA

PA

No

AA

NAd

Poor (-)

Kvapil et al.

Moses et al.87

AA

NR

NAd

AA

AA

AA

AA

No

AA

NAd

Good(+)

Nauck et al.88

WC

NR

NAd

AA

WC

WC

AA

No

PA

NAd

Poor (-)

Nauck et al.89

AA

NR

NAd

NAd

AA

AA

AA

No

AA

NAd

Poor (-)

90

AA

AA

AA

AA

PA

PA

AA

No

PA

NAd

Poor (-)

AA

PA

NAd

NAd

WC

AA

AA

Yes

WC

N/A

Poor (-)

Nauck et al.

Papathanassiou et al.91
Phillips et al.92

AA

NR

NAd

WC

WC

WC

WC

Yes

AA

NAd

Good(+)

Poon et al.93

WC

NR

NAd

WC

AA

WC

PA

Yes

AA

NAd

Poor (-)
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Raskin

WC

NR

AA

NAd

WC

WC

AA

No

WC

NAd

Poor (-)

Raskin et al.94

WC

NR

AA

NAd

AA

WC

AA

No

WC

NAd

Poor (-)

Raz et al.95

WC

WC

NAd

NR

AA

PA

AA

Yes

AA

NAd

Poor (-)

96

Ristic et al.

WC

WC

AA

WC

WC

AA

AA

Yes

AA

NAd

Good(+)

Ristic et al.97

WC

WC

WC

WC

AA

WC

WC

No

AA

NAd

Good(+)

AA

NR

NAd

AA

PA

AA

PA

NR

PA

NAd

Good(+)

Rosenstock et al.

AA

NR

NAd

AA

WC

WC

WC

Yes

PA

NAd

Poor (-)

Schernthaner et al.100

AA

AA

NAd

WC

NAd

WC

WC

Yes

PA

NAd

Poor (-)

Scott et al.101

AA

NR

NAd

AA

AA

AA

AA

Yes

PA

NAd

Poor (-)

Rodger et al.98
99

Umpierrez et al.

102

WC

NR

NAd

NAd

AA

AA

AA

Yes

AA

NAd

Poor (-)

Van Gaal et al.103

WC

AA

NAd

AA

WC

AA

AA

No

AA

NAd

Good(+)

Von Bibra et al.104

WC

NR

NAd

AA

PA

AA

WC

Yes

PA

NAp

Poor (-)

AA

NR

NAd

AA

PA

AA

AA

NR

PA

NAd

Poor (-)

Wolever et al.

105

AA = adequately addressed; NAd = not addressed; NAp = not applicable; NR = not reported; PA = poorly addressed; QA = quality assessment; WC =well-covered.
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APPENDIX 7: SUMMARY OF EXISTING SYSTEMATIC
REVIEWS
Where possible, the Canadian Agency of Drugs and Technolgies in Health (CADTH) builds on
existing applicable Canadian and international initiatives and research. Therefore, the first
stage in the research process was to conduct a literature search for existing systematic
reviews that have examined the use of oral antidiabetes agents in diabetes mellitus.
Several major databases (MEDLINE, CINAHL, Embase, BIOSIS, and PsycINFO) were searched to
identify systematic reviews, health technology assessments, and meta-analyses. Two
reviewers independently selected systematic reviews for consideration based on predefined
inclusion and exclusion criteria. The methodological quality of selected systematic reviews
was assessed independently by two reviewers using the AMSTAR instrument.353 Based on the
scope and quality of each review, two reviewers determined whether the selected
publications could be used as a basis for CADTH to develop recommendations for the optimal
prescribing and use of second-line therapies for patients inadequately controlled on
metformin monotherapy. Details regarding the search strategy, selection process, and quality
assessment are provided in the project protocol.44
Summary of Systematic Reviews Regarding the Use of Second-Line Diabetes Therapies
Author and Year
of Publication
Amori, et al.
2007134

Belsey, et al.
2008354

Quality
Score
7/11

5/11

No. of Studies
Included
29 RCTs

6 RCTs

Key Results
Glycemic control:

GLP-1 analogues vs. placebo: WMD –0.97%

(95% CI, –1.13%, –0.81%)

DPP-4 inhibitors vs. placebo: WMD –0.74%

(95% CI, –0.85%, –0.62%)

Incretins were non-inferior to other agents.
Body weight:

GLP-1 analogues vs. placebo: -1.4 kg

GLP-1 analogues vs. insulin: -4.8 kg

DPP-4 inhibitors were weight neutral.
Adverse events:

GLP-1 analogues had more GI side effects (risk
ratio, 2.9

[95% CI, 2.0-4.2] for nausea and 3.2 [95% CI, 2.54.4] for vomiting).
Note: this review combined studies with various active
comparators, as well as placebo, into single metaanalyses (e.g., sulfonylureas vs. meglitinides is pooled
with sulfonylurea vs. placebo). Given this high degree of
methodological heterogeneity, the results should be
interpreted with caution.
Glycemic control:

Adding sulfonylureas to metformin therapy
resulted in a pooled estimate for change in A1C
from baseline of (WMD [95%CI]) -0.9% (0.7, 1.1).
Body weight:

Mean weight change ranged from a gain of 2.5 kg
relative to metformin + sitagliptin to a reduction
of -0.1 kg for metformin + pioglitazone.
Hypoglycemia:

The odds of experiencing a hypoglycemic event was
significantly higher in sulfonylurea-treated patients
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Summary of Systematic Reviews Regarding the Use of Second-Line Diabetes Therapies
Author and Year
of Publication

Quality
Score

No. of Studies
Included

Black, et al.
2007144

9/11

15 RCTs

Bolen, et al.
2007133

10/11

216 controlled
trials and
cohort studies
and 2
systematic
reviews

Goudswaard, et al.
2004355

10/11

20 RCTs

Key Results
than in those on comparator treatments OR [95% CI]
5.3 [1.7, 16.3]).
Glycemic control:

Repaglinide vs. placebo (decrease in A1C = 0.1 to
2.1%)

Repaglinide vs. metformin (similar efficacy in
reducing A1C)

Nateglinide vs. placebo (decrease in A1C = 0.2 to
0.6%)

Nateglinide vs. metformin (decrease of A1C =
0.5% vs. 0.8%)
Glycemic control:

TZD plus metformin vs. sulfonylurea plus
metformin: 2 RCTs, results showed no consistent
effect favouring one of the combination arms.

Metformin vs. metformin plus TZDs: four RCTs,
greater improvement with combination 0.62%,
(95% CI, 0.23, 1%).

Metformin vs. metformin plus sulfonylurea: 11
RCTs, results favours combination therapy, 1%
(95% CI, 0.76, 1.34).
Body weight:

TZD plus metformin vs. sulfonylurea plus
metformin: 2 RCTs, results favoured combination
of TZD plus metformin (range -1.5 to -1.4 kg).

Metformin vs. metformin plus TZD: 2 RCTs,
combination caused mean weight gain 0.7 to 1.9 kg,
while metformin caused weight loss.

Metformin vs. metformin plus sulfonylurea: 10 RCTs,
favoured metformin monotherapy, -2.4 kg (95% CI,
-3.6, 1.1).
Hypoglycemia:

TZD plus metformin vs. sulfonylurea plus
metformin: 1 RCT, more incidence of patient
with hypoglycemia in those taking sulfonylurea
plus metformin than TZD plus metformin.

Metformin vs. metformin plus TZD: 3 RCTs, no
difference between groups.

Metformin vs. metformin plus sulfonylurea: 9 RCTs,
less incidence of patient with hypoglycemia with
metformin compared with metformin plus
sulfonylurea, RR (95% CI), -0.14 (-0.21, -0.07).
Glycemic control:

Insulin-OAD combination therapy had statistically
significant benefits on glycemic control over
insulin monotherapy only when the latter was
applied as a once-daily injection of NPH insulin.

Twice-daily insulin monotherapy (NPH or mixed
insulin) provided superior glycemic control to
insulin-OAD combination therapy regimens where
insulin was administered as a single morning
injection.

Regimens utilizing OADs with bedtime NPH
insulin provided comparable glycemic control to
insulin monotherapy (administered as twice
daily, or multiple daily injections).
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Summary of Systematic Reviews Regarding the Use of Second-Line Diabetes Therapies
Author and Year
of Publication

Quality
Score

No. of Studies
Included

Monami, et al.
20084

2/11

27 RCTs

Richter, et al.
2008143

8/11

25 RCTs

Key Results
Hypoglycemia:

Of the 14 studies (22 comparisons) reporting
hypoglycemia, 13 demonstrated no significant
difference in the frequency of symptomatic or
biochemical hypoglycemia between insulin and
combination therapy regimens.
Other outcomes:

No significant differences in quality of liferelated issues were detected. Combination
therapy with bedtime NPH insulin resulted in
statistically significantly less weight gain
compared to insulin monotherapy, provided
metformin was used.

Overall, insulin-OAD combination therapy was
associated with a 43% relative reduction in total
daily insulin requirement compared to insulin
monotherapy.
Glycemic control:
 Relative to placebo, sulfonylureas, alphaglucosidase inhibitors and TZDs reduced A1C (%)
(WMD [95%CI]) by 0.85 (0.78, 0.94), 0.61 (0.55,
0.67), 0.42 (0.40, 0.44), respectively.
 In direct comparisons, sulfonylureas induced a
greater reduction in A1C (0.17 [0.16, 0.1]) than
TZDs. There was no significant difference between
sulfonylureas and insulin.
Glycemic control:
 Sitagliptin and vildagliptin therapy, in comparison
with placebo, resulted in an A1C reduction of
approximately 0.7% and 0.6%, respectively.
 Data on comparisons with active comparators were
limited but indicated no improved metabolic
control following DPP-4 intervention in contrast to
other hypoglycemic agents.
Body weight:
 Sitagliptin and vildagliptin therapy did not result in
weight gain, but weight loss was more pronounced
following placebo interventions.
Hypoglycemia
 Overall, sitagliptin and vildagliptin were well
tolerated, no severe hypoglycemia was reported

A1C = glycosylated hemoglobin; CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GI = gastrointestinal;
GLP-1 = glucagon-like peptide 1; NPH = neutral protamine Hagedorn; OADs = oral antidiabetes drugs;
RCT = randomized controlled trial; RR = relative risk; TZD = thiazolidinedione; WMD = weighted mean difference.

Following our assessment of the seven systematic reviews that met our inclusion criteria, we
determined that none were sufficient to appropriately address our research questions. The primary
reasons for this can be summarized as follows:
 The time-effort requirements for adopting an existing review will be, at best, equivalent to
conducting our own review.
 Multiple reviews would be required to address our population.
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APPENDIX 8: INCLUSION AND EXCLUSION CRITERIA FOR
RCTS
Inclusion Criteria

Exclusion Criteria

Ahren et al.52

Author

Male or infertile female patients aged ≥ 30 years
diagnosed with type 2 diabetes ≥ six months
before enrollment and treated with a stable
dosage of metformin for ≥ three months were
included. Pre-randomization A1C while on
metformin monotherapy was required to be
between 7.0 and 9.5% (inclusive), and baseline
BMI was required to be between 20 and 35 kg/m2
(inclusive).

Barnett et
al.53

Type 2 diabetes, male and female, aged ≥ 30
years, Receiving treatments with either a stable
dose for immediate- or extended-release
metformin ≥ 1,500 mg/dL for 3 months, A1C
≥ 7.1% and ≤ 11.0%, BMI > 2.5 kg/m2 and < 40
kg/m2, body weight that has been stable (not
varying by > 10%) for ≥ 3 months.
Male and female, type 2 diabetes, receiving
treatment with metformin alone or metformin
and sulfonylurea, 30 years to 75 years, BMI of
28 kg/m2-40 kg/m2, A1C 6.5%-10%.

Type 1 or secondary forms of diabetes,
significant diabetes complications, clinically
significant cardiovascular abnormalities,
liver disease, acromegaly, asthma, major
skin allergies, or major gastrointestinal
surgery; fasting triglyceride levels
> 5.1 mmol/L or FPG < 6.1 or ≥13.3 mmol/L;
treated with any drugs considered possibly
able to affect results or their
interpretation.
NR.

Berne et al.54

Blonde et
al.55

Type 2 diabetes, aged 18-80, inadequate
glycemic control (A1C 7%-10%) on metformin
mono with stable met dose ≥ four weeks,
BMI 22-41 kg/m2, FPG <270 mg/dL.

Bolli et al.56

Patients who were diagnosed with type 2
diabetes and had A1C of 7.5%–11.0% at the
screening visit while receiving a stable dose of
metformin ≥1500 mg/day. Male and female
(non-fertile or of child-bearing potential using a
medically approved birth control method)
patients aged 18 years to 77 years, inclusive, BMI
of 22 kg/m2 –45 kg/m2, inclusive, and with FPG
of <15 mmol/L were eligible to participate.

Treatment with insulin, a recent myocardial
infarction, other significant peripheral
vascular, cardiac, respiratory, renal,
neurological, gastrointestinal, or endocrine
diseases or signs of fat-soluble vitamin
deficiencies. Those taking drugs influencing
appetite, resins, fish oil supplements, and
retinoids; A1C > 10%.
History of type 1 diabetes, diabetes from
pancreatic injury or secondary form, history
of myocardial infarction, coronary artery
bypass surgery or unstable angina within six
months, congestive heart failure needing
pharmacological intervention, pregnant or
lactating, liver disease, alanine or aspartase
transaminase ≥ 2.5 times the upper normal
limit, bilirubin >1.3 times upper normal
limit, any contraindications and warnings
according to metformin and the specific
thiazolidinedione.
Patients were excluded if they had a history
of type 1 or secondary forms of diabetes,
acute metabolic diabetic complications,
myocardial infarction, unstable angina or
coronary artery bypass surgery within the
previous six months. Congestive heart
failure (New York Heart Association Classes
I–IV) and liver disease such as cirrhosis or
chronic active hepatitis also precluded
participation. Patients with any of the
following laboratory abnormalities were also
excluded: alanine aminotransferase or
aspartate aminotransferase greater than
2.5 times the ULN, direct bilirubin >1.3
times the ULN, serum creatinine levels
≥132 μmol/L (males) or μ125μmol/L
(females), clinically significant abnormal
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Author

Inclusion Criteria

Bolli et al.57

Patients who were diagnosed with type 2
diabetes and had A1C of 7.5%–11.0% at the
screening visit while receiving a stable dose of
metformin ≥1,500 mg/day. Male and female
(non-fertile or of child-bearing potential using a
medically approved birth control method)
patients aged 18 years–77 years, inclusive, BMI
of 22 kg/m2–45 kg/m2, inclusive, and with FPG of
<15 mmol/L were eligible to participate.

Bosi et al.58

Type 2 diabetes who had been treated with
metformin monotherapy for ≥ three months and
who had been on a stable dose of ≥1,500 mg
daily for ≥ four weeks before visit one.
Participants were required to have A1C in the
range of 7.5%–11.0% at the screening visit, and,
if they were not at that time receiving their
maximum-tolerated dose, they agreed to
increase their metformin dose to 2,000 mg daily
at visit one. Male and female patients
(nonfertile or of child-bearing potential using a
medically approved birth control method) aged
18 years–78 years, inclusive, with a BMI in the
range of 22 kg/m2–45 kg/m2, inclusive, and with
FPG <15 mmol/L were eligible to participate.
Male and female, 25 years-75 years of age, type
2 diabetes, inadequate glycemic control on
metformin monotherapy at a stable doses of
≥ 1,500 mg/dL for ≥ six weeks, A1C ≥ 6.5% and
< 10%, FPG ≤ 240 mg/dL.

Brazg et al.59

Bunck et al.60

Ages 30 years-75 years, A1C 6.5%-9.5%,
BMI 25 kg/m2-40 kg/m2, metformin monotherapy
for 2 months at a stable dose.

Charbonnel
et al.61

Men and women (aged 18 years–78 years) with
type 2 diabetes and inadequate glycemic control
(defined by an A1C level ≥7% and ≤10%) while
taking metformin monotherapy at a stable dose
of at least 1,500 mg/day, either at entry into
the study or after a metformin dose-stable runin period, were eligible to be randomized.
Patients who were not currently taking an OAD,
were taking any OAD in monotherapy, or were
taking metformin in combination with another
OAD were potentially eligible to participate in
the study if their A1C level met the screening
criteria.

Exclusion Criteria
thyroid-stimulating hormone or fasting
triglycerides >7.9 mmol/L.
Patients were excluded if they had a history
of type 1 or secondary forms of diabetes,
acute metabolic diabetic complications,
myocardial infarction, unstable angina or
coronary artery bypass surgery within the
previous 6 months. Congestive heart failure
(New York Heart Association Classes I–IV)
and liver disease such as cirrhosis or chronic
active hepatitis also precluded
participation. Patients with any of the
following laboratory abnormalities were also
excluded: alanine aminotransferase or
aspartate aminotransferase greater than
2.5 times the ULN, direct bilirubin >1.3
times the ULN, serum creatinine levels
≥ 132 μmol/L (males) or 125 μmol/L
(females), clinically significant abnormal
thyroid-stimulating hormone or fasting
triglycerides >7.9 mmol/L.
History of type 1 or secondary forms of
diabetes, acute metabolic diabetes
complications within the past 6 months,
congestive heart failure requiring
pharmacologic treatment, myocardial
infarction, unstable angina, or coronary
artery bypass surgery within the previous six
months. Liver disease such as cirrhosis or
chronic active hepatitis also precluded
participation, as did renal disease or renal
dysfunction, as suggested by elevated serum
creatinine levels ≥132 μmol/L for male and
≥123 μmol/L for female subjects.
History of type 1 diabetes, C-peptide levels
≤ 0.8 ng/dL, heptic transaminases or
creatine phosphokinase more than twofold
upper limit of normal, elevated serum
creatine, BMI < 22 kg/m2 or > 40 kg/m2, any
medically significant cardiovascular event
within 6 months.
No OAD other than metformin within
3 months prior to screening, no changes in
other agents known to affect β-cell function
were allowed during the study.
Patients were excluded if they had a history
of type 1 diabetes, insulin use within
8 weeks of screening, renal function
impairment inconsistent with the use of
metformin, or a fasting plasma glucose (or a
fasting fingerstick glucose) at, or just
before, randomization >14.4 mmol/L
(260 mg/dL).
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Author

Inclusion Criteria

Exclusion Criteria

Charbonnel
et al.62

Male and female patients with type 2 diabetes
inadequately managed with metformin or
sulfonylurea monotherapy (at ≥ 50% of the
maximum recommended dose or at the
maximum tolerated dose for ≥ three months),
age 35 years–75 years; A1C 7.5%–11.0%; fasting
C-peptide levels ≥0.50 mmol/L (1.5 ng/mL); and
stable or worsening glycemic control for
≥ 3 months prior to screening.

Charpentier
et al.63

Patients aged 35 years-70 years with type 2
diabetes inadequately controlled by metformin
monotherapy for ≥ 4 weeks (FBG: 7.8-13.9
mmol/L), and with a serum creatinine
< 110 μmol/L were recruited. Newly diagnosed
patients (< 1 year) were included provided that
BMI was ≥ 23.0 kg/m2 for female patients or
≥ 25.0 kg/m2 for male patients, without any
evidence or history of spontaneous weight loss
or ketonuria associated with glucosuria.

DeFronzo et
al.64

19 years–78 years of age with type 2 diabetes
treated with metformin monotherapy, FPG
<13.3 mmol/L (<240 mg/dL), BMI of
27 kg/m2–45 kg/m2, and A1C of 7.1%–11.0%. The
metformin dose was ≥1,500 mg/day for 3 months
before screening. Subjects were weight-stable
(±10%) for 3 months before screening, with no
clinically significant abnormal laboratory test
values (> 25% outside normal laboratory values).
Female subjects were postmenopausal,
surgically sterile, or using contraceptives for 3
months before screening and continuing
throughout the study.
Men and women with type 2 diabetes; A1C ≥7.0%
and ≤ 10.0%; stable dose of metformin (≥ 1,500
mg/day, but not > 2,550 mg/day) for at least
8 weeks prior to screening, fasting C-peptide
concentration ≥1.0 ng/mL, aged 18 years-77
years, and BMI ≤40 kg/m2.

Type 1 diabetes, ketoacidosis, symptomatic
heart failure, acute malabsorption or
chronic pancreatitis, familial polyposis coli,
malignant disease in the previous 10 years,
substance abuse or myocardial infarction,
transient ischemic attacks or stroke in the
previous 6 months, or were pregnant.
Patients previously treated with insulin,
gliclazide, pioglitazone, or other
sulphonylureas or TZDs were not eligible for
entry into the pioglitazone vs. gliclazide
addition to metformin study, and patients
treated with insulin, metformin,
pioglitazone, or other TZDs were not
eligible for entry into the pioglitazone vs.
metformin addition to sulfonylurea study.
Secondary or insulin-dependent diabetes,
any severe chronic disease, grade 3
overweight (BMI was ≥ 40.0 kg/m2), history
of major cardiovascular events in the last
6 months, allergy to sulfonylurea, or drugs
or alcohol abuse. Treatment with any other
antidiabetic drugs other than metformin
chlorhydrate, or with miconazole, systemic
corticosteroid or any other investigational
treatment in the four weeks before entry to
the study was prohibited. Dose of
concomitant treatment with
antihypertensive or lipid-lowering therapy
required to remain constant.
Use of sulfonylureas, meglitinides,
thiazolidinediones, alpha-glucosidase
inhibitors, exogenous insulin therapy,
weight-loss drugs, corticosteroids, drugs
known to affect gastrointestinal motility,
transplantation medications, or any
investigational drug, or evidence of
clinically significant comorbid conditions for
3 months before screening.

DeFronzo et
al.65

Poorly controlled diabetes; history of
diabetic ketoacidosis or hyperosmolar
nonketotic coma; use of any other any
hyperglycemic medication (8 weeks prior) or
insulin (one year prior); cardiovascular
event within 6 months before study entry or
New York Heart Association stage III/IV
congestive heart failure and/or known left
ventricular ejection fraction ≤ 40%; chronic
or repeated intermittent corticosteroid
treatment; history of alcohol or drug abuse
within the previous year; treatment with
potent systemic cytochrome P450 3A4
inhibitors or inducers; active liver disease
and/or clinically significant abnormalities
on screening tests of hepatic function; or an
assessment of an immunocompromised
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Author

Inclusion Criteria

Einhorn et
al.66

Type 2 diabetes; stable dose of metformin for
≥ 30 days; BMI 25 kg/m2-45 kg/m2 at screening;
A1C ≥ 8.0%; and fasting C-peptide level
>1.0 ng/mL.

Feinglos et
al.67

Male and female patients, aged between 30
years and 81 years with type 2 diabetes of at
least 6 months duration, moderately (A1C 7.0%8.5%), but inadequately controlled with
metformin monotherapy at a dose of ≥ 1,000
mg/day, maintained for at least 3 months prior
to screening, and with a BMI of
27 kg/m2 -38 kg/m2 were eligible for the study.

Ferrannini et
al.68

Male and female (non-fertile or using medically
approved birth control), type 2 diabetes,
received metformin for ≥ three months and on
stable dose of ≥ 1,500 mg daily for a minimum of
≥ 4 weeks prior to visit 1, were aged 18-73, BMI
22 kg/m2-45 kg/m2.

Fonseca et
al.69

Persons between the ages of 40 and 80 years
with type 2 diabetes as defined by the National
Diabetes Data Group,12 with FPG concentrations

Exclusion Criteria
state. Pregnant or breast-feeding women
were excluded.
Patients with a history of ketoacidosis or
with unstable or rapidly progressive diabetic
retinopathy, nephropathy, or neuropathy,
impaired liver function, impaired kidney
function, or anemia were excluded. Patients
with unstable cardiac conditions (e.g. New
York Heart Association Class III or IV,
congestive heart failure, history of
myocardial infarction, or stroke) or
cerebrovascular conditions within 6 months
of study.
Exclusion criteria: use of any other oral
glucose-lowering medication, including
thiazolidinediones, alpha-glucosidase
inhibitors, meglitinides, or other
sulfonylureas for the 12 weeks prior to
screening; insulin use for longer than 1 week
out of 12-week period; specific
contraindications to sulfonylureas,
sulfonamides, or biguinides; a history of
cardiovascular dysfunction within the
preceding 6 months of the study, significant
gastrointestinal dysfunction, substance
abuse or alcoholism; impaired liver
function; and impaired renal function.
Concomitant therapy with glucocorticoids
(other than topical or inhaled) was not
permitted, although other medications that
affect glucose homeostasis were permitted
if they had been administered in a stable
dosage during the preceding 6 months.
History of type 1 or secondary forms of
diabetes, experienced acute metabolic
diabetes complications 6 months prior,
acute infections that might affect blood
glucose control in the 4 weeks prior to visit
1, serious cardiac conditions (history of
torsades de pointes or ventricular
tachycardia; percutaneous coronary
intervention 3 months prior; myocardial
infarction, coronary artery bypass surgery,
unstable angina or stroke 6 months prior,
congestive heart failure requiring
pharmacological treatment; 2-or 3atrioventricular block or prolonged QTc) or
clinically significant liver or renal disease.
Laboratory abnormalities such as alanine
aminotransferase or aspartate
aminotransferase > 3 times ULN, direct
bilirubin > 1.3 times ULN, serum creatine
levels ≥ 132 µmol/L in men or ≥ 123 µmol/L
in women, clinically significant thryroidstimulating hormone outside of normal
range at screening; or fasting triglycerides
> 7.9 mmol/L.
Patients were excluded if they had clinically
significant renal or hepatic disease, angina,
New York Heart Association Class III or IV
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Author

Frid et al.106
Gao et al.70

Garber et
al.71

Gomez-Perez
et al.72

Goodman et
al.73

Inclusion Criteria

Exclusion Criteria

of between 7.8 mmol/L and 16.7 mmol/L
(140 mg/dL and 300 mg/dL) at screening and
during the placebo-maintenance period while
taking 2.5 g/d of metformin were eligible. All
patients demonstrated insulin secretory capacity
as determined by a fasting C-peptide
concentration of 0.27 nmol/L (0.8 ng/mL) or
more at screening. Subjects were required to
have a BMI, calculated as weight in kilograms
divided by the square of height in meters, of 22
to 38 and a weight change of no more than 10%
between screening and baseline. FPG >7.7
mmol/L at the end of 4 weeks-7 weeks
metformin maintenance period.
Not reported.
Male and female, 21 years to 75 years, treated
with a stable dose of one of the following for at
least 3 months prior to screening:
≥1,000 mg/day immediate-release metformin; or
metformin ≥1,000 mg/day and sulfonylurea or
sulfonylurea /metformin combination therapy.
A1C between 7.1% and 11.0%, inclusive.
BMI >21 kg/m2 and <35 kg/m2.

cardiac insufficiency, symptomatic diabetic
neuropathy, significant clinical abnormality
on electrocardiogram, abnormal laboratory
test results (blood chemistry, hematology,
or urinalysis), use of chronic insulin therapy,
participated in any rosiglitazone-related
study, or used any investigational drug
(excluding metformin) within 30 days of
study (or 5 half-lives of the investigational
drug, if longer than 30 days). Anorectic
agents were discontinued at least 30 days
before screening.

Adults (aged 20 years-78 years) with established
type 2 diabetes requiring oral therapy were
eligible for enrollment. Before screening,
patients were required to be on a stable dosage
of metformin ≥ 1,500 mg/day for > 8 weeks, A1C
levels 7%-12% and BMI 23 kg/m2-45 kg/m2. Only
patients willing and able to perform selfmonitoring of blood glucose were eligible.
Women with child-bearing potential had to
practice acceptable methods of birth control
and to have negative pregnancy test results
within 72 hours of study treatment.
Men and women of non-child-bearing potential
with type 2 diabetes were eligible for the study
providing they were 40-80 years of age, had a
fasting C-peptide level ≥0.8 ng/mL at screening,
and a fasting plasma glucose level ≥140 mg/dL
and ≤300 mg/dL at weeks 0 and 2 of the
metformin maintenance period, respectively.

Type 2 diabetes, male and female (nonfertile or
using appropriate birth control), baseline A1C of
7.5%-11%, receiving a stable dose of metformin
≥1500 mg/day for at least 3 months, aged 18-78,
BMI of 22 kg/m2 -40 kg/m2 and a FPG <270
mg/dL (<15 mmol/l), and agreeing to stay on the
same dose of metformin throughout the study.

Not reported.
Have participated in this study previously,
or any other study using exenatide or GLP-1
analogues, an interventional, medical,
surgical, or pharmaceutical study within
30 days of screening, have characteristics
contraindicating metformin or sulfonylurea
use, been treated with exogenous insulin for
more than 1 week within the 3 months prior
to screening, used drugs for weight loss
within one month of screening.
Marked polyuria, and polydipsia with > 10%
weight loss, the use of any hypoglycemic
agent other than metformin within 8 weeks
before screening, anemia (hemoglobin:
< 12.5 g/dL in men and < 11.0 g/dL in
women) and significant abnormal renal,
cardiac or hepatic dysfunction or disease.
Pregnant or nursing women and patients
with known sensitivity to any study
medication.
Clinically significant renal or hepatic disease
(serum creatinine >1.5 mg/dL for men or
>1.4 mg/dL for women or alanine
aminotransferase, aspartate
aminotransferase, total bilirubin or alkaline
phosphatase >2.5 the upper limit of the
normal laboratory value), anemia
(hemoglobin <11 g/dL for men or <10 g/dL
for women), severe cardiac disease, left
ventricular hypertrophy, and hypertension
(systolic blood pressure >180 mmHg or
diastolic blood pressure >110 mmHg). The
use of insulin and oral antidiabetic drugs
other than metformin was prohibited during
the study, as was the use of warfarin and
certain anti-obesity drugs.
Pregnant or lactating, history of type 2
diabetes, diabetes resulting from pancreatic
injury, or secondary forms of diabetes;
acute metabolic diabetic complications,
liver disease, significant renal dysfunction,
treatment with OADs other than metformin
within 3 months of study entry, chronic
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Author

Inclusion Criteria

Halimi et
al.74

Men and non-pregnant women diagnosed with
type 2 diabetes, defined according to WHO
criteria, for at least 1 year before the start of
the study. 30 years-70 years of age, body mass
index ≥ 25.0 kg/m2 and ≤35.0 kg/m2, and have
poor glycemic control (A1C = >7.0% and <11.0%)
despite receiving metformin 850 mg/day for at
least 2 months, serum creatinine level below
135 μmol/L, transaminases, alkaline phophatase
and bilirubin liver function parameters less than
twice the upper limit of normal, a γ-GT liver
function test less than three times the upper
limit of normal, and a fasting C-peptide value of
≥ 0.20 μg/L.

Hamann et
al.75

Overweight (BMI ≥ 25 kg/m2) men and women
with type 2 diabetes, A1C ≥7% and <10% having
received metformin (≥ 850 mg/day) for ≥ eight
weeks prior to screening.

Home et al.76

Type 2 diabetes, inadequately controlled on
metformin or sulphonylureas, aged 40 years–
75 years, BMI > 25.0 kg/m2, A1C > 7.0%–9.0%

Exclusion Criteria
insulin treatment within the past 6 months,
any of the following laboratory
abnormalities: alanine aminotransferase or
aspartate aminotransferase > than 2 times
the ULN, total bilirubin >than 2 times the
ULN, serum creatinine levels ≥1.5 mg/dL
(males) or 1.4 mg/dL (females) or a history
of abnormal creatinine clearance.
Nursing mothers, seeking to become
pregnant, participated in a clinical study
during the previous 30 days, any of the
following clinically unstable conditions that
could impact the patient's response to
acarbose or metformin: cardiac, pulmonary,
hepatic, renal, gastrointestinal,
neurological, or psychiatric. Patients were
also excluded if they were showing signs of
type 1 or secondary diabetes, taking
intestinal adsorbents, neomycin,
preparations containing gastrointestinal
enzymes or any antidiabetic drug other than
metformin, or has taken one or more
prohibited medications during the two
months before the study.
Any oral antidiabetes drug other than
metformin in the prior 12 weeks, insulin at
any time other than during pregnancy or for
emergency treatment, history of metabolic
acidosis, edema requiring pharmacological
treatment (either ongoing or within the
prior 12 months), anemia (hemoglobin
<11.0g/dL for men and <10.0 g/dL for
women), renal or hepatic disease, known
congestive heart failure, unstable or severe
angina, history of myocardial infarction,
percutaneous transluminal coronary
angioplasty, coronary artery bypass graft or
cerebrovascular accident within three
months, left ventricular dysfunction within
six months of screening, fasting C-peptide
<0.5 nmol/L, systolic blood pressure
>170 mmHg or dystolic blood pressure
>100 mmHg while on antihypertensive
medication.
Using other glucose-lowering therapies; use
of a combination of two or more oral
glucose-lowering agents within 6 months;
use of insulin, except for pregnancy,
intercurrent illness, or stabilization;
previous use of any PPARγ agonist.
Hospitalization for a major CV event in the
last 3 months; scheduled major CV
intervention, or gangrene; diagnosed or
receiving medication specifically for heart
failure (except diuretics alone); systolic or
diastolic blood pressure >180/105 mmHg, on
therapy if used; fasting serum triglycerides
>12.0 mmol/L; serum creatinine >130
μmol/L (>1.47 mg/dL); ALT, AST, total
bilirubin, or alkaline phosphatase ≥2.5 times
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Author

Inclusion Criteria

Home et al.77

Type 2 diabetes, inadequately controlled on
metformin, aged 40 years–75 years,
BMI > 25.0 kg/m2, A1C > 7.0%–9.0%.

Kaku78

Type 2 diabetes, aged 20 years-65 years,
metformin monotherapy.

Khanolkar et
al.79

Male and female, aged 36 years-71 years,
A1C > 6.5%, on metformin monotherapy.

Exclusion Criteria
the upper limit of normal; hemoglobin
<11.0 g/dL for males or <10.0 g/dL for
females or hemoglobinopathy interfering
with valid A1C assay;
contraindication/intolerance to metformin,
glyburide, gliclazide, or glimepiride; preexisting medical condition judged to
preclude safe participation in the study;
abuse of alcohol or drugs, or presence of
any condition that may lead to poor
adherence to study protocols; recent use of
an investigational drug; pregnancy, breastfeeding, or planning pregnancy.
Using other glucose-lowering therapies; use
of a combination of two or more oral
glucose-lowering agents within 6 months;
use of insulin, except for pregnancy,
intercurrent illness, or stabilization;
previous use of any PPARγ agonist.
Hospitalization for a major cardiovascular
event in the last 3 months, scheduled major
cardiovascular intervention, or gangrene;
diagnosed or receiving medication
specifically for heart failure (except
diuretics alone); systolic or diastolic blood
pressure >180/105 mmHg, on therapy if
used; fasting serum triglycerides
>12.0 mmol/L; serum creatinine >130
μmol/L (>1.47 mg/dL); ALT, AST, total
bilirubin, or alkaline phosphatase ≥2.5 times
the upper limit of normal, hemoglobin
<11.0 g/dL for males or <10.0 g/dL for
females or hemoglobinopathy interfering
with valid A1C assay;
contraindication/intolerance to metformin,
glyburide, gliclazide, or glimepiride; preexisting medical condition judged to
preclude safe participation in the study;
abuse of alcohol or drugs, or presence of
any condition that may lead to poor
adherence to study protocols; recent use of
an investigational drug; pregnancy, breast
feeding, or planning pregnancy.
Type 2 diabetes, impaired hepatic function,
renal insufficiency, cardiac failure or other
serious heart disease, cerebrovascular
disease, cancer, severe lung,
gastrointestinal, pancreatic, or
hematological disorders; also history of
lactic acidosis/ketoacidosis/diabetic coma
(or pre-coma within the preceding
26 weeks), or with a history of drug
dependency.
Smokers, history of overt cardiovascular
disease/cardiac failure, microalbuminuria,
on antiplatelet medications
(aspirin/clopidogrel/dipyridamole) or nonsteroidal anitinflammatory drugs, those with
significantly abnormal liver function tests
(baseline alanine transaminase > 2 times the
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Author

Kilo et al.80

Kvapil et
al.81

Leiter et al.82

Marre et al.83

Marre et al.84

Inclusion Criteria

Men or woman, 18 yearsor older, with type 2
diabetes and body weight ≤ 100 kg and
BMI ≤ 40 kg/m2. The patients were naive to
insulin treatment at the screen, patients had
inadequate glycemic control (A1C ≥ 7.5%) on a
regimen of ≥ 3 months of metformin as
monotherapy or in combination with a
sulfonylurea or repaglinide. At the end of run-in
period: FBG > 126 mg/dL (FPG > 7.8mmol/L).
Type 2 diabetes, ≥850 mg/day metformin for at
least 1 month.

Type 2 diabetes, aged 20-80 years, baseline
FPG ≥7 mmol/l, A1C ≤9.5% treated with
metformin for ≥ 3 months at stable dose ≤1700
mg/day.
FPG ≥ 7 mmol/L (126 mg/dL) despite treatment
with metformin monotherapy at a dose of
≥850 mg b.i.d. or ≥500 mg t.i.d., diet and
exercise for the 2-month period immediately
before enrollment. Additional inclusion criteria
included age > 18 years and BMI < 40 kg/m2.
Premenopausal female patients were included
subject to reliable contraception, a negative
pregnancy test, or having undergone
documented surgical sterilization.

Male and female, type 2 diabetes for at least 6
months, treated with metformin for ≥ 3 months
at a dose of >1,500 mg/day for at least 4 weeks
before study entry, ≥ 30 years, BMI 20-35 kg/m2,
A1C 6.8%-11%.

Exclusion Criteria
upper limit of normal), female patients of
child-bearing age likely to get pregnant
during or within 3 months after completion
of the study.
Significantly impaired hepatic (alanine
aminotransferase or alkaline phosphatase
≥ 2 times the upper limit) or renal function
(serum creatinine ≥ 1.4 mg/dL for women,
≥ 1.5 mg/dL for men) or significant cardiac
(decompensated heart failure), New York
Heart Association Class III or IV, unstable
angina pectoris, or a myocardial infarction
within 12 months.
Patients with significant medical problems
such as proliferative retinopathy, impaired
hepatic or renal function, recurrent
hypoglycemia, cardiac disease, anemia, or
change in dose of medications known to
interfere with glucose metabolism.
Any clinical finding that would have
precluded patients taking metformin and/or
rosiglitazone (according to product
monographs).
Patients were excluded for renal disease or
dysfunction (serum creatinine > 127 µmol/L)
or if they suffered from hypoxic states, such
as cardiovascular collapse, acute heart
failure, myocardial infarction, or any
condition characterized by hypoxemia (e.g.,
any severe respiratory disturbance or
infection). Further exclusion criteria were
hepatic dysfunction (serum glutamicoxaloacetic transaminase or serum
glutamic-pyruvic transaminase above twice
the upper normal level), history of
metabolic acidosis including diabetic
ketoacidosis, known hypersensitivity to
metformin or glyburide, a history of cancer
of any type (excepting basocellular cancer
that had been treated successfully at least
2 years prior to the study), pregnancy or
lactation, excessive alcohol intake, major
disease problems, drug addiction, or
concomitant treatment with other antidiabetic drugs.
FPG ≥ 15 mmol/L at 4 or 2 weeks prior to
study, patients with significant diabetic
complications, such as gastroparesis or renal
impairment (serum creatinine >120 µmol/L
females or >133 µmol/L for males), patients
who had significant changes in body weight
during the run-in period (>5%), significant or
unstable cardiac abnormalities, liver
function abnormalities (cirrhosis, chronic
hepatitis or persistent elevations in liver
enzymes), or who were treated with
antidiabetic agents other than metformin
(including insulin) 3 months before the start
of the study.

Second-Line Therapy for Patients With Diabetes Inadequately Controlled on Metformin:
A Systematic Review and Cost-Effectiveness Analysis

82

Author

Inclusion Criteria

Exclusion Criteria

Matthews et
al.85

Male and female patients with type 2 diabetes,
inadequately managed with metformin alone (at
≥50% of the maximum recommended dose or at
the maximum tolerated dose for at least 3
months), were screened. Entry criteria included
the following: age between 35 and 75 years,
inclusive; HbA1c of ≥7.5% or ≤11.0%; fasting
C-peptide of ≥1.5 ng/mL (0.50 nmol/L) and
stable or worsening glycemic control for
≥3 months prior to screening.

McNulty et
al.86

Type 2 diabetes (absence of ketonuria, rapid
preceding weight loss, or need for insulin
treatment), diabetes duration for greater than
six months, BMI ≥27 kg/m2, duration of
metformin treatment of 3 months to 2 years,
fasting serum glucose 7.0 mmol/L–15.0 mmol/L,
and aged 25 years–70 years.

Moses et al.87

Men or women with type 2 diabetes treated with
metformin alone (1 g/day -3 g/day) for more
than 6 months who had not achieved optimal
glycemic control (A1C >7.1%). Additional
inclusion criteria were aged 40-75 years and BMI
≥ 21 kg/m2.

Nauck et
al.88

Patients with type 2 diabetes on a variety of
different regimens at screening were allowed to
participate. Men and women, aged 18 years-78
years, already on metformin monotherapy
≥ 1,500mg/day or switching to metformin
monotherapy treatment titration and dosestable period for at least 8 weeks (currently not
on an OAD, or an OAD other than metformin
monotherapy ≥ 1,500mg/day, or on metformin in

Exclusions included patients with type 1
diabetes; ketoacidosis, myocardial
infarction, transient ischemic attacks or
stroke in the previous 6 months;
symptomatic heart failure; acute
malabsorption or chronic pancreatitis;
familial polyposis coli; malignant disease in
the previous 10 years; or substance abuse.
Female patients had to be postmenopausal,
sterilized or using satisfactory
contraception, and pregnant or breastfeeding women were excluded. Previous
treatment with insulin, gliclazide,
pioglitazone, or other sulphonylureas or
TZDs was not permitted.
Current or previous evidence of ischemic
heart disease, heart failure, or stroke;
seated pulse rate >100 bpm; diastolic blood
pressure >95 mmHg; total fasting serum
cholesterol >7.8 mmol/L; fasting serum
triglycerides >5.6 mmol/L; serum creatinine
>120 μmol/L; serum liver enzymes or
bilirubin levels that exceeded twice the
upper limit of normal; weight change of
>3 kg during the preceding 3 months;
malignancy; and significant neurological or
psychiatric disturbances, including alcohol
or drug abuse. Excluded medications (within
the previous 3 months) were anorectic
agents, laxatives, β-agonists (other than
inhalers), cyproheptadine, phenothiazines,
antidepressants, antiserotoninergics,
barbiturates, antipsychotics, and oral
corticosteroids. Antihypertensive and lipidlowering drugs were permitted if treatment
was stable for at least 3 months. Women
were excluded if they were pregnant,
lactating, or of child-bearing potential and
not taking adequate contraceptive
precautions.
Clinically significant elevation in either
serum creatinine or liver transaminases,
vitamin B12 <150 pmol/L (associated with
hemoglobin <130 g/L in men or 119 g/L in
women), anemia, previous insulin
treatment, unawareness of hypoglycemia,
cardiac problems, uncontrolled
hypertension, alcohol or drug abuse, a
history of lactic acidosis, known
contraindications to metformin, and an
intention to become pregnant
No oral antidiabetes drugs within 3 months,
no changes in other agents known to affect
β-cell function were allowed during the
study. Type 2 diabetes, insulin use within 8
weeks of screening, renal function
impairment inconsistent with the use of
metformin, or FPG at or just prior to
randomization > 15.0 mmol/L.
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Author
Nauck et
al.89

Nauck et
al.90

Papathanassiou et
al.91

Inclusion Criteria
combination with another OAD), A1C ≥ 6.5% and
≤ 10%.
At screen: 1. Type 2 diabetes at least for 1 year,
aged 18 years-70 years, at least 50% maximal
dose of maximal dose of one or two OADs except
TZD use in last 3 months, BMI 25-40 kg/m2, A1C
8%-13%. 2. At run-in period on metformin
treatment (1,000 mg b.i.d.) at least 2 weeks,
FPG > 10 mmol/L.
Type 2 diabetes, aged 18 years–80 years, A1C
between 7% and 11% (pre-study OAD
monotherapy for ≥ 3 months) or between 7% and
10% (pre-study combination OAD therapy for
≥3 months), and BMI ≤ 40 kg/m2.
Type 2 diabetes treated only with metformin for
6 months, A1C >6.5%, normal liver enzymes and
renal function.

Phillips et
al.92

Type 2 diabetes for at least 6 months
insufficiently controlled by metformin (stable
dose ≥ 3 months), aged ≥ 40 years, BMI of
25 kg/m2-35 kg/m2, A1C 7-10%, 80%-120%
compliant during the run-in period.

Poon et al.93

Male and female, type 2 diabetes, aged
18 years-65 years, treated with stable dose of
metformin for ≥ 3 months before screening, A1C
of 6.8%-9.0%, FPG of < 240 mg/dL, BMI of
27-45 kg/m2, history of stable body weight (not
varying > 10% for ≥ 3 months before screening),
no clinically relevant abnormal laboratory test
values, female subjects were postmenopausal,

Exclusion Criteria
Impaired liver function, renal function,
cardiac failure New York Heart Association
Class (III-IV), unstable angina pectoris, or
myocardial infarction within the last year.

Used insulin during the previous 3 months
(except short-term treatment).

History of coronary artery, cerebrovascular,
or peripheral vascular disease, chronic heart
failure, liver or renal disease, anemia,
thyroid dysfunction, new onset of
medications within previous 8 weeks.
Taken any antidiabetic medication other
than metformin during the last 3 months,
presence of significant diseases or
conditions, including emotional disorders
and substance abuse likely to alter the
course of diabetes or the patient’s ability to
complete the study; presence of
gastrointestinal diseases likely to be
associated with abnormal gut mobility or
altered absorption of nutrients; medication
causing a significant change in
gastrointestinal mobility and/or absorption;
treatment with preparations containing
digestive enzymes; conditions that might be
aggravated by abnormally large amounts of
gas in the intestine, including gastrocardiac
syndrome, significant hernias, intestinal
stenoses, and active ulcers; chronic
pancreatitis; or concomitant medication
affecting glucose homeostasis, such as
glucocorticoids within 8 weeks before
screening (ß-blockers, ACE-inhibitors, or
thiazide diuretics could be continued if
unchanged during the study and stable for
8 weeks before the study); uncontrolled
thyroid function, transaminases elevated
3 times the upper limit of normal, or serum
creatinine ≥2 mg/dL; infections likely to
affect glucose metabolism; pregnant or
lactating women; patients receiving any
other investigational drug or participating in
any other clinical study within 8 weeks
before screening.
Patients had received exogenous insulin
therapy, OADs other than metformin, or
prescription weight-loss agents within
3 months before screening; lipid-lowering
agents that had not been stable for a
minimum of 6 weeks before screening or
antihypertension agents that had not been
stable for a minimum of 4 weeks before the
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Author

Raskin et
al.94

Raz et al.95

Ristic et al.96

Ristic et al.97

Rodger et
al.98

Rosenstock
et al.99

Inclusion Criteria

Exclusion Criteria

surgically sterile, or using contraceptives before
screening and continuing throughout the study.

screening; or if they had evidence of
clinically significant comorbid conditions;
those receiving chronic systemic
glucocorticoid therapy or that had
participated within the prior 3 months in an
interventional medical, surgical, or
pharmaceutical study.
Women of child-bearing age were excluded
if they were pregnant, breastfeeding, or not
practicing contraception.

Aged 18 years–75 years and had a BMI ≤ 40
kg/m2, body weight < 125 kg (275 lbs), and an
A1C value ≥ 8%. All subjects were previously
treated with metformin, at least 1,000 mg/day,
as a single agent or in combination therapy for
at least 3 months before the trial.
At screening: 1. Type 2 diabetes, aged 18 years78 years, who were currently on metforminmonotherapy or any other single OAD, or
metformin in combination with another OAD if
A1C > 8% at the end of run-in period on
metformin 1.5 g alone for more than 6 weeks;
2. At the end of run-in period, A1c 8.0 %-11%,
FBG 7.2-15.6 mmol/L.
Type 2 diabetes for at least 6 months and had
received metformin monotherapy for at least
3 months; the patients also had to be on a
minimum metformin dose of 1,000 mg/day
continuously for at least 2 months prior to study
entry, but remain inadequately controlled by
medication, diet, and physical exercise. Other
inclusion criteria were a baseline A1C 6.8%–9.0%,
and BMI 20 kg/m2-35 kg/m2.
Type 2 diabetes diagnosed at least for 6 months;
metformin monotherapy for at least 3 months;
minimum dose of 1,000 mg/day for at least for
2 months; A1C 6.8-9%; BMI 20 kg/m2-35 kg/m2.
Men or women with non–insulin-dependant
diabetes for at least 6 months, at least
18 years of age, A1C > 7%, except for patients in
the diet only group (>6.5%).
Men and women 30 years of age with type 2
diabetes, inadequately controlled on diet plus
2,000 mg or 2,500 mg metformin daily, no other
pharmacological therapy for type 2 diabetes was
allowed for at least 56 days before screening,
willing to follow a diet appropriate for people
with diabetes, with at least 50% of calories
derived from carbohydrates, required to have an
A1C between 7% and 10%, stable body weight
(within 3 kg) for at least 4 weeks before
screening.

Patients treated with insulin within 8 weeks
prior to screening, treated with TZDs or
exenatide within 12 weeks; type 2 diabetes,
BMI < 20 kg/m2 or > 43 kg/m2 or FPG (during
run-in) consistently < 7.2 mmol/L or
> 15.6 mmol/L; patients who were pregnant
or breastfeeding.
Not reported.

Not reported.

Patients with debilitating diseases,
documented gastrointestinal disease,
lactose intolerance, or patients receiving
drugs that altered gastrointestinal motility
and/or absorption, and any glucocorticoid
therapy or lipid-lowering agents.
Significant diseases or conditions likely to
alter the course of the diabetes or the
patient’s ability to complete the study;
acute or chronic acidosis, persistent
ketonuria, or a history of ketoacidosis
(suggesting the need for insulin therapy);
documented gastrointestinal diseases likely
to be associated with abnormal gut motility,
altered absorption of nutrients, chronic
diarrheal states or chronic enteropathies;
chronic liver or kidney disease; inadequately
controlled hypertension (sitting blood
pressure160/90 mmHg); a myocardial
infarction within 2 months before screening;
history of excessive alcohol consumption;
serum creatinine levels 1.5 mg/dL for men
and 1.4 mg/dL for women; aspartate
aminotransferase or alanine
aminotransferase elevated 1.8 times the
normal level; low vitamin B12 levels;
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Author

Inclusion Criteria

Schernthaner
et al.100

Type 2 diabetes; treated with metformin at
least for 3 months; A1c 6.9%-11.5%;
aged >35 years old.

Scott et al.101

Men and women with type 2 diabetes (18 years–
75 years of age) who were taking metformin
monotherapy at a stable dose of ≥1,500 mg/day
for at least 10 weeks prior to the screening visit
and had inadequate glycemic control (A1C ≥7%
and ≤11%).

Trautmann et
al.107
Umpierrez et
al.102

Not reported.

Van Gaal et
al.103

Von Bibra et

Men and women aged 18 years-79 years with a
diagnosis of type 2 diabetes for at least
6 months, and who were taking stable doses of
metformin (1 g/day-2.5 g/day) or extended
release metformin (0.5 g/day-2.0 g/day) as their
only OADs for at least 2 months. All subjects
were required to have BMI ≥ 24, and A1C
7.5%- 10%, a FPG 126 mg/dL-235 mg/dL
(7-13 mmol/L) and C-peptide concentration
≥ 0.27 nmol/L during the stabilization period.
Type 2 diabetes for at least 1 year;
aged 30 years-75 years; inadequately controlled
by diet and metformin taken at a stable dose for
at least 3 months; A1C ≥ 7.5- ≤10.5; BMI 23
kg/m2-40 kg/m2; stable body weight (<5%
change) over the 3 months preceding
enrollment.

Type 2 diabetes of relative short duration,

Exclusion Criteria
hemoglobin 11 g/dL, or any hemoglobin
variant. Patients were not allowed
concomitant therapy with glucocorticoids,
other investigational drugs (during the study
or within 30 days before screening),
medications to lower serum lipids or blood
pressure (unless on a stable dose for at least
28 days before screening), or medications
that might significantly alter
gastrointestinal motility or absorption.
Women of child-bearing age who were
pregnant, who were unable or unwilling to
use effective birth control measures, or who
were nursing a child during the study were
also excluded. Patients with known
hypersensitivity to metformin or acarbose
were not allowed in the study.
Currently using insulin, TZD,
contraindication to the study drug, no
effective contraceptive in women with
child-bearing potential; elevated
trasaminase, calculated creatine clearance
<20ml/min (using Cockroft-Gault formula).
Type 1 diabetes, insulin use within 8 weeks
of the screening visit, any contraindications
for use of TZDs or metformin, impaired
renal function (creatinine clearance
<60 ml/min), alanine aminotransferase or
aspartate aminotransferase levels more than
twofold the upper limit of normal or a
fasting glucose value >270 mg/dL prior to
randomization.
Not reported.
History of substance abuse, severe
hypoglycemia, metabolic complications, or
clinical significant abnormal baseline lab
value including hematology, blood
chemistry, or urinalysis.

Medical conditions affecting the underlying
diabetes or interpretation of study results,
any other serious medical conditions
including hepatic or renal dysfunction,
decompensated heart failure, serious
hemopoietic disorders, or any
gastrointestinal disorders or medications
likely to affect gastrointestinal function.
Use of any oral antidiabetes drug other than
metformin within 30 days prior to
enrollment, or of diuretic and
glucocorticoids unless at a stable dose in
the 3 months prior to enrollment, was also
ground for exclusion.
Atrial fibrillation, ischemic heart disease,

Second-Line Therapy for Patients With Diabetes Inadequately Controlled on Metformin:
A Systematic Review and Cost-Effectiveness Analysis

86

al.

Author

Inclusion Criteria

Exclusion Criteria

104

taking metformin monotherapy, aged 35 years75 years, BMI 25 kg/m2-35 kg/m2, no major
complications of macrovascular disease, normal
systolic left ventricular function by 2dimensional echocardiography, blood pressure
normal or < 140/85 mmHg if treated, cholesterol
and triglyceride levels < 250 mg/dL (6.5 mmol/L
and 2.8 mmol/L, respectively), no signs of
microvascular complications and no albuminuria.
Men or women with non–insulin-dependant
diabetes for at least 6 months, at least 18 years
of age, A1C > 7%, except for patients in the dietonly group (>6.5%).

severe left ventricular hypertrophy, history
or signs of heart failure, hepatic and/or
renal insufficiency (creatine > 1.5 mg/dL).

Wolever et
al.105

Patients with debilitating diseases,
documented GI disease, lactose intolerance,
or patients receiving drugs that altered GI
motility and/or absorption, and any
glucocorticoid therapy or lipid-lowering
agents.

A1C = glycosylated hemoglobin; b.i.d. = twice daily; ALT = alanine transaminase; AST = aspartate transaminase; BMI = body mass
index; FPG = fasting plasma glucose; NR = not reported; OADs = oral antidiabetes drugs; RCTs = randomized controlled trials;
t.i.d. = three times daily; TZD = thiazolidinedione; ULN = upper limit of normal.
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APPENDIX 9: LIST OF RCTS REPORTED IN MULTIPLE
PUBLICATIONS
Author

Year

Sulfonylureas vs. Placebo
NAUCK et al.90
2009
FRID et al.106
2008
Alpha glucosidase inhibitors vs. placebo
WOLEVER et al.105
1997
RODGER et al.98
1995
Sulfonylureas vs. TZD
HOME et al.76
2007
HOME et al.77
2009
62
CHARBONNEL et al.
2005
85
MATTHEWS et al.
2005
DPP-4 inhibitor vs. TZD
BOLLI et al.56
2008
57
BOLLI et al.
2009
Meglitinides vs. sulfonylureas
RISTIC et al.97
2007
96
RISTIC et al.
2006
Insulins vs. GLP-1 analogues
BARNETT et al.53
2007
107
TRAUTMANN et al.
2007

Status

Companion Status

Full text
Abstract

Companion of Frid et al.106
Companion of Nauck et al.90

Full text
Full text

Companion of Rodger et al.98
Companion of Wolever et al.105

Full text
Full text
Full text
Full text

Companion of Home et al.77
Companion of Home et al.76
Companion of Matthews et al.85
Companion of Charbonnel et al.62

Full text
Full text

Companion of Bolli et al.57
Companion of Bolli et al.56

Full text
Full text

Companion of Ristic et al.96
Companion of Ristic et al.97

Full text
Abstract

Companion of Trautmann et al.107
Companion of Barnett et al.53

DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; TZD = thiazolidinedione; vs. = versus.
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APPENDIX 10: LIST OF EXCLUDED AND POOLED
TREATMENT ARMS
Studies and/or treatment arms excluded from the reference case (dosing below
DDD):












Hamann et al. 200875 — whole study
Feinglos et al. 200567 — whole study
Poon et al. 200593 — 2.5 μg/b.i.d. and 5 μg/b.i.d. treatment arms
Ahren et al. 200452 — whole study
DeFronzo et al.64 — 5 μg/b.i.d. treatment arm
Bosi et al. 200758 — 50 mg/day treatment arm
Fonseca et al. 200969 — 4 mg/day treatment arm
Gomez-Perez et al. 200272 — 4 mg/day treatment
Marre et al. 200284 — 60 mg/day treatment arm
Marre et al. 200283 — 2.5 mg treatment arm
Khanolkar et al. 200879 — whole study

Studies and/or treatment arms with excessive dosing:



DeFronzo et al. 200965 — 1 treatment arm (10 mg/day) excluded from all analyses
McNulty et al.86 — 1 treatment arm (20 mg/day) excluded from all analyses

Studies with pooled treatment arms:








Goodman et al.73 — AM and PM arms were pooled for all analyses (pooled for A1C and BW)
Poon et al. 200593 — 2.5 μg/b.i.d. and 5 μg/b.i.d. treatment arms were pooled for all low dose
SA (pooled for A1C)
Poon et al. 200593 — 7.5 μg/b.i.d. and 10 μg/b.i.d. were pooled for all analyses (pooled
for A1C)
DeFronzo et al. 200965— 2.5 mg/day and 5 mg/day arms were pooled for all analyses
(pooled for A1C)
Nauck et al. 200990 — Pooled 1.2 mg/day and 1.8 mg/day
Kilo et al. 200380 — Pooled for A1C and BW
McNulty et al. 200386 — Pooled 15 mg/day and 20 mg/day arms

A1C = glycosylated hemoglobin; b.i.d. = twice daily; BW = body weight; DDD = defined daily dose;
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APPENDIX 11: MTC EVIDENCE NETWORK DIAGRAMS

Class Level MTC Evidence Network for Hemoglobin A1C
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A1C = glycosylkated hemoglobin; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed
treatment comparison; RCTs = randomized controlled trials; TZD = thiazolidinedione.
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APPENDIX 12: FULL MTC RESULTS FOR A1C
This table presents the results of the MTC reference case and the pairwise meta-analyses of direct comparisons for A1C (40 RCTs;
N = 17,795). All values represent the difference in the change in A1C% from baseline between two treatment arms. The MTC
results are presented as the mean pooled estimate of effect (95% credible interval) and the direct comparisons as the mean
difference for the change in A1C from baseline (95% confidence interval). The table also presents the MTC results in the form of
the probability of achieving the largest reduction in A1C and the probability of achieving a reduction in A1C of ≥0.7% with each
individual treatment. The “Rank” represents the average ranking for each treatment relative to the others over the 40,000
simulations. For example, a lower number indicates that a particular treatment had the largest reduction in A1C for the majority
of simulations (relative to other treatments), while a higher number indicates that a treatment had the smallest reduction in A1C.
The results in this table were derived from the Class Level MTC evidence network.

Full MTC Results for A1C
No. of Trials

Metformin monotherapy vs:
Sulfonylureas
363,83,90
Meglitinides
284,87
TZDs
666,69,72,78,82,101
DPP-4 Inhibitors
658,61,65,73,95,101
Alpha574,92,98,99,103
glucosidase
inhibitors
GLP-1 analogues
464,89,90,93
Basal insulin
——
Biphasic insulin
——
Sulfonylurea vs:
Meglitinides
197
62,71,77,91,102,104
TZDs
6
DPP-4 inhibitors
268,88
Alpha——
glucosidase
inhibitors

No. of
Patients

I (%)

Direct Estimates
WMD (95% CI)

MTC Estimates*
(95% CrI)

Probability
of Largest
A1C
Reduction

Rank

Probability of
A1C
Reduction
(≥ 0.7%)

945
366
1217
2376
791

0
61.9
0
60.2
14.2

-0.80 (-1.00, -0.59)
-0.71 (-1.24, -0.18)
-0.96 (-1.18, -0.75)
-0.78 (-0.96, -0.60)
-0.74 (-0.94, -0.53)

-0.80 (-0.96, -0.65)
-0.64 (-0.92, -0.38)
-0.85 (-1.02, -0.69)
-0.77 (-0.92, -0.64)
-0.75 (-0.98, -0.51)

1.8%
1.5%
12.8%
1.4%
6.0%

4.6
6.9
3.3
5.2
5.5

90.2%
33.4%
96.5%
85.3%
64.4%

973
——
——

17.9
——
——

-0.75 (-0.96, -0.53)
——
——

-0.82 (-1.05, -0.60)
-0.82 (-1.16, -0.48)
-0.97 (-1.33, -0.62)

8.2%
7.9%
60.4%

4.1
4.3
2.1

86.7%
76.3%
93.9%

262
3421
3961
——

——
81.2
73.5
——

0.13 (-0.17, 0.43)
-0.02 (-0.25, 0.21)
0.05 (-0.05, 0.14)
——

0.16 (-0.13, 0.44)
-0.05 (-0.19, 0.09)
0.03 (-0.13, 0.17)
0.05 (-0.23, 0.33)

2

See above
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Full MTC Results for A1C
No. of Trials

GLP-1 analogues
190
Basal insulin
——
Biphasic insulin
181
Meglitinides vs:
TZDs
——
DPP-4 inhibitors
——
Alpha——
glucosidase
inhibitors
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
——
TZDs vs:
DPP-4 inhibitors
255,57
Alpha——
glucosidase
inhibitors
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
——
DPP-4 inhibitors vs:
Alpha——
glucosidase
inhibitors
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
——
Alpha-glucosidase inhibitors vs:
GLP-1 analogues
——
Basal insulin
——

2

No. of
Patients

I (%)

Direct Estimates
WMD (95% CI)

MTC Estimates*
(95% CrI)

727
——
230

——
——
——

-0.13 (-1.27, 1.02)
——
-0.20 (-0.49, 0.09)

-0.02 (-0.27, 0.22)
-0.02 (-0.36, 0.32)
-0.17 (-0.51, 0.16)

——
——
——

——
——
——

——
——
——

-0.21 (-0.50, 0.10)
-0.13 (-0.42, 0.17)
-0.10 (-0.46, 0.26)

——
——
——

——
——
——

——
——
——

-0.18 (-0.52, 0.17)
-0.18 (-0.59, 0.25)
-0.33 (-0.76, 0.11)

-0.1 (-0.16, -0.04)
——

0.08 (-0.08, 0.23)
0.11 (-0.18, 0.39)

——
——
——

0.03 (-0.23, 0.29)
0.03 (-0.32, 0.39)
-0.12 (-0.48, 0.23)

3166
——

——
——
——

0
——

——
——
——

——

——

——

0.03 (-0.24, 0.30)

——
——
——

——
——
——

——
——
——

-0.05 (-0.30, 0.21)
-0.05 (-0.39, 0.32)
-0.20 (-0.56, 0.16)

——
——

-0.08 (-0.40, 0.25)
-0.08 (-0.49, 0.34)

——
——

——
——

Probability
of Largest
A1C
Reduction

See above

Rank

Probability of
A1C
Reduction
(≥ 0.7%)
0.0%
0.0%
0.2%
0.1%
0.0%
0.1%

0.2%
0.7%
4.4%
See above

0.0%
0.0%

0.0%
0.0%
0.2%
See above

0.0%

0.0%
0.0%
0.4%
See above
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Full MTC Results for A1C
No. of Trials

No. of
Patients

2

I (%)

——

Direct Estimates
WMD (95% CI)

MTC Estimates*
(95% CrI)

——

-0.23 (-0.65, 0.20)

Probability
of Largest
A1C
Reduction

Rank

Probability of
A1C
Reduction
(≥ 0.7%)
1.5%

Biphasic insulin
GLP-1 analogues vs:
Basal insulin
Biphasic insulin

——

——

253,60
——

107
——

0
——

0.01 (-0.25, 0.28)
——

0.00 (-0.29, 0.30)
-0.15 (-0.50, 0.19)

See above

0.0%
0.2%

Basal insulin vs:
Biphasic insulin

280,94

297

51.9

-0.16 (-0.56, 0.25)

-0.15 (-0.45, 0.14)

See above

0.0%

A1C = glycosylated hemoglobin; CI = confidence interval; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment
comparison; RCT = randomized controlled trial; TZDs = thiazolidinediones; vs = versus; WMD = weighted mean difference.
* Model fit parameters: DIC = 33.85, residual deviance = 19.06
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APPENDIX 13: FULL MTC RESULTS FOR BODY WEIGHT
This table presents the results of the MTC reference case and the pairwise meta-analyses of direct comparisons for body weight
(30 RCTs; N = 15,265). All values represent the difference in the change in body weight from baseline between two treatment
arms. The MTC results are presented as the mean pooled estimate of effect (95% credible interval) and the direct comparisons as
the mean difference for the change in body weight from baseline (95% confidence interval). The “Rank” represents the average
ranking for each treatment relative to the others over the 40,000 simulations. For example, a lower number indicates that a
particular treatment had the least weight gain (or greatest weight loss) for the majority of simulations (relative to other
treatments), while a higher number indicates that a treatment had the largest weight gain. The table also presents the MTC
results in the form of the probability of achieving the largest reduction in body weight with each individual treatment.

Full MTC Results for Body Weight (kg)
No. of
Patients

I2 (%)

Direct Estimates WMD
(95% CI)

MTC Estimates
(95% CrI)

Probability of
Largest Weight
Reduction

Rank

501
366

0
88.7

1.79 (1.29, 2.28)
2.01 (-0.31, 4.32)

2.01 (1.10, 2.93)
1.80 (0.36, 3.28)

0.0%
0.0%

6.5
6.2

466,72,78,101
358,73,101
392,99,103

752
923
404

0
19.4
69.2

2.30 (1.93, 2.66)
0.70 (0.20, 1.21)
-0.90 (-1.92, 0.13)

2.59 (1.67, 3.51)
0.57 (-0.45, 1.61)
-0.91 (-2.35, 0.53)

0.0%
0.2%
20.9%

7.9
4.1
2.0

264,89
——
——

298
——
——

75.2
——
——

-1.58 (-3.53, 0.37)
——
——

-1.79 (-3.41, -0.15)
1.55 (-0.46, 3.61)
2.95 (0.95, 5.00)

78.7%
0.0%
0.0%

1.2
5.7
8.3

197

262
3408

——
96.4

-0.49 (-1.41, 0.43)
0.76 (-1.46, 2.99)

-0.21 (-1.76, 1.35)
0.58 (-0.30, 1.45)

268,88
——

3961
——

78.0
——

-2.11 (-2.81, -1.42)
——

-1.44 (-2.47, -0.42)
-2.92 (-4.64, -1.24)

189
——

72
——

——
——

-2.70 (4.29, -1.11)
——

-3.80 (-5.51, -2.09)
-0.46 (-2.47, 1.58)

No. of
Trials
Metformin monotherapy vs:
Sulfonylureas
363,83,89
Meglitinides
284,87
TZDs
DPP-4 inhibitors
Alpha-glucosidase
inhibitors
GLP-1 analogues
Basal insulin
Biphasic insulin
Sulfonylurea vs:
Meglitinides
TZDs
DPP-4 inhibitors
Alpha-glucosidase
inhibitors
GLP-1 analogues
Basal insulin

5

62,71,77,91,1
02
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Full MTC Results for Body Weight (kg)
No. of
Trials
Biphasic insulin
181
Meglitinides vs:
——
TZDs
——
DPP-4 inhibitors
——
Alpha-glucosidase
inhibitors
——
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
TZDs vs:
DPP-4 inhibitors
355,57,101
Alpha-glucosidase
——
inhibitors
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
——
DPP-4 inhibitors vs:
——
Alpha-glucosidase
inhibitors
——
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
Alpha-glucosidase inhibitors vs:
——
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
GLP-1 analogues vs:
Basal insulin
253,60
——
Biphasic insulin

No. of
Patients

I2 (%)

Direct Estimates WMD
(95% CI)

MTC Estimates
(95% CrI)

230

——

0.66 (-0.14, 1.46)

0.94 (-0.98, 2.88)

——

——
——
——

——

0.79 (-0.87, 2.42)
-1.23 (-2.94, 0.48)
-2.71 (-4.77, -0.68)

——

——

——
——
——

——

-3.59 (-5.74, -1.45)
-0.25 (-2.69, 2.21)
1.15 (-1.25, 3.59)

3421
——

83.2
——

-1.72 (-2.59, 0.84)
——

-2.02 (-3.02, -1.00)
-3.50 (-5.20, -1.81)

——
——
——

——
——
——

——
——
——

-4.37 (-6.15, -2.60)
-1.03 (-3.13, 1.11)
0.37 (-1.68, 2.44)

——

——

——

-1.48 (-3.25, 0.27)

——

——
——
——

——

-2.36 (-4.20, -0.51)
0.98 (-1.20, 3.18)
2.38 (0.27, 4.53)

——
——
——

——

51.9
——

3.51 (1.79, 5.24)

——
——
——
——

——
——
——
——
——

107
——

——
——

——

——
——

——
——

——

Probability of
Largest Weight
Reduction

See above

See above

See above

-0.87 (-3.03, 1.29)
2.47 (-0.04, 4.99)
3.87 (1.41, 6.36)

See above

3.34 (1.67, 5.01)
4.74 (2.76, 6.73)

See above
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Full MTC Results for Body Weight (kg)
No. of
Trials

No. of
Patients

I2 (%)

Direct Estimates WMD
(95% CI)

MTC Estimates
(95% CrI)

280,94

297

82.1

1.55 (-0.24, 3.35)

1.40 (-0.19, 3.01)

Probability of
Largest Weight
Reduction

Rank

Basal insulin vs:
Biphasic insulin

See above

Model fit parameters: DIC = 90.36, residual deviance = 31.25
A1C = glycosylated hemoglobin; CI = confidence interval; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment
comparison; RCTs = randomized controlled trials; SC = study characteristics; TC = trial characteristics; TZDs = thiazolidinediones; vs = versus; WMD = weighted mean difference.
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APPENDIX 14: FULL MTC RESULTS FOR OVERALL HYPOGLCYEMIA
This table presents the results of the MTC reference case and the pairwise meta-analyses of direct comparisons for overall
hypoglycemia (34 RCTs; N = 16,704). All values represent the difference in the change in overall hypoglycemia from baseline
between two treatment arms. The MTC results are presented as the mean pooled odds ratio (95% credible interval) and the direct
comparisons as the pooled odds ratio for overall hypoglycemia (95% confidence interval). The table also presents the MTC results
in the form of the probability of achieving the least overall hypoglycemia with each individual treatment.

Full MTC Results for Overall Hypoglycemia
No. of
Patients

I2 (%)

Metformin monotherapy vs:
Sulfonylureas
363,83,89
Meglitinides
284,87

501
366

666,69,72,
758,59,61,

No. of
Trials

TZDs
DPP-4 inhibitors

Direct Estimates
OR (95% CI)

Mean OR

Probability of
Least
Hypoglycemia

Rank

42
31

4.64 (1.27, 16.97)
6.59 (1.53, 28.29)

8.8
10.0

8.2
8.6

(4.5, 16.6)
(3.5, 25.2)

0.0%
0.0%

7.5
7.6

1210

0

1.56 (0.56, 4.33)

1.2

1.1

(0.5, 2.3)

6.2%

3.4

2428

0

1.07 (0.59, 1.93)

1.1

1.0

(0.6, 2.2)

7.7%

3.2

99,103

321

——

0.49 (0.04, 5.55)

1.1

0.4

(0.0, 6.7)

66.4%

2.1

164
——
——

226
——
——

——
——
——

1.00 (0.31, 3.20)
——
——

1.4
6.8
13.8

1.1
5.2
11.0

(0.3, 3.9)
(1.5, 21.5)
(3.5, 40.4)

12.9%
0.0%
0.0%

3.4
6.4
8.3

197

213
3397

——
69.9

1.09 (0.52, 2.25)
0.16 (0.09, 0.28)

1.2
0.1

1.0
0.1

(0.4, 2.9)
(0.1, 0.2)

268,88
——

3961
——

0
——

0.10 (0.07, 0.13)
——

0.1
0.1

0.1
0.0

(0.1, 0.2)
(0.0, 0.9)

189
——

72
——

——
——

0.31 (0.03, 3.17)
——

0.2
0.8

0.1
0.6

(0.0, 0.5)
(0.2, 2.3)

78,82,101

65,73,95,10

MTC Estimates
Median
(95% CrI)
OR

1

Alpha-glucosidase
inhibitors
GLP-1 analogues
Basal insulin
Biphasic insulin
Sulfonylurea vs:
Meglitinides
TZDs
DPP-4 inhibitors
Alpha-glucosidase
inhibitors
GLP-1 analogues
Basal insulin

2

5

62,71,77,

102,104
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Full MTC Results for Overall Hypoglycemia

Biphasic insulin

No. of
Trials

No. of
Patients

I2 (%)

181

222

Meglitinides vs:
TZDs
——
DPP-4 inhibitors
——
Alpha-glucosidase
——
inhibitors
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
——
TZDs vs:
DPP-4 inhibitors
355,57,101
Alpha-glucosidase
——
inhibitors
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
——
DPP-4 Inhibitors vs:
Alpha-glucosidase
——
inhibitors
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
——
Alpha-glucosidase inhibitors vs:
GLP-1 analogues
——
Basal insulin
——
Biphasic insulin
——
GLP-1 analogues vs:
Basal insulin
253,60
Biphasic insulin
——

Direct Estimates
OR (95% CI)

Mean OR

MTC Estimates
Median
(95% CrI)
OR
1.3
(0.5, 4.2)

——

1.23 (0.69, 2.18)

1.6

——
——
——

——
——
——

——
——
——

0.1
0.1
0.1

0.1
0.1
0.0

(0.0, 0.4)
(0.0, 0.3)
(0.0, 0.9)

——
——
——

——
——
——

——
——
——

0.2
0.8
1.7

0.1
0.6
1.3

(0.0, 0.6)
(0.1, 2.8)
(0.3, 5.5)

3383
——

0
——

1.79 (0.62, 5.14)
——

1.0
1.1

0.9
0.4

(0.5, 2.1)
(0.0, 6.7)

——
——
——

——
——
——

——
——
——

1.3
6.2
12.5

1.0
4.7
10.0

(0.3, 3.8)
(1.3, 19.9)
(3.1, 36.5)

——

——

——

1.1

0.4

(0.0, 6.8)

——
——
——

——
——
——

——
——
——

1.3
6.4
12.9

1.1
5.0
10.6

(0.3, 3.9)
(1.3, 19.8)
(3.0, 36.7)

——
——
——

——
——
——

——
——
——

23.4
111.0
229.3

2.9
13.7
29.2

(0.1, 130.5)
(0.6, 638.9)
(1.3, 1317.0)

See above

107
——

0
——

4.58 (1.40, 15.03)
——

5.7
12.5

4.6
9.9

(1.5, 16.3)
(2.8, 38.2)

See above
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Probability of
Least
Hypoglycemia

Rank

See above

See above

See above
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Full MTC Results for Overall Hypoglycemia

Basal insulin vs:
Biphasic insulin

No. of
Trials

No. of
Patients

I2 (%)

280,94

297

32

Direct Estimates
OR (95% CI)

Mean OR

2.23 (1.21, 4.09)

2.3

MTC Estimates
Median
(95% CrI)
OR

2.1

(0.9, 5.1)

Probability of
Least
Hypoglycemia

Rank

See above

Model fit parameters: DIC = 333.12, residual deviance = 64.63
Note: One small crossover RCT104 (N = 12) comparing sulfonylureas and TZDs was not included in the MTC analysis. The combination of one of the treatment arms having zero
events and the extremely small sample size created numerical difficulties, so the trial was excluded from the MTC. The trial was included in the direct pairwise comparisons.
A1C = glycosylated hemoglobin; CI = confidence interval; CrI = credible interval; OR = odds ratio; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; I2 = ;
MTC = mixed treatment comparison; RCTs = randomized controlled trials; SC = study characteristics; TC = trial characteristics; TZDs = thiazolidinediones; vs = versus.
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APPENDIX 15: FULL MTC RESULTS FOR A1C (DOSE-STRATIFIED MODEL)
Full MTC Results for A1C (Dose-Stratified Model)
No. of Trials

No. of
Patients

Direct Estimates
WMD (95% CI)

MTC Estimates
(95% CrI)

Probability of
Largest A1C
Reduction

Rank

Probability
of A1C
Reduction
(> 0.7%)

0.2%

7.5

89.4%

Metformin monotherapy vs:
Sulfonylureas
Titrated

2 RCTs63,83

Low dose

67

1 RCT

Moderate/high dose

1 RCT90

429

-0.80 (-1.01, -0.59)

-0.81 (-1.00, -0.63)

122

-0.47 (-0.71, -0.23)

-0.63 (-0.97, -0.29)

0.5%

11.9

32.8%

130

-0.77 (-1.59, 0.05)

-0.80 (-1.26, -0.34)

9.8%

7.9

66.7%

-1.08 (-1.73, -0.43)

Meglitinides
Titrated

1 RCT87

54

-0.79 (-1.19, -0.38)

6.3%

8.2

66.6%

Low dose

1 RCT84

307

-0.36 (-0.59, -0.13)

-0.36 (-0.76, 0.04)

0.1%

15.6

4.5%

84

312

-0.51 (-0.75, -0.27)

-0.51 (-0.91, -0.10)

0.4%

13.7

16.9%

Moderate/high dose

1 RCT

TZDs
Titrated

2 RCTs78,82

405

-0.92 (-1.17, -0.66)

-0.81 (-1.02, -0.60)

0.7%

7.6

85.4%

Low dose

2 RCTs69,72

198

-1.01 (-1.48, -0.54)

-0.70 (-1.08, -0.33)

2.5%

10.2

48.7%

Moderate/high dose

4 RCTs66,69,72,101

806

-0.92 (-1.21, -0.65)

13.1%

4.8

94.1%

-1.06 (-1.47, -0.66)

DPP-4 inhibitors
Low dose

2 RCTs52,58

380

-0.70 (-0.86, -0.54)

-0.65 (-0.93, -0.37)

0.4%

11.4

36.9%

Moderate/high dose

6 RCTs58,61,65,73,95,101

2376

-0.78 (-0.96, -0.60)

-0.81 (-0.96, -0.67)

0.3%

7.4

93.5%

5 RCTs74,92,98,99,103

791

1.2%

9.2

64.4%
92.0%

Alpha-glucosidase inhibitors
Titrated

-0.74 (-0.94, -0.53)

-0.74 (-0.99, -0.50)

GLP-1 analogues
Titrated

1 RCT89

72

-0.80 (-1.20, -0.40)

-0.95 (-1.31, -0.60)

14.9%

4.5

Low dose

3 RCTs64,90,93

439

-0.45 (-0.67, -0.24)

-0.45 (-0.75, -0.15)

0.0%

15.0

5.0%

Moderate/high dose

3 RCTs64,90,93

542

-0.73 (-1.04, -0.42)

-0.73 (-1.04, -0.43)

2.2%

9.5

57.6%

Basal insulin

———

———

———

-0.92 (-1.33, -0.50)

8.1%

5.5

85.2%

Biphasic insulin

———

———

———

-1.04 (-1.43, -0.65)

39.3%

3.1

95.6%

Titrated sulfonylureas vs:
Sulfonylureas
Low dose

See above
———

———

———

0.19 (-0.20, 0.57)
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Full MTC Results for A1C (Dose-Stratified Model)
No. of Trials

Moderate/high dose

———

No. of
Patients

Direct Estimates
WMD (95% CI)

MTC Estimates
(95% CrI)

———

———

0.01 (-0.47, 0.49)

Probability of
Largest A1C
Reduction

Rank

Probability
of A1C
Reduction
(> 0.7%)
0.3%

Meglitinides
Titrated

1 RCT97

262

0.13 (-0.43, 0.17)

0.03 (-0.36, 0.41)

0.0%

Low dose

———

———

———

0.45 (0.02, 0.89)

0.0%

Moderate/high dose

———

———

———

0.30 (-0.14, 0.75)

0.0%

TZDs
Titrated

4 RCTs62,71,77,102

3380

0.01 (-0.28, 0.27)

0.01 (-0.16, 0.17)

0.0%

Low dose

———

———

———

0.12 (-0.30, 0.52)

0.0%

Moderate/high dose

———

———

———

-0.11 (-0.43, 0.20)

0.1%

Low dose

———

———

———

0.16 (-0.16, 0.49)

0.0%

Moderate/high dose

2 RCTs68,88

3961

0.05 (-0.14, 0.05)

0.00 (-0.17, 0.17)

0.0%

———

———

———

0.07 (-0.23, 0.37)

0.0%

DPP-4 inhibitors

Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated

1 RCT89

72

-0.30 (-0.05, 0.65)

-0.14 (-0.48, 0.20)

0.1%

Low dose

———

———

———

0.37 (0.01, 0.72)

0.0%

Moderate/high dose

———

———

———

0.08 (-0.27, 0.44)

0.0%

Basal insulin

———

———

———

-0.10 (-0.49, 0.29)

0.2%

Biphasic insulin

1 RCT81

230

-0.20 (-0.09, 0.49)

-0.23 (-0.59, 0.13)

0.6%

———

———

Low-dose sulfonylureas vs:
Sulfonylureas
Moderate/high dose

See above
———

-0.18 (-0.74, 0.39)

3.5%

Meglitinides
Titrated

———

———

———

-0.16 (-0.69, 0.37)

2.3%

Low dose

———

———

———

0.27 (-0.25, 0.80)

0.0%

Moderate/high dose

———

———

———

0.12 (-0.41, 0.65)

0.2%

———

———

———

-0.18 (-0.57, 0.22)

0.5%

TZDs
Titrated
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Full MTC Results for A1C (Dose-Stratified Model)
No. of Trials

No. of
Patients

Direct Estimates
WMD (95% CI)

MTC Estimates
(95% CrI)

Probability of
Largest A1C
Reduction

Rank

Probability
of A1C
Reduction
(> 0.7%)

Low dose

2 RCTs75,79

-0.07 (-0.37, 0.22)

0.0%

Moderate/high dose

———

———

———

-0.30 (-0.74, 0.14)

3.5%

Low dose

———

———

———

-0.03 (-0.46, 0.42)

0.1%

Moderate/high dose

———

———

———

-0.19 (-0.55, 0.19)

0.3%

Alpha-glucosidase inhibitors
Titrated

———

———

———

———

———

———

-0.33 (-0.81, 0.17)

6.5%

645

0.06 (-0.22, 0.10)

DPP-4 inhibitors

-0.12 (-0.53, 0.30)

0.3%

GLP-1 analogues
Titrated
Low dose

———

———

———

0.18 (-0.27, 0.63)

0.0%

Moderate/high dose

———

———

———

-0.10 (-0.55, 0.36)

0.5%

Basal insulin

———

———

———

-0.29 (-0.82, 0.25)

6.4%

Biphasic insulin

———

———

———

-0.41 (-0.92, 0.11)

13.1%

Moderate/high dose sulfonylureas vs:
Meglitinides

See above

Titrated

———

———

———

0.02 (-0.59, 0.62)

1.0%

Low dose

———

———

———

0.44 (-0.17, 1.05)

0.0%

Moderate/high dose

———

———

———

0.29 (-0.32, 0.91)

0.1%

TZDs
Titrated

———

———

———

0.00 (-0.49, 0.49)

0.3%

Low dose

———

———

———

0.11 (-0.48, 0.68)

0.4%

Moderate/high dose

2 RCTs91,104

41

-0.10 (-0.29, 0.49)

-0.12 (-0.53, 0.29)

0.3%

DPP-4 inhibitors
Low dose

———

———

———

0.15 (-0.39, 0.69)

0.1%

Moderate/high dose

———

———

———

-0.01 (-0.47, 0.46)

0.2%

———

———

———

0.06 (-0.46, 0.58)

0.2%

———

———

-0.15 (-0.72, 0.43)

3.0%

170

0.29 (-0.53, 1.11)

0.36 (-0.19, 0.90)

0.0%

Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose

———
90

1 RCT
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Full MTC Results for A1C (Dose-Stratified Model)
No. of Trials

No. of
Patients

Direct Estimates
WMD (95% CI)

MTC Estimates
(95% CrI)

Probability of
Largest A1C
Reduction

Rank

Probability
of A1C
Reduction
(> 0.7%)

Moderate/high dose

1 RCT90

263

-0.12 (-0.70, 0.95)

0.07 (-0.48, 0.62)

0.3%

Basal insulin

———

———

———

-0.11 (-0.72, 0.50)

2.9%

Biphasic insulin

———

———

———

-0.24 (-0.83, 0.35)

6.3%

Titrated meglitinides vs:
Meglitinides

———

———

———

Low dose

———

———

———

0.43 (-0.14, 1.00)

See above
0.0%

Moderate/high dose

———

———

———

0.28 (-0.29, 0.86)

0.1%

TZDs

———

———

———

Titrated

———

———

———

-0.02 (-0.43, 0.40)

0.1%

Low dose

———

———

———

0.09 (-0.46, 0.64)

0.3%

Moderate/high dose

———

———

———

-0.14 (-0.62, 0.34)

1.2%

DPP-4 inhibitors

———

———

———

Low dose

———

———

———

0.13 (-0.35, 0.62)

0.1%

Moderate/high dose

———

———

———

-0.03 (-0.44, 0.38)

0.1%

Alpha-glucosidase inhibitors

———

———

———

Titrated

———

———

———

0.04 (-0.43, 0.51)

0.1%

GLP-1 analogues

———

———

———

Titrated

———

———

———

-0.17 (-0.67, 0.35)

1.9%

Low dose

———

———

———

0.34 (-0.16, 0.85)

0.0%

Moderate/high dose

———

———

———

0.06 (-0.45, 0.56)

0.2%

Basal insulin

———

———

———

-0.13 (-0.67, 0.42)

1.9%

Biphasic insulin

———

———

———

-0.25 (-0.77, 0.27)

4.6%

Meglitinides

———

———

———

Moderate/high dose

———

———

———

TZDs

———

———

———

Titrated

———

———

Low dose

———

Moderate/high dose

———

Low-dose meglitinides vs:
See above
-0.15 (-0.61, 0.32)

1.0%

———

-0.45 (-0.89, 0.00)

12.6%

———

———

-0.34 (-0.89, 0.20)

9.4%

———

———

-0.56 (-1.05, -0.08)

28.6%
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Full MTC Results for A1C (Dose-Stratified Model)
No. of Trials

No. of
Patients

Direct Estimates
WMD (95% CI)

MTC Estimates
(95% CrI)

Probability of
Largest A1C
Reduction

Rank

Probability
of A1C
Reduction
(> 0.7%)

DPP-4 inhibitors

———

———

———

Low dose

———

———

———

-0.29 (-0.78, 0.20)

4.8%

Moderate/high dose

———

———

———

-0.45 (-0.88, -0.03)

11.9%

Alpha-glucosidase inhibitors

———

———

———
-0.38 (-0.85, 0.08)

8.7%

Titrated

———

———

———

GLP-1 analogues

———

———

———

Titrated

———

———

———

-0.59 (-1.12, -0.05)

34.1%
0.9%

Low dose

———

———

———

-0.09 (-0.60, 0.42)

Moderate/high dose

———

———

———

-0.37 (-0.87, 0.13)

9.5%

Basal insulin

———

———

———

-0.56 (-1.12, 0.03)

30.7%

Biphasic insulin

———

———

———

-0.68 (-1.24, -0.12)

46.9%

Moderate-/high-dose meglitinides vs:
TZDs

———

———

———

Titrated

———

———

———

-0.30 (-0.75, 0.16)

4.0%

Low dose

———

———

———

-0.19 (-0.74, 0.36)

3.5%

Moderate/high dose

———

———

———

-0.41 (-0.92, 0.07)

12.3%

DPP-4 inhibitors

———

———

———

Low dose

———

———

———

-0.14 (-0.63, 0.35)

1.3%

Moderate/high dose

———

———

———

-0.30 (-0.74, 0.13)

3.8%

Alpha-glucosidase inhibitors

———

———

———
-0.24 (-0.71, 0.23)

2.7%

Titrated

———

———

———

GLP-1 analogues

———

———

———

See above

Titrated

———

———

———

-0.44 (-0.99, 0.10)

16.8%

Low dose

———

———

———

0.06 (-0.44, 0.57)

0.3%

Moderate/high dose

———

———

———

-0.22 (-0.73, 0.28)

3.2%

Basal insulin

———

———

———

-0.41 (-0.99, 0.17)

15.4%

Biphasic insulin

———

———

———

-0.53 (-1.09, 0.03)

27.2%

Titrated TZDs vs:
TZDs
Low dose

See above
———

———

———

0.11 (-0.32, 0.52)
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Full MTC Results for A1C (Dose-Stratified Model)
No. of Trials

Moderate/high dose

———

MTC Estimates
(95% CrI)

Probability of
Largest A1C
Reduction

Rank

Probability
of A1C
Reduction
(> 0.7%)

No. of
Patients

Direct Estimates
WMD (95% CI)

———

———

-0.12 (-0.45, 0.21)

0.1%

DPP-4 inhibitors
Low dose

———

———

———

0.15 (-0.18, 0.50)

0.0%

Moderate/high dose

———

———

———

-0.01 (-0.20, 0.19)

0.0%

———

———

———

0.06 (-0.26, 0.38)

0.0%

Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated

———

———

———

-0.14 (-0.51, 0.22)

0.2%

Low dose

———

———

———

0.36 (-0.01, 0.72)

0.0%

Moderate/high dose
Basal insulin
Biphasic insulin

———
———
———

———
———
———

———
———
———

0.08 (-0.29, 0.44)
-0.11 (-0.52, 0.31)
-0.23 (-0.63, 0.15)

0.0%
0.3%
1.1%

Low-dose TZDs vs:
TZDs
Moderate/high dose

See above
2 RCTs

69,72

297

-0.35 (-0.17, 0.88)

-0.23 (-0.68, 0.23)

2.0%

DPP-4 inhibitors
Low dose

———

———

———

0.04 (-0.41, 0.52)

0.1%

Moderate/high dose

———

———

———

-0.12 (-0.50, 0.29)

0.2%

———

———

———

-0.05 (-0.48, 0.40)

0.2%

Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated

———

———

———

-0.25 (-0.76, 0.26)

4.2%

Low dose

———

———

———

0.25 (-0.22, 0.73)

0.0%

Moderate/high dose

———

———

———

-0.03 (-0.5, 0.45)

0.3%

Basal insulin

———

———

———

-0.22 (-0.77, 0.35)

4.2%

Biphasic insulin

———

———

———

-0.34 (-0.87, 0.20)

9.2%

Moderate-/high-dose TZDs vs:
DPP-4 inhibitors

See above

Low dose

———

Moderate/high dose

2 RCTs57,101

———

———

0.27 (-0.12, 0.67)

0.0%

688

0.00 (-0.20, 0.20)

0.11 (-0.17, 0.39)

0.0%
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Full MTC Results for A1C (Dose-Stratified Model)
MTC Estimates
(95% CrI)

Probability of
Largest A1C
Reduction

Rank

Probability
of A1C
Reduction
(> 0.7%)

No. of
Patients

Direct Estimates
WMD (95% CI)

———

———

———

0.18 (-0.19, 0.56)

0.0%

———

———

———

-0.03 (-0.47, 0.42)

0.2%

No. of Trials

Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose

———

———

———

0.48 (0.07, 0.89)

0.0%

Moderate/high dose

———

———

———

0.19 (-0.22, 0.61)

0.0%

Basal insulin

———

———

———

0.01 (-0.48, 0.50)

0.3%

Biphasic insulin

———

———

———

-0.12 (-0.58, 0.36)

0.8%

286

-0.40 (0.20, 0.60)

-0.16 (-0.47, 0.14)

0.1%

———

———

-0.09 (-0.46, 0.27)

0.1%

Low-dose DPP-4 inhibitors vs:
DPP-4 inhibitors
Moderate/high dose

See above
1 RCT58

Alpha-glucosidase inhibitors
Titrated

———

GLP-1 analogues
Titrated

———

———

———

-0.30 (-0.75, 0.15)

4.1%

Low dose

———

———

———

0.21 (-0.20, 0.61)

0.0%

Moderate/high dose

———

———

———

-0.08 (-0.49, 0.34)

0.2%

Basal insulin

———

———

———

-0.26 (-0.76, 0.24)

4.1%

Biphasic insulin

———

———

———

-0.38 (-0.86, 0.09)

9.5%

———

———

0.07 (-0.21, 0.35)

0.0%
0.2%

Moderate-/high-dose DPP-4 inhibitors vs:
Alpha-glucosidase inhibitors
Titrated

See above
———

GLP-1 analogues
Titrated

———

———

———

-0.14 (-0.50, 0.23)

Low dose

———

———

———

0.37 (0.03, 0.70)

0.0%

Moderate/high dose

———

———

———

0.08 (-0.25, 0.42)

0.0%

Basal insulin

———

———

———

-0.10 (-0.51, 0.32)

0.3%

Biphasic insulin

———

———

———

-0.23 (-0.61, 0.16)

1.0%

Titrated alpha-glucosidase inhibitors vs:
GLP-1 analogues

See above
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Full MTC Results for A1C (Dose-Stratified Model)
No. of Trials

No. of
Patients

Direct Estimates
WMD (95% CI)

MTC Estimates
(95% CrI)

Probability of
Largest A1C
Reduction

Rank

Probability
of A1C
Reduction
(> 0.7%)

Titrated

———

———

———

-0.21 (-0.64, 0.22)

1.2%

Low dose

———

———

———

0.30 (-0.09, 0.69)

0.0%

Moderate/high dose

———

———

———

0.01 (-0.37, 0.40)

0.0%

Basal insulin

———

———

———

-0.17 (-0.65, 0.31)

1.5%

Biphasic insulin

———

———

———

-0.29 (-0.75, 0.16)

4.1%

Low dose

———

———

———

0.51 (0.04, 0.97)

0.0%

Moderate/high dose

———

———

———

0.22 (-0.24, 0.69)

0.0%

Basal insulin
Biphasic insulin

2 RCTs53,60
———

207
———

0.01 (-0.28, 0.25)
———

0.03 (-0.28, 0.35)
-0.09 (-0.47, 0.29)

0.0%
0.1%

Titrated GLP-1 analogues vs:
GLP-1 analogues

See above

Low-dose GLP-1 analogues vs:
GLP-1 analogues
Moderate/high dose

See above
3 RCTs64,90,93

571

-0.29 (0.08, 0.49)

-0.28 (-0.65, 0.09)

1.3%

Basal insulin

———

———

———

-0.47 (-0.97, 0.03)

18.5%

Biphasic insulin

———

———

———

-0.59 (-1.09, -0.10)

33.3%

Moderate-/high-dose GLP-1 analogues vs:
Basal insulin

———

———

———

-0.19 (-0.70, 0.32)

Biphasic insulin

———

———

———

-0.31 (-0.80, 0.19)

See above

2.5%
5.9%

Basal insulin v:
Biphasic insulin

2 RCTs80,94

297

-0.16 (-0.56, 0.25)

-0.12 (-0.44, 0.19)

See above

0.0%

A1C = glycosylated hemoglobin; CI = confidence interval; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment
comparison; RCT = randomized controlled trial; SC = study characteristics; TC = trial characteristics; TZDs = thiazolidinediones; vs = versus; WMD = weighted mean difference.
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APPENDIX 16: FULL MTC RESULTS FOR BODY WEIGHT (DOSE-STRATIFIED
MODEL)
Full MTC Results for Body Weight (Dose-Stratified Model)
No. of Trials
Metformin monotherapy vs:
Sulfonylureas
Titrated
Low dose
Moderate/high dose
Meglitinides

3 RCTs63,83,89
1 RCT67
———

No. of
Patients

Direct Estimates
(95% CI)

501
122
———

1.79 (1.29, 2.28)
2.10 (1.08, 3.12)
———

Probability of
Largest Reduction
in Weight

Rank

2.10 (1.07, 3.15)
2.11 (-0.45, 4.68)
2.80 (-0.67, 6.26)

0.0%
0.1%
0.2%

12.8
12.7
14.1

MTC Estimates
(95% CrI)

Titrated
Low dose

1 RCT87
1 RCT84

54
307

3.27 (1.88, 4.66)
0.30 (-0.20, 0.80)

2.37 (0.44, 4.32)
0.30 (-2.09, 2.68)

0.0%
1.7%

13.7
7.3

Moderate/high dose

1 RCT84

312

0.90 (0.20, 1.60)

0.89 (-1.54, 3.33)

0.7%

9.2

1 RCT78
1 RCT72
3 RCTs66,72,101

169
69
583

2.15 (1.56, 2.74)
1.12 (-0.41, 2.65)
2.39 (1.92, 2.86)

2.64 (1.38, 3.90)
0.92 (-1.76, 3.52)
2.69 (1.39, 3.98)

0.0%
1.0%
0.0%

14.8
9.2
14.8

2 RCTs52,58
3 RCTs58,73,101

380
829

0.25 (-0.20, 0.71)
0.70 (0.21, 1.20)

0.23 (-1.41, 1.90)
0.62 (-0.41, 1.68)

0.5%
0.0%

7.0
8.2

392,99,103

404

-0.90 (-1.92, 0.13)

-0.91 (-2.37, 0.56)

5.5%

3.8

1 RCT89
1 RCT64
1 RCT64
———
———

72
223
226
———
———

-0.50 (-2.09, 1.09)
-1.30 (-2.28, -0.32)
-2.50 (-3.64, -1.36)
———
———

-1.22 (-3.45, 1.01)
-1.30 (-3.84, 1.24)
-2.51 (-5.14, 0.09)
1.99 (-0.35, 4.36)
3.28 (1.07, 5.54)

16.0%
12.7%
61.7%
0.0%
0.0%

3.5
3.6
1.8
12.3
16.1

TZDs
Titrated
Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Titrated sulfonylureas vs:
Sulfonylureas

Second-Line Therapy for Patients With Diabetes Inadequately Controlled on Metformin:
A Systematic Review and Cost-Effectiveness Analysis

109

Full MTC Results for Body Weight (Dose-Stratified Model)
No. of Trials

No. of
Patients

Direct Estimates
(95% CI)

MTC Estimates
(95% CrI)

Low dose
Moderate/high dose
Meglitinides

———
———

———
———

———
———

0.00 (-2.76, 2.78)
0.70 (-2.89, 4.28)

Titrated
Low dose

1 RCT97
———

213
———

-0.49 (-0.43, 1.41)
———

0.27 (-1.64, 2.17)
-1.81 (-4.41, 0.79)

Moderate/high dose
TZDs
Titrated

Rank

-1.21 (-3.86, 1.44)
4 RCTs

3373

0.92 (-1.53, -3.37)

0.54 (-0.52, 1.60)

———
———

———
———

———
———

-1.19 (-4.04, 1.61)
0.59 (-0.95, 2.12)

———
3961

———
-2.11 (-2.81,-1.42)

-1.87 (-3.76, 0.01)
-1.48 (-2.61, -0.35)

———

———

———

-3.02 (-4.79, -1.24)

1 RCT89
———
———
———
1 RCT81

72
———
———
———
222

-2.70 (-4.29,-1.11)
———
———
———
0.66 (-0.14,1.46)

-3.33 (-5.53, -1.14)
-3.41 (-6.15, -0.67)
-4.61 (-7.46, -1.82)
-0.11 (-2.38, 2.17)
1.17 (-0.89, 3.27)

———

———

———

0.69 (-3.62, 5.00)

Titrated
Low dose

———
———

———
———

———
———

0.26 (-2.95, 3.45)
-1.81 (-5.30, 1.68)

Moderate/high dose

———

———

———

-1.21 (-4.78, 2.34)

Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Low-dose sulfonylureas vs:
Sulfonylureas
Moderate/high dose
Meglitinides

Probability of
Largest Reduction
in Weight

62,71,77,102

———
2 RCTs

68,88

TZDs
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Full MTC Results for Body Weight (Dose-Stratified Model)
No. of
Patients

Direct Estimates
(95% CI)

MTC Estimates
(95% CrI)

———
———
———

———
———
———

———
———
———

0.53 (-2.34, 3.40)
-1.19 (-4.90, 2.44)
0.58 (-2.31, 3.41)

———
———

———
———

———
———

-1.87 (-4.93, 1.19)
-1.48 (-4.28, 1.26)

———

———

———

-3.02 (-5.97, -0.12)

———
———
———
———
———

———
———
———
———
———

———
———
———
———
———

-3.33 (-6.72, 0.08)
-3.41 (-7.00, 0.18)
-4.62 (-8.24, -0.99)
-0.12 (-3.60, 3.36)
1.17 (-2.22, 4.58)

Titrated
Low dose

———
———

———
———

———
———

-0.43 (-4.39, 3.54)
-2.50 (-6.66, 1.71)

Moderate/high dose

———

———

———

-1.91 (-6.12, 2.37)

———
———
1 RCT91

———
———
28

———
———
-0.10 (-2.37, 2.17)

-0.16 (-3.81, 3.49)
-1.89 (-6.15, 2.35)
-0.11 (-3.35, 3.15)

———
———

———
———

———
———

-2.57 (-6.41, 1.25)
-2.18 (-5.70, 1.35)

———

———

———

-3.71 (-7.52, 0.06)

———

———

———

-4.02 (-8.11, 0.06)

No. of Trials
Titrated
Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Moderate-/high-dose sulfonylureas vs:
Meglitinides

TZDs
Titrated
Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated

Probability of
Largest Reduction
in Weight
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Full MTC Results for Body Weight (Dose-Stratified Model)
No. of Trials

No. of
Patients

Direct Estimates
(95% CI)

MTC Estimates
(95% CrI)

Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Titrated meglitinides vs:
Meglitinides

———
———
———
———

———
———
———
———

———
———
———
———

-4.10 (-8.42, 0.21)
-5.31 (-9.66, -0.95)
-0.81 (-4.96, 3.36)
0.48 (-3.60, 4.56)

Low dose

———

———

———

-2.07 (-5.19, 0.97)

Moderate/high dose

———

———

———

-1.48 (-4.60, 1.64)

———
———
———

———
———
———

———
———
———

0.27 (-1.86, 2.38)
-1.46 (-4.71, 1.77)
0.32 (-1.96, 2.60)

———
———

———
———

———
———

-2.14 (-4.67, 0.35)
-1.75 (-3.84, 0.34)

———

———

———

-3.28 (-5.74, -0.88)

———
———
———
———
———

———
———
———
———
———

———
———
———
———
———

-3.59 (-6.43, -0.76)
-3.67 (-6.86, -0.47)
-4.88 (-8.13, -1.67)
-0.38 (-3.30, 2.55)
0.91 (-1.87, 3.70)

315

0.60 (0.21, 0.99)

0.60 (-1.91, 3.07)

———
———
———

———
———
———

2.34 (-0.38, 5.05)
0.62 (-2.94, 4.18)
2.39 (-0.32, 5.09)

TZDs
Titrated
Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Low-dose meglitinides vs:
Meglitinides
Moderate/high dose

1 RCT84

TZDs
Titrated
Low dose
Moderate/high dose

———
———
———

Probability of
Largest Reduction
in Weight
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Full MTC Results for Body Weight (Dose-Stratified Model)
No. of
Patients

Direct Estimates
(95% CI)

MTC Estimates
(95% CrI)

———
———

———
———

———
———

-0.06 (-2.96, 2.84)
0.33 (-2.27, 2.95)

———

———

———

-1.21 (-4.00, 1.60)

———
———
———
———
———

———
———
———
———
———

———
———
———
———
———

-1.52 (-4.80, 1.75)
-1.60 (-5.08, 1.91)
-2.81 (-6.36, 0.70)
1.69 (-1.67, 5.09)
2.98 (-0.28, 6.27)

———
———
———

———
———
———

———
———
———

1.75 (-1.01, 4.50)
0.02 (-3.59, 3.62)
1.80 (-0.96, 4.54)

———
———

———
———

———
———

-0.66 (-3.60, 2.31)
-0.27 (-2.92, 2.39)

———

———

———

-1.81 (-4.66, 1.05)

———
———
———
———
———

———
———
———
———
———

———
———
———
———
———

-2.12 (-5.42, 1.23)
-2.20 (-5.72, 1.36)
-3.40 (-6.96, 0.19)
1.10 (-2.29, 4.56)
2.38 (-0.90, 5.76)

———
———

———
———

———
———

-1.73 (-4.67, 1.16)
0.05 (-1.65, 1.74)

No. of Trials
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Moderate-/high-dose meglitinides vs:
TZDs
Titrated
Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Titrated TZDs vs:
TZDs
Low dose
Moderate/high dose

Probability of
Largest Reduction
in Weight
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Full MTC Results for Body Weight (Dose-Stratified Model)
No. of
Patients

Direct Estimates
(95% CI)

MTC Estimates
(95% CrI)

———
1 RCT55

———
2664

———
-0.91 (-1.46, -0.36)

-2.41 (-4.44, -0.38)
-2.02 (-3.33, -0.69)

———

———

———

-3.55 (-5.50, -1.62)

———
———
———
———
———

———
———
———
———
———

———
———
———
———
———

-3.86 (-6.24, -1.48)
-3.94 (-6.79, -1.12)
-5.15 (-8.06, -2.27)
-0.65 (-3.11, 1.83)
0.63 (-1.65, 2.97)

71

2.16 (3.73, 0.59)

1.77 (-0.95, 4.52)

———
———

———
———

———
———

-0.68 (-3.75, 2.42)
-0.29 (-3.06, 2.51)

———

———

———

-1.83 (-4.85, 1.23)

———
———
———
———
———

———
———
———
———
———

———
———
———
———
———

-2.14 (-5.58, 1.32)
-2.22 (-5.87, 1.46)
-3.43 (-7.11, 0.28)
1.08 (-2.40, 4.61)
2.36 (-1.02, 5.83)

———
1 RCT57

———
576

———
-2.40 (-3.11, -1.69)

-2.46 (-4.48, -0.41)
-2.07 (-3.43, -0.68)

———

———

———

-3.60 (-5.56, -1.63)

No. of Trials
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Low-dose TZDs vs:
TZDs
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Moderate-/high-dose TZDs vs:
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase inhibitors
Titrated

1 RCT72

Probability of
Largest Reduction
in Weight
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Full MTC Results for Body Weight (Dose-Stratified Model)
No. of Trials
GLP-1 analogues
Titrated
———
Low dose
———
Moderate/high dose
———
Basal insulin
———
Biphasic insulin
———
Low-dose DPP-4 inhibitors vs:
DPP-4 inhibitors
Moderate/high dose
1 RCT58
Alpha-glucosidase inhibitors
Titrated
———
GLP-1 analogues
Titrated
———
Low dose
———
Moderate/high dose
———
Basal insulin
———
Biphasic insulin
———
Moderate-/high-dose DPP-4 inhibitors vs:
Alpha-glucosidase inhibitors
Titrated
———
GLP-1 analogues
Titrated
———
Low dose
———
Moderate/high dose
———
Basal insulin
———
Biphasic insulin
———
Titrated alpha-glucosidase inhibitors vs:
GLP-1 analogues
Titrated
———
Low dose
———
Moderate/high dose
———

No. of
Patients

Direct Estimates
(95% CI)

MTC Estimates
(95% CrI)

———
———
———
———
———

———
———
———
———
———

-3.91 (-6.44, -1.36)
-3.99 (-6.85, -1.17)
-5.20 (-8.10, -2.29)
-0.70 (-3.32, 1.96)
0.59 (-1.91, 3.13)

286

0.60 (0.01, 1.19)

0.39 (-1.42, 2.20)

———

———

-1.15 (-3.33, 1.07)

———
———
———
———
———

———
———
———
———
———

-1.46 (-4.19, 1.31)
-1.54 (-4.57, 1.46)
-2.74 (-5.83, 0.33)
1.76 (-1.06, 4.62)
3.04 (0.33, 5.81)

———

———

-1.54 (-3.35, 0.26)

———
———
———
———
———

———
———
———
———
———

-1.85 (-4.19, 0.54)
-1.93 (-4.67, 0.83)
-3.13 (-5.97, -0.32)
1.37 (-1.07, 3.83)
2.65 (0.35, 5.00)

———
———
———

———
———
———

-0.31 (-2.98, 2.35)
-0.39 (-3.33, 2.58)
-1.60 (-4.59, 1.38)

Probability of
Largest Reduction
in Weight
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Full MTC Results for Body Weight (Dose-Stratified Model)
No. of Trials
Basal insulin
———
Biphasic insulin
———
Titrated GLP-1 analogues vs:
GLP-1 analogues
Low dose
———
Moderate/high dose
———
Basal insulin
2 RCTs53,60
Biphasic insulin
———
Low-dose GLP-1 analogues vs:
GLP-1 analogues
Moderate/high dose
1 RCT64
Basal insulin
———
Biphasic insulin
———
Moderate-/high-dose GLP-1 analogues vs:
Basal insulin
———
Biphasic insulin
———
Basal insulin v:
Biphasic insulin
2 RCTs80,94

No. of
Patients

Direct Estimates
(95% CI)

MTC Estimates
(95% CrI)

———
———

———
———

———
———
145
———

———
———
3.51 (1.79, 5.24)
———

-0.08 (-3.47, 3.30)
-1.29 (-4.74, 2.12)
3.21 (1.43, 5.02)
4.50 (2.35, 6.68)

223
———
———

-1.20 (-2.18, -0.22)
———
———

-1.21 (-4.03, 1.54)
3.29 (-0.18, 6.80)
4.58 (1.20, 7.99)

———
———

———
———

4.50 (1.01, 8.06)
5.79 (2.36, 9.27)

297

1.57 (-0.23, 3.38)

1.28 (-0.39, 2.99)

Probability of
Largest Reduction
in Weight

Rank

2.90 (0.13, 5.69)
4.19 (1.55, 6.90)

CI = confidence interval; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; RCTs = randomized
controlled trials; SC = study characteristics; TC = trial characteristics; TZDs = thiazolidinediones; vs = versus.
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APPENDIX 17: FULL MTC RESULTS FOR OVERALL HYPOGLYCEMIA (DOSESTRATIFIED MODEL)
Full MTC Results for Overall Hypoglycemia (Dose-Stratified Model)
No. of Trials

Metformin monotherapy
vs:
Sulfonylureas
Titrated
Meglitinides
Titrated
Low dose
Moderate/high dose
TZDs
Titrated
Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose

No. of
Patients

Direct Estimates
OR (95% CI)

Mean

MTC Estimates OR (95% CrI)
Median
95% CrI

Probability of
Fewest
Patients With
Hypoglycemic
Events

Rank

3 RCTs63,83,89

501

4.64 (1.27, 16.97)

10.60

9.38

4.47, 23.94

0.0%

13.80

1 RCT87

54

22.89

1 RCT84
1 RCT84

307
312

28.24 (1.55,
515.5)
2.23 (0.82, 6.02)
4.51 (1.79, 11.32)

14.60

3.79, 89.73

0.0%

14.83

3.37
6.85

2.30
4.72

0.44, 12.65
0.92, 25.40

1.2%
0.1%

9.10
11.78

2 RCTs78,82
2 RCTs69,72
4
RCTs66,69,72,101

405
304
805

1.91 (0.30, 12.29)
1.47 (0.24, 8.99)
1.42 (0.42, 4.85)

1.34
1.61
1.78

1.17
0.96
1.38

0.47, 3.18
0.13, 6.83
0.36, 5.49

1.0%
10.5%
1.6%

6.40
5.73
7.21

1 RCT58
7
RCTs58,59,61,65,

358
2428

1.02 (0.06, 16.48)
1.07 (0.59, 1.93)

2.93
1.29

0.97
1.16

0.03, 17.89
0.57, 2.76

19.3%
0.5%

6.13
6.35

2 RCTs99,103

321

0.49 (0.04, 5.55)

1.21

0.39

0.01, 6.91

42.7%

3.76

3.08 (0.12, 78.27)
0.85 (0.25, 2.87)
1.00 (0.31, 3.20)
———

2.57
1.30
1.56
11.16

1.44
0.84
1.01
6.47

0.20, 11.36
0.13, 5.18
0.17, 5.92
1.28, 45.74

5.5%
10.3%
6.6%
0.0%

7.14
5.19
5.90
12.54

73,95,101

Alpha-glucosidase
inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin

1 RCT89
1 RCT64
1 RCT64
———

72
223
226
———
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Full MTC Results for Overall Hypoglycemia (Dose-Stratified Model)
No. of Trials

Biphasic insulin
Titrated sulfonylureas vs:
Meglitinides
Titrated
Low dose
Moderate/high dose
TZDs
Titrated
Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase
inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Titrated meglitinides vs:
Meglitinides
Low dose
Moderate/high dose
TZDs
Titrated
Low dose

No. of
Patients

Direct Estimates
OR (95% CI)

Mean

MTC Estimates OR (95% CrI)
Median
95% CrI

———

———

———

19.97

13.27

3.18, 75.34

1 RCT97
———
———

213
———
———

0.92 (0.45, 1.91)
———
———

2.13
0.38
0.76

1.56
0.24
0.50

0.44, 7.21
0.03, 1.47
0.07, 2.92

4
RCTs62,71,77,102
———
———

3373

0.16 (0.09, 0.28)

0.13

0.13

0.06, 0.23

———
———

———
———

0.18
0.19

0.10
0.15

0.01, 0.78
0.03, 0.65

———
2 RCTs68,88

———
3961

———
0.10 (0.07, 0.13)

0.31
0.13

0.10
0.12

0.00, 1.86
0.06, 0.26

———

———

———

0.13

0.04

0.00, 0.78

1 RCT89
———
———
———
1 RCT81

72
———
———
———
222

0.31 (0.03, 3.17)
———
———
———

0.23
0.15
0.17
0.99
1.82

0.15
0.09
0.11
0.69
1.42

0.02,
0.01,
0.01,
0.15,
0.39,

———
———

———
———

———
———

0.29
0.57

0.16
0.32

0.01, 1.28
0.03, 2.60

———
———

———
———

———
———

0.10
0.13

0.08
0.06

0.01, 0.31
0.00, 0.66

Probability of
Fewest
Patients With
Hypoglycemic
Events
0.0%

Rank

14.75

See above

0.93
0.60
0.71
3.63
5.68
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Full MTC Results for Overall Hypoglycemia (Dose-Stratified Model)
No. of Trials

Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase
inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose
Basal insulin
Biphasic insulin
Low-dose meglitinides vs:
Meglitinides
Moderate/high dose
TZDs
Titrated
Low dose
Moderate/high dose
DPP-4 inhibitors
Low dose
Moderate/high dose
Alpha-glucosidase
inhibitors
Titrated
GLP-1 analogues
Titrated
Low dose
Moderate/high dose

No. of
Patients

Direct Estimates
OR (95% CI)

Mean

———

———

———

0.15

0.09

0.01, 0.59

———
———

———
———

———
———

0.23
0.10

0.06
0.08

0.00, 1.46
0.01, 0.32

———

———

———

0.10

0.02

0.00, 0.63

———
———
———
———
———

———
———
———
———
———

———
———
———
———
———

0.18
0.11
0.13
0.77
1.42

0.10
0.06
0.07
0.44
0.91

0.01,
0.00,
0.01,
0.05,
0.12,

315

9.38 (2.77, 31.77)

2.81

2.06

0.45, 9.34

———
———
———

———
———
———

———
———
———

0.86
1.10
1.15

0.51
0.41
0.60

0.08, 3.64
0.03, 5.49
0.07, 5.22

———
———

———
———

———
———

1.96
0.83

0.41
0.50

0.01, 12.36
0.08, 3.45

———

———

———

0.88

0.17

0.00, 4.78

———
———
———

———
———
———

———
———
———

1.90
0.86
1.07

0.61
0.36
0.43

0.05, 9.27
0.03, 4.31
0.04, 5.03

1 RCT84

MTC Estimates OR (95% CrI)
Median
95% CrI

Probability of
Fewest
Patients With
Hypoglycemic
Events

Rank

0.86
0.52
0.61
3.39
5.70
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Full MTC Results for Overall Hypoglycemia (Dose-Stratified Model)
No. of Trials

Basal insulin
———
Biphasic insulin
———
Moderate-/high-dose meglitinides vs:
TZDs
Titrated
———
Low dose
———
Moderate/high dose
———
DPP-4 inhibitors
Low dose
———
Moderate/high dose
———
Alpha-glucosidase
inhibitors
Titrated
———
GLP-1 analogues
Titrated
———
Low dose
———
Moderate/high dose
———
Basal insulin
———
Biphasic insulin
———
Titrated TZDs vs:
TZDs
Low dose
———
Moderate/high dose
———
DPP-4 inhibitors
Low dose
———
Moderate/high dose
1 RCT55
Alpha-glucosidase
inhibitors
Titrated
———
GLP-1 analogues

No. of
Patients

Direct Estimates
OR (95% CI)

Mean

MTC Estimates OR (95% CrI)
Median
95% CrI

———
———

———
———

8.54
14.76

2.83
5.78

0.28, 38.97
0.64, 66.38

———
———
———

———
———
———

0.41
0.51
0.54

0.25
0.20
0.29

0.04, 1.71
0.01, 2.62
0.03, 2.48

———
———

———
———

0.94
0.40

0.20
0.24

0.00, 5.87
0.04, 1.61

———

———

0.38

0.08

0.00, 2.29

———
———
———
———
———

———
———
———
———
———

0.84
0.41
0.49
3.76
6.68

0.30
0.18
0.21
1.36
2.79

0.02, 4.39
0.01, 2.02
0.02, 2.38
0.14, 18.88
0.32, 31.88

———
———

———
———

1.48
1.64

0.82
1.18

0.09, 6.79
0.23, 5.78

———
2627

———
2.33 (0.67, 8.11)

2.59
1.11

0.82
0.98

0.02, 15.84
0.42, 2.55

———

———

1.12

0.33

0.01, 6.76

Probability of
Fewest
Patients With
Hypoglycemic
Events
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Full MTC Results for Overall Hypoglycemia (Dose-Stratified Model)
No. of Trials

Titrated
———
Low dose
———
Moderate/high dose
———
Basal insulin
———
Biphasic insulin
———
Low-dose TZDs vs:
TZDs
Moderate/high dose
2 RCT69,72
DPP-4 inhibitors
Low dose
———
Moderate/high dose
———
Alpha-glucosidase
inhibitors
Titrated
———
GLP-1 analogues
Titrated
———
Low dose
———
Moderate/high dose
———
Basal insulin
———
Biphasic insulin
———
Moderate-/high-dose TZDs vs:
DPP-4 inhibitors
Low dose
———
Moderate/high dose
2 RCT57,101
Alpha-glucosidase
inhibitors
Titrated
———
GLP-1 analogues
Titrated
———
Low dose
———

No. of
Patients

Direct Estimates
OR (95% CI)

Mean

MTC Estimates OR (95% CrI)
Median
95% CrI

———
———
———
———
———

———
———
———
———
———

2.08
1.23
1.46
8.96
16.11

1.21
0.72
0.86
5.53
11.26

0.17, 9.01
0.09, 5.34
0.11, 6.28
1.12, 36.06
2.80, 58.02

303

1.79 (0.42, 7.67)

2.45

1.45

0.22, 10.72

———
———

———
———

5.33
2.30

1.00
1.21

0.02, 33.18
0.16, 10.80

———

———

2.27

0.40

0.01, 14.01

———
———
———
———
———

———
———
———
———
———

4.75
2.48
2.94
21.23
37.33

1.49
0.87
1.05
6.81
13.97

0.10, 27.10
0.06, 13.62
0.07, 15.79
0.56, 113.50
1.28, 198.50

———
756

———
0.94 (0.13, 6.70)

2.59
1.12

0.69
0.84

0.02, 16.37
0.20, 3.70

———

———

1.13

0.28

0.01, 6.86

———
———

———
———

2.33
1.20

1.03
0.60

0.10, 11.88
0.06, 5.78

Probability of
Fewest
Patients With
Hypoglycemic
Events
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Full MTC Results for Overall Hypoglycemia (Dose-Stratified Model)
No. of Trials

———
Moderate/high dose
Basal insulin
———
Biphasic insulin
———
Low-dose DPP-4 inhibitors vs:
DPP-4 inhibitors
Moderate/high dose
1 RCT58
Alpha-glucosidase
inhibitors
Titrated
———
GLP-1 analogues
Titrated
———
Low dose
———
Moderate/high dose
———
Basal insulin
———
Biphasic insulin
———
Moderate-/high-dose DPP-4 inhibitors vs:
Alpha-glucosidase
inhibitors
Titrated
———
GLP-1 analogues
Titrated
———
Low dose
———
Moderate/high dose
———
Basal insulin
———
Biphasic insulin
———
Titrated alpha-glucosidase inhibitors vs:
GLP-1 analogues
———
Titrated
Low dose
Moderate/high dose

———
———
———

No. of
Patients

Direct Estimates
OR (95% CI)

Mean

MTC Estimates OR (95% CrI)
Median
95% CrI

———

———

1.45

0.73

0.07, 6.75

———
———

———
———

10.02
17.81

4.69
9.61

0.59, 47.44
1.41, 80.47

360

0.97 (0.06, 15.58)

8.00

1.21

0.07, 44.66

———

———

8.00

0.40

0.00, 39.24

———
———
———
———
———

———
———
———
———
———

15.40
9.22
10.80
69.33
123.20

1.51
0.89
1.06
6.97
14.23

0.05, 86.01
0.03, 47.70
0.03, 56.07
0.25, 374.30
0.58, 675.60

———

———

1.08

0.33

0.01, 6.38

———
———
———
———
———

———
———
———
———
———

2.06
1.17
1.38
8.82
16.03

1.23
0.72
0.86
5.60
11.44

0.17, 8.75
0.09, 4.82
0.11, 5.66
1.07, 34.91
2.68, 56.25

———

———

———
———
———

———
———
———

65.62
28.85
38.21

3.81
2.19
2.63

0.11, 244.5
0.07, 129.0
0.09, 155.6

Probability of
Fewest
Patients With
Hypoglycemic
Events
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Full MTC Results for Overall Hypoglycemia (Dose-Stratified Model)
No. of Trials

Basal insulin
———
Biphasic insulin
———
Titrated GLP-1 analogues vs:
GLP-1 analogues
Low dose
———
Moderate/high dose
———
Basal insulin
2 RCTs53,60
Biphasic insulin
———
Low-dose GLP-1 analogues vs:
GLP-1 analogues
Moderate/high dose
1 RCT64
Basal insulin
———
Biphasic insulin
———
Moderate-/high-dose GLP-1 analogues vs:
Basal insulin
———
Biphasic insulin
———
Basal insulin v:
Biphasic insulin
2 RCTs80,94

No. of
Patients

Direct Estimates
OR (95% CI)

Mean

MTC Estimates OR (95% CrI)
Median
95% CrI

———
———

———
———

339.10
607.90

17.57
35.53

0.63, 1088.0
1.42, 2037.0

———
———
145
———

———
———
4.58 (1.40, 15.03)
———

1.52
1.83
6.10
13.57

0.59
0.70
4.58
9.41

0.04, 8.27
0.04, 9.81
1.20, 20.19
1.93, 50.24

223
———
———

1.18 (0.35, 3.98)
———
———

1.88
23.35
40.23

1.19
7.75
15.92

0.20, 7.59
0.71, 117.50
1.65, 207.90

———
———

———
———

19.23
33.14

6.48
13.26

0.59, 95.16
1.40, 165.70

297

2.23 (1.21, 4.09)

2.32

2.05

0.71, 5.52

Probability of
Fewest
Patients With
Hypoglycemic
Events

Rank

CI = confidence interval; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; OR = odds ratio;
RCTs = randomized controlled trials; SC = study characteristics; TC = trial characteristics; TZDs = thiazolidinediones; vs = versus.
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APPENDIX 18: FULL MTC RESULTS FOR A1C FROM INDIVIDUAL AGENT-LEVEL
META-ANALYSIS
MTC Sensitivity Analysis — A1C ― Individual Agent-Level Meta-analysis
No. of Trials

Treatment vs Placebo

Metformin monotherapy vs:
Glyburide
Gliclazide
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glyburide vs:
Gliclazide
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin

No. of
Patients

Individual Agent-Level
MTC Effect Estimate
(95% CI)

Probability Most
Effective at
Reducing A1C%

Probability of A1C
Reduction (> 0.7%)

469,72,82,101
558,61,65,73,95
574,92,98,99,103
364,89,93
——
——

207
——
——
663
366
497
308
2190
792
479
——
——

-1.07 (-1.43, -0.70)
-0.78 (-1.03, -0.53)
-0.75 (-1.08, -0.43)
-0.78 (-0.95, -0.60)
-0.63 (-0.92, -0.37)
-0.82 (-1.02, -0.62)
-0.85 (-1.19, -0.53)
-0.76 (-0.91, -0.62)
-0.74 (-0.97, -0.52)
-0.85 (-1.07, -0.64)
-0.92 (-1.26, -0.57)
-1.14 (-1.53, -0.75)

27.3%
1.4%
2.5%
0.3%
0.2%
1.5%
2.2%
0.1%
0.9%
1.4%
3.3%
58.8%

97.6%
75.1%
63.2%
83.3%
30.0%
89.1%
80.9%
79.7%
64.8%
92.5%
90.5%
98.6%

——
——
——
——
——
171
——
——
——
——
181

——
——
——
——
——
318
——
——
——
——
130

0.29 (-0.15, 0.71)
0.32 (-0.17, 0.79)
0.29 (-0.09, 0.67)
0.43 (-0.02, 0.88)
0.25 (-0.16, 0.65)
0.22 (-0.12, 0.52)
0.31 (-0.08, 0.69)
0.32 (-0.11, 0.74)
0.21 (-0.17, 0.59)
0.14 (-0.24, 0.53)
-0.07 (-0.42, 0.28)

183
——
——
363,89,90
284,87
266,78

Second-Line Therapy for Patients With Diabetes Inadequately Controlled on Metformin:
A Systematic Review and Cost-Effectiveness Analysis

0.0%
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0.0%
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0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.1%
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MTC Sensitivity Analysis — A1C ― Individual Agent-Level Meta-analysis
No. of Trials

Treatment vs Placebo

Gliclazide vs:
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glipizide vs:
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glimepiride vs:
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine

No. of
Patients

Individual Agent-Level
MTC Effect Estimate
(95% CI)

Probability Most
Effective at
Reducing A1C%

Probability of A1C
Reduction (> 0.7%)

——
1100
197
162
——
——
——
——
——
——

——
219
262
630
——
——
——
——
——
——

0.03 (-0.37, 0.42)
0.00 (-0.23, 0.24)
0.15 (-0.15, 0.43)
-0.04 (-0.28, 0.20)
0.07 (-0.48, 0.31)
0.02 (-0.24, 0.27)
0.04 (-0.30, 0.37)
-0.07 (-0.38, 0.24)
-0.15 (-0.54, 0.28)
-0.36 (-0.80, 0.10)

0.1%
0.0%
0.0%
0.0%
0.2%
0.0%
0.0%
0.0%
0.5%
6.1%

——
——
——
——
188
——
——
——
——

——
——
——
——
1172
——
——
——
——

-0.03 (-0.36, 0.33)
0.12 (-0.31, 0.53)
-0.07 (-0.42, 0.30)
-0.10 (-0.56, 0.34)
-0.01 (-0.31, 0.29)
0.01 (-0.39, 0.41)
-0.11 (-0.48, 0.29)
-0.18 (-0.62, 0.31)
-0.39 (-0.88, 0.12)

0.0%
0.1%
0.1%
0.8%
0.0%
0.1%
0.2%
1.2%
9.9%

——
291,102
1104
168
——
289,90
——

——
238
12
2789
——
1040
——

0.15 (-0.17, 0.43)
-0.04 (-0.24, 0.15)
-0.07 (-0.43, 0.26)
0.02 (-0.18, 0.19)
0.04 (-0.26, 0.31)
-0.08 (-0.32, 0.17)
-0.15 (-0.51, 0.22)

0.0%
0.0%
0.1%
0.0%
0.0%
0.0%
0.2%
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MTC Sensitivity Analysis — A1C ― Individual Agent-Level Meta-analysis
No. of Trials

Treatment vs Placebo

Biphasic insulin
Nateglinide and repaglinide vs:
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Pioglitazone vs:
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Rosiglitazone vs:
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and Glargine
Biphasic insulin
Vildagliptin and sitagliptin vs:
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Acarbose and miglitol vs:
Exenatide and liraglutide

No. of
Patients

Individual Agent-Level
MTC Effect Estimate
(95% CI)

Probability Most
Effective at
Reducing A1C%

Probability of A1C
Reduction (> 0.7%)

——

——

-0.36 (-0.77, 0.05)

5.0%

——
——
——
——
——
——
——

——
——
——
——
——
——
——

-0.19 (-0.49, 0.13)
-0.22 (-0.64, 0.20)
-0.12 (-0.42, 0.17)
-0.11 (-0.46, 0.25)
-0.22 (-0.56, 0.13)
-0.29 (-0.71, 0.16)
-0.50 (-0.96, -0.03)

0.1%
1.3%
0.0%
0.1%
0.3%
2.9%
19.9%

——
157
——
——
——
——

——
575
——
——
——
——

-0.03 (-0.41, 0.33)
0.06 (-0.15, 0.25)
0.08 (-0.23, 0.37)
-0.03 (-0.31, 0.25)
-0.11 (-0.48, 0.28)
-0.32 (-0.74, 0.11)

0.0%
0.0%
0.0%
0.0%
0.2%
3.8%

1101
——
——
——
——

181
——
——
——
——

0.09 (-0.25, 0.44)
0.11 (-0.29, 0.51)
-0.01 (-0.36, 0.38)
-0.08 (-0.48, 0.36)
-0.29 (-0.69, 0.14)

0.0%
0.0%
0.0%
0.1%
2.3%

——
——
——
——

——
——
——
——

0.01 (-0.25, 0.28)
-0.10 (-0.34, 0.16)
-0.17 (-0.52, 0.21)
-0.38 (-0.78, 0.04)

0.0%
0.0%
0.2%
5.7%

——

——

-0.11 (-0.42, 0.21)

0.0%
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MTC Sensitivity Analysis — A1C ― Individual Agent-Level Meta-analysis
No. of Trials

Treatment vs Placebo

Insulin NPH and glargine
Biphasic insulin
Exenatide and liraglutide vs:
Insulin NPH and glargine
Biphasic insulin
Insulin NPH and glargine vs:
Biphasic insulin

No. of
Patients

Individual Agent-Level
MTC Effect Estimate
(95% CI)

Probability Most
Effective at
Reducing A1C%

Probability of A1C
Reduction (> 0.7%)

——
——

——
——

-0.18 (-0.58, 0.24)
-0.39 (-0.83, 0.06)

0.7%
8.3%

253,60
——

145
——

-0.07 (-0.37, 0.23)
-0.28 (-0.66, 0.09)

0.0%
1.5%

280,94

297

-0.21 (-0.51, 0.08)

0.2%

DIC = 41.458
A1C = glycosylated hemoglobin; CI = confidence interval; DIC = deviance information criterion; MTC = mixed treatment comparison; NPH = neutral protamine Hagedorn;
vs = versus.
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APPENDIX 19: FULL MTC RESULTS FOR BODY WEIGHT FROM INDIVIDUAL
AGENT-LEVEL META-ANALYSIS
MTC Sensitivity Analysis — Weight (Individual Agent-Level Meta-analysis)
Treatment vs Placebo

Metformin monotherapy vs:
Glyburide
Gliclazide
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glyburide vs:
Gliclazide
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin

No. of Trials

No. of
Patients

Individual Agent Level
MTC Effect Estimate (95%
CrI)

Probability Most Effective at
Reducing Weight

183
——
——
263,89
284,87
266,78
272,101
358,73,101
392,99,103
264,89
——
——

207
——
——
294
366
497
258
923
404
408
——
——

2.74 (1.53, 4.02)
1.59 (0.18, 3.11)
2.99 (1.18, 4.82)
2.10 (1.15, 3.05)
1.56 (0.43, 2.78)
2.47 (1.61, 3.35)
2.12 (1.04, 3.26)
0.49 (-0.31, 1.32)
-0.89 (-1.97, 0.15)
-1.63 (-2.91, -0.35)
1.86 (0.26, 3.48)
3.36 (1.75, 5.06)

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.1%
17.9%
81.9%
0.0%
0.0%

——
——
——
——
——
171
——
——
——
——
181

——
——
——
——
——
318
——
——
——
——
130

-1.15 (-3.06, 0.77)
0.25 (-1.93, 2.39)
-0.65 (-2.20, 0.87)
-1.18 (-2.86, 0.54)
-0.28 (-1.79, 1.21)
-0.62 (-1.93, 0.69)
-2.26 (-3.71, -0.84)
-3.64 (-5.30, -2.03)
-4.38 (-5.98, -2.80)
-0.89 (-2.52, 0.73)
0.61 (-0.85, 2.10)

See above
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MTC Sensitivity Analysis — Weight (Individual Agent-Level Meta-analysis)
Treatment vs Placebo

Gliclazide vs:
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glipizide vs:
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glimepiride vs:
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine

No. of Trials

No. of
Patients

Individual Agent Level
MTC Effect Estimate (95%
CrI)

Probability Most Effective at
Reducing Weight

——
——
197
162
——
——
——
——
——
——

——
——
262
630
——
——
——
——
——
——

1.39 (-0.91, 3.62)
0.50 (-1.17, 2.09)
-0.03 (-1.45, 1.39)
0.87 (-0.55, 2.23)
0.53 (-1.29, 2.35)
-1.11 (-2.73, 0.43)
-2.49 (-4.34, -0.75)
-3.23 (-5.18, -1.33)
0.26 (-1.90, 2.41)
1.76 (-0.42, 3.98)

See above

——
——
——
——
188
——
——
——
——

——
——
——
——
1172
——
——
——
——

-0.89 (-2.81, 1.02)
-1.42 (-3.51, 0.76)
-0.52 (-2.41, 1.37)
-0.86 (-2.88, 1.23)
-2.50 (-4.12, -0.87)
-3.88 (-5.98, -1.82)
-4.62 (-6.81, -2.41)
-1.13 (-3.52, 1.31)
0.37 (-2.01, 2.86)

See above

——
291,102
——
168
——
189
——

——
238
——
2789
——
72
——

-0.53 (-1.95, 0.99)
0.37 (-0.65, 1.42)
0.03 (-1.38, 1.46)
-1.61 (-2.63, -0.58)
-2.99 (-4.41, -1.58)
-3.73 (-5.25, -2.19)
-0.24 (-2.05, 1.60)

See above
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MTC Sensitivity Analysis — Weight (Individual Agent-Level Meta-analysis)
Treatment vs Placebo

Biphasic insulin
Nateglinide and repaglinide vs:
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Pioglitazone vs:
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Rosiglitazone vs:
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Vildagliptin and sitagliptin vs:
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Acarbose and miglitol vs:
Exenatide and liraglutide

No. of Trials

No. of
Patients

Individual Agent Level
MTC Effect Estimate (95%
CrI)

Probability Most Effective at
Reducing Weight

——

——

1.26 (-0.56, 3.17)

——
——
——
——
——
——
——

——
——
——
——
——
——
——

0.90 (-0.49, 2.20)
0.56 (-1.07, 2.13)
-1.08 (-2.53, 0.27)
-2.46 (-4.08, -0.93)
-3.20 (-4.94, -1.49)
0.29 (-1.71, 2.25)
1.79 (-0.24, 3.80)

See above

——
157
——
——
——
——

——
576
——
——
——
——

-0.34 (-1.70, 1.06)
-1.98 (-2.97, -0.98)
-3.36 (-4.74, -2.02)
-4.10 (-5.61, -2.57)
-0.61 (-2.39, 1.23)
0.89 (-0.92, 2.78)

See above

1101
——
——
——
——

181
——
——
——
——

-1.64 (-2.91, -0.41)
-3.02 (-4.59, -1.52)
-3.76 (-5.39, -2.17)
-0.27 (-2.09, 1.54)
1.23 (-0.54, 3.05)

See above

——
——
——
——

——
——
——
——

-1.38 (-2.74, -0.06)
-2.12 (-3.61, -0.64)
1.37 (-0.38, 3.16)
2.87 (1.11, 4.73)

See above

——

——

-0.74 (-2.38, 0.92)

See above
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MTC Sensitivity Analysis — Weight (Individual Agent-Level Meta-analysis)
Treatment vs Placebo

Insulin NPH and glargine
Biphasic insulin
Exenatide and liraglutide vs:
Insulin NPH and glargine
Biphasic insulin
Insulin NPH and glargine vs:
Biphasic insulin

No. of Trials

No. of
Patients

Individual Agent Level
MTC Effect Estimate (95%
CrI)

Probability Most Effective at
Reducing Weight

——
——

——
——

2.75 (0.86, 4.69)
4.25 (2.34, 6.28)

253,60
——

145
——

3.49 (2.18, 4.84)
4.99 (3.43, 6.64)

See above

280,94

297

1.50 (0.29, 2.75)

See above

Crl = credible interval; NPH = neutral protamine Hagedorn; MTC = mixed treatment comparison; vs = versus.
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APPENDIX 20: MTC RESULTS FOR OVERALL HYPOGLYCEMIA FROM INDIVIDUAL
AGENT-LEVEL META-ANALYSIS
MTC Sensitivity Analysis — Overall Hypoglycemia — Individual Agent-Level Meta-analysis
No. Trials

Treatment vs Placebo

Metformin monotherapy vs:
Glyburide
Gliclazide
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glyburide vs:
Gliclazide
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin

MTC Effect Estimate
Mean
OR

Median OR

95% CrI

Probability Most
Effective

299,103
253,64
——
——

207
——
——
294
366
497
308
2428
321
298
——
——

16.46
4.52
12.64
10.89
7.08
0.69
1.87
1.09
1.15
1.65
9.92
22.02

13.18
3.61
8.95
9.54
5.55
0.54
1.61
0.98
0.41
1.31
7.19
16.19

4.15, 48.00
1.30, 13.35
2.29, 43.55
4.34, 25.66
2.21, 20.99
0.18, 2.07
0.54, 4.73
0.49, 2.28
0.01, 6.99
0.37, 4.93
1.75, 34.19
3.99, 74.47

0.0%
0.0%
0.1%
0.0%
0.0%
34.8%
1.8%
3.0%
54.1%
4.5%
0.0%
0.0%

——
——
——
——
——
171
——
——
——
——
181

——
——
——
——
——
318
——
——
——
——
222

0.41
1.12
0.97
0.64
0.06
0.14
0.10
0.11
0.13
0.69
1.46

0.27
0.68
0.72
0.42
0.04
0.12
0.07
0.03
0.10
0.54
1.23

0.06, 1.48
0.11, 4.49
0.18, 3.28
0.10, 2.38
0.01, 0.24
0.04, 0.34
0.02, 0.32
0.00, 0.71
0.02, 0.42
0.14, 2.12
0.38, 3.93

See above

183
——
——
263,89
284,87
266,78
469,72,82,101
7

No.
Patients

58,59,61,65,73,95,101
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MTC Sensitivity Analysis — Overall Hypoglycemia — Individual Agent-Level Meta-analysis
No. Trials

Treatment vs Placebo

Gliclazide vs:
Glipizide
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glipizide vs:
Glimepiride
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Glimepiride vs:
Nateglinide and repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine

No.
Patients

MTC Effect Estimate
Mean
OR

Median OR

95% CrI

Probability Most
Effective

——
1100
197
162
——
——
——
——
——
——

——
484
213
630
——
——
——
——
——
——

3.69
3.01
1.85
0.17
0.58
0.32
0.35
0.50
3.00
6.68

2.51
2.63
1.54
0.15
0.44
0.27
0.11
0.36
1.98
4.46

0.41, 13.53
0.89, 7.27
0.55, 5.03
0.05, 0.45
0.08, 1.84
0.08, 0.87
0.00, 2.12
0.06, 1.77
0.31, 11.78
0.68, 25.81

See above

——
——
——
——
188
——
——
——
——

——
——
——
——
1172
——
——
——
——

1.46
1.07
0.09
0.26
0.13
0.16
0.23
1.42
3.16

1.06
0.61
0.06
0.18
0.11
0.04
0.15
0.80
1.80

0.23, 5.11
0.12, 4.13
0.01, 0.37
0.03, 0.95
0.03, 0.38
0.00, 0.95
0.02, 0.93
0.10, 6.09
0.23, 13.21

See above

——
1102
1104
168
——
189
——

——
203
12
2789
——
72
——

0.74
0.07
0.21
0.11
0.13
0.18
1.07

0.59
0.06
0.17
0.10
0.04
0.14
0.76

0.19, 2.14
0.02, 0.18
0.04, 0.59
0.04, 0.25
0.00, 0.74
0.03, 0.55
0.14, 3.84

See above
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MTC Sensitivity Analysis — Overall Hypoglycemia — Individual Agent-Level Meta-analysis
No. Trials

Treatment vs Placebo

Biphasic insulin
Nateglinide and repaglinide vs:
Pioglitazone
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Pioglitazone vs:
Rosiglitazone
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Rosiglitazone vs:
Vildagliptin and sitagliptin
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Vildagliptin and sitagliptin vs:
Acarbose and miglitol
Exenatide and liraglutide
Insulin NPH and glargine
Biphasic insulin
Acarbose and miglitol vs:
Exenatide and liraglutide

No.
Patients

MTC Effect Estimate
Mean
OR

Median OR

95% CrI

Probability Most
Effective

——

——

2.39

1.70

0.31, 8.44

——
——
——
——
——
——
——

——
——
——
——
——
——
——

0.12
0.36
0.21
0.22
0.31
1.89
4.18

0.10
0.28
0.18
0.07
0.23
1.28
2.89

0.02, 0.36
0.05, 1.13
0.05, 0.55
0.00, 1.38
0.04, 1.08
0.19, 7.09
0.43, 15.52

See above

——
157
——
——
——
——

——
575
——
——
——
——

3.99
2.20
2.42
3.46
20.80
46.61

2.95
1.82
0.74
2.42
13.31
29.89

0.53, 13.32
0.50, 6.20
0.02, 14.64
0.40, 13.03
1.92, 84.61
4.33, 185.40

See above

1101
——
——
——
——

181
——
——
——
——

0.78
0.91
1.13
6.40
13.86

0.61
0.26
0.82
4.43
10.05

0.19, 2.42
0.01, 5.69
0.19, 3.83
1.03, 23.03
2.45, 46.53

See above

——
——
——
——

——
——
——
——

1.20
1.72
10.26
22.90

0.41
1.35
7.33
16.55

0.01, 6.87
0.29, 5.44
1.40, 36.65
3.07, 80.14

See above

——

——

42.74

3.25

0.14, 154.90

See above
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MTC Sensitivity Analysis — Overall Hypoglycemia — Individual Agent-Level Meta-analysis
No. Trials

Treatment vs Placebo

Insulin NPH and glargine
Biphasic insulin
Exenatide and liraglutide vs:
Insulin NPH and glargine
Biphasic insulin
Insulin NPH and glargine vs:
Biphasic insulin

No.
Patients

MTC Effect Estimate
Mean
OR

Median OR

95% CrI

Probability Most
Effective

——
——

——
——

295.40
649.60

17.31
39.02

0.71, 871.80
1.63, 1953.00

253,60
——

145
——

6.86
16.22

5.45
12.31

1.65, 20.58
3.14, 51.82

See above

280,94

297

2.49

2.25

0.89, 5.48

See above

DIC = 320.1
Crl = credible interval; DIC = deviance information criterion; NPH = neutral protamine Hagedorn; MTC = mixed treatment comparison; OR = odds ratio; vs = versus.
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APPENDIX 21: FOREST PLOTS FOR REFERENCE CASE
ANALYSIS
Forest Plot: Difference in change from baseline in A1C for second-line agents
relative to placebo added to metformin

Sulfonylureas
Meglitinides
Thiazolidinediones
DPP-4 inhibitors
Alpha-glucosidase
GLP-1 analogues
Basal insulins
Biphasic insulins

Difference in change from baseline in A1C (%)

-1.5

-1.0

-0.5

0.0

Difference in change from baseline in A1C (%)

A1C = glycosylated hemoglobin; DDP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1.
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Forest Plot: Difference in change from baseline in body weight for second-line agents
relative to placebo added to metformin
Sulfonylureas
Meglitinides
Thiazolidinediones
DPP-4 inhibitors
Alpha-glucosidase
GLP-1 analogues
Basal insulins
Biphasic insulins

Difference in change from baseline in weight (kg)
DDP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; kg = kilograms.
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Forest Plot: Odds ratios for overall hypoglycemia for second-line agents
relative to placebo added to metformin

Sulfonylureas
Meglitinides

Thiazolidinediones

DPP-4 inhibitors

Alpha-glucosidase
inhibitors
GLP-1 analogues
Basal insulins

Biphasic insulins
0.0

5.0

10.0

15.0

20.0

Overall hypoglycemia (odds ratio)

DDP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1.
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APPENDIX 22: FOREST PLOTS FOR DOSE-STRATIFIED
ANALYSIS
Forest Plot: Difference in change from baseline in A1C for second-line agents
relative to placebo added to metformin

Titrated sulfonylureas
Low-dose sulfonylureas
High-dose sulfonylureas
Titrated meglitinides
Low dose meglitinides
High-dose meglitinides
Titrated thiazolidinediones
Low-dose thiazolidinediones
High-dose thiazolidinediones
Low-dose DPP-4 inhibitors
High-dose DPP-4 inhibitors
Titrated alpha-glucosidase
inhibitors
Titrated GLP-1 analogues
Low-dose GLP-1 analogues
High-dose GLP-1 analogues
Titrated basal insulins
Titrated biphasic insulins

-1.5

-1.0

-0.5

0.0

Difference in change from baseline in A1C (%)
A1C = glycosylated hemoglobin; DDP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1.
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Forest Plot: Difference in change from baseline in body weight for second-line agents
relative to placebo added to metformin

Titrated sulfonylureas
Low-dose sulfonylureas
High-dose sulfonylureas
Titrated meglitinides
Low-dose meglitinides
High-dose meglitinides
Titrated thiazolidinediones
Low-dose thiazolidinediones
High-dose thiazolidinediones
Low dose DPP-4 inhibitors
High-dose DPP-4 inhibitors
Titrated alpha-glucosidase inhibitors
Titrated GLP-1 analogues
Low-dose GLP-1 analogues
High-dose GLP-1 analogues
Titrated basal insulins
Titrated biphasic insulins

-5.0

0.0

5.0

Difference in change from baseline in weight (kg)
DDP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1.
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Forest Plot: Odds ratios for overall hypoglycemia for second-line agents
relative to placebo added to metformin

Titrated sulfonylureas
Titrated meglitinides
High-dose meglitinides
Low-dose meglitinides
Titrated thiazolidinediones
Low-dose thiazolidinediones
Low-dose DPP-4 inhibitors
High-dose thiazolidinediones
High-dose DPP-4 inhibitors
Titrated alpha-glucosidase
inhibitors
Titrated GLP-1
Low-dose GLP-1
Titrated basal
High-dose GLP-1
Titrated biphasic
insulins

0.0

5.0

10.0

15.0

20.0

Overall hypoglycemia (odds ratio)

DDP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1.
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APPENDIX 23: FOREST PLOTS FOR INDIVIDUAL AGENT
ANALYSIS
Forest Plot: Difference in change from baseline in hemoglobin A1C for second-line agents
relative to placebo added to metformin
Glyburide
Gliclazide
Glipizide
Glimepiride
Nateglinide & repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin & sitagliptin
Acarbose & miglitol
Exenatide & liraglutide
Insulin NPH & glargine
Biphasic insulin

Difference in change from baseline in A1C (%)

-1.5

-1.0

-0.5

0.0

Difference in change from baseline in A1C (%)
A1C = glycosylated hemoglobin; NPH = neutral protamine Hagedorn.
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Forest Plot: Difference in change from baseline in body weight for second-line agents
relative to placebo added to metformin

Glyburide
Gliclazide
Glipizide
Glimepiride
Nateglinide & repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin & sitagliptin
Acarbose & miglitol
Exenatide & liraglutide
Insulin NPH & glargine
Biphasic insulin

-5.0

0.0

5.0

Difference in change from baseline in body weight (kg)
kg = kilogram; NPH = neutral protamine Hagedorn.
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Forest Plot: Odds ratios for overall hypoglycemia for second-line agents
relative to placebo added to metformin

Glyburide
Gliclazide
Glipizide
Glimepiride
Nateglinide & repaglinide
Pioglitazone
Rosiglitazone
Vildagliptin & sitagliptin
Acarbose & miglitol
Exenatide & liraglutide
Insulin NPH & glargine
Biphasic insulin
0.0

5.0

10.0

15.0

20.0

25.0

30.0

Overall hypoglycemia (odds ratio)

NPH = neutral protamine Hagedorn.
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APPENDIX 24: SENSITIVITY ANALYSES FOR HEMOGLOBIN A1C
The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference case analysis) with a fixed- effects model;
 the results of the sensitivity analyses for A1C
 the results of meta-regressions adjusting for baseline A1C and duration of diabetes.
MTC results are presented as the mean estimate of effect for reducing A1C from baseline (95% credible interval), with each individual
treatment relative to metformin monotherapy.

Sensitivity Analyses for A1C — MTC Estimate of Effect vs. Placebo
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4 Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1
Analogues

Basal Insulin

Biphasic Insulin

Random effects model vs fixed effects model:
Reference case ―
random-effects model

-0.80 (-0.96, -0.65)

-0.64 (-0.92, -0.38)

-0.85 (-1.02, -0.69)

-0.77 (-0.92, -0.64)

-0.75 (-0.98, -0.51)

-0.82 (-1.05, -0.60)

-0.82 (-1.16, -0.48)

-0.97 (-1.33, -0.62)

Reference case ― fixedeffects model

-0.79 (-0.87, -0.70)

-0.60 (-0.78, -0.43)

-0.85 (-0.94, -0.76)

-0.74 (-0.82, -0.66)

-0.73 (-0.92, -0.54)

-0.83 (-0.99, -0.68)

-0.84 (-1.09, -0.60)

-0.96 (-1.20, -0.72)

Meta-regressions adjusting for:
Baseline A1C

-0.82 (-0.99, -0.65)

-0.64 (-0.93, -0.36)

-0.83 (-1.00, -0.66)

-0.80 (-0.95, -0.66)

-0.75 (-0.99, -0.51)

-0.84 (-1.07, -0.61)

-0.89 (-1.26, -0.52)

-1.00 (-1.36, -0.63)

Baseline duration of
diabetes

-0.81 (-0.98, -0.64)

-0.65 (-0.95, -0.37)

-0.81 (-0.99, -0.64)

-0.80 (-0.95, -0.65)

-0.72 (-0.97, -0.47)

-0.86 (-1.11, -0.61)

-0.87 (-1.26, -0.49)

-0.97 (-1.34, -0.60)

Sensitivity analyses with removal of:
Poor-quality studies

-0.87 (-1.35, -0.43)

-0.71 (-1.24, -0.24)

-0.83 (-1.46, -0.27)

-0.78 (-1.54, -0.02)

-0.73 (-1.23, -0.24)

-0.90 (-1.67, -0.14)

-0.95 (-2.05, 0.15)

-1.07 (-1.99, -0.20)

Crossover studies

-0.79 (-0.96, -0.63)

-0.65 (-0.94, -0.37)

-0.82 (-1.00, -0.65)

-0.80 (-0.95, -0.65)

-0.75 (-0.99, -0.51)

-0.83 (-1.07, -0.59)

-0.79 (-1.21, -0.36)

-0.95 (-1.35, -0.56)

Studies < 1 year in
duration

-0.82 (-1.02, -0.61)

-0.64 (-1.02, -0.30)

-0.78 (-0.98, -0.60)

-0.80 (-0.97, -0.64)

-0.74 (-1.00, -0.48)

-0.82 (-1.06, -0.58)

-0.87 (-1.28, -0.46)

-1.02 (-1.42, -0.62)

Studies with
< 1,500 mg/day of
metformin at baseline

-0.83 (-1.04, -0.63)

-0.67 (-0.99, -0.36)

-0.86 (-1.13, -0.60)

-0.79 (-0.97, -0.62)

-0.74 (-1.02, -0.46)

-0.90 (-1.27, -0.52)

-0.88 (-1.31, -0.44)

-1.03 (-1.45, -0.61)

Studies < 3 months in
duration

-0.83 (-1.00, -0.67)

-0.66 (-0.95, -0.38)

-0.85 (-1.03, -0.68)

-0.81 (-0.96, -0.67)

-0.74 (-0.99, -0.50)

-0.90 (-1.25, -0.56)

-0.89 (-1.28, -0.50)

-1.02 (-1.40, -0.65)

Studies with agents not
sold in Canada

-0.82 (-1.04, -0.61)

-0.67 (-0.99, -0.37)

-0.88 (-1.11, -0.67)

-0.73 (-0.97, -0.51)

-0.85 (-1.14, -0.55)

———

-0.87 (-1.52, -0.23)

-1.02 (-1.55, -0.50)

A1C = glycosylated hamoglobin; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; N/A = not applicable; TZDs = thiazolidinediones; vs = versus.
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The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference case analysis) with a fixed- effects model
 the results of the sensitivity analyses for A1C
 the results of meta-regressions adjusting for baseline A1C and duration of diabetes.
MTC results are presented as the probability of having the largest reduction in A1C with each individual treatment relative to metformin
monotherapy.

Sensitivity Analyses for A1C — Probability of Largest Reduction in A1C
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4
Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1
Analogues

Basal Insulin

Biphasic
Insulin

Random-effects model vs fixed-effects model:
Reference case ―
random-effects model

1.8%

1.5%

12.8%

1.4%

6.0%

8.2%

7.9%

60.4%

Reference case ―
fixed-effects model

0.1%

0.1%

11.3%

0.0%

2.9%

7.9%

9.2%

68.5%

Meta-regressions adjusting for:
Baseline A1c

2.6%

1.4%

6.3%

2.7%

5.2%

7.9%

16.9%

56.9%

Baseline duration of
diabetes

2.6%

2.0%

5.8%

3.7%

4.7%

13.1%

17.6%

50.6%

Sensitivity analyses with removal of:
Poor-quality studies

3.2%

2.3%

5.7%

10.2%

3.8%

10.6%

26.7%

37.6%

Crossover studies

2.1%

2.2%

8.9%

4.3%

7.3%

13.6%

8.5%

53.3%

Studies < 1 year in
duration

4.3%

3.5%

2.4%

4.7%

4.8%

6.9%

12.1%

61.4%

Studies with < 1,500
mg/day of metformin
at baseline

2.5%

1.8%

11.4%

1.8%

4.4%

16.4%

9.2%

52.4%

Studies < 3 months in
duration

2.3%

1.2%

6.8%

2.4%

3.8%

17.6%

9.7%

56.2%

Studies with agents not
sold in Canada

1.8%

2.0%

13.7%

1.8%

17.0%

———

15.5%

48.1%

A1C = glycosylated hemoglobin; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; TZDs = thiazolidinediones; vs = versus.
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The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference case analysis) with a fixed- effects model
 the results of the sensitivity analyses for A1C
 the results of meta-regressions adjusting for baseline A1C and duration of diabetes.
MTC results are presented as the mean rank for each treatment, which represents the average ranking for that agent relative to the others
over the 40,000 simulations. For example, a lower number indicates that a particular treatment had the largest reduction in A1C for the
majority of simulations (relative to other treatments), while a higher number indicates that a treatment had the smallest reduction in A1C.

Sensitivity Analyses for A1C — Mean Rank
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4
Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1
Analogues

Basal
Insulin

Biphasic Insulin

Random-effects model vs fixed-effects model:
Reference case ―
random-effects model

4.6

6.9

3.3

5.2

5.5

4.1

4.3

2.1

Reference case ―
fixed-effects model

4.6

7.6

2.9

6.2

5.7

3.6

3.7

1.7

Meta-regressions adjusting for:
Baseline A1c

4.5

7.0

4.2

4.9

5.6

4.1

3.5

2.1

Baseline duration of
diabetes

4.6

6.8

4.4

4.6

5.9

3.7

3.7

2.4

Sensitivity analyses with removal of:
Poor-quality studies

4.2

5.7

4.7

5.0

5.5

4.1

3.9

3.0

Crossover studies

4.6

6.7

3.9

4.5

5.3

3.9

4.7

2.4

Studies < 1 year in
duration

4.2

6.6

5.1

4.5

5.6

4.2

3.8

2.0

Studies with
< 1,500 mg/day of
metformin at baseline

4.5

6.6

4.0

5.2

5.8

3.7

4.1

2.2

Studies < 3 months in
duration

4.6

7.0

4.1

4.9

5.9

3.6

4.0

2.1

Studies with agents not
sold in Canada

4.1

5.8

3.1

5.3

3.7

———

3.8

2.2

A1C = glycosylated haemoglobin; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1;MTC = mixed treatment comparison; N/A = not applicable;
TZDs = thiazolidinediones; vs = versus.
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The following presents the model fit parameters for each sensitivity analysis and meta regressionconducted for A1C.

Sensitivity Analyses for A1C ― Model Fit Parameters
Analysis

Residual Deviance

Unconstrained Data
Points

DIC

Reference case — random-effects model

39.31

43

-5.704

Reference case — fixed-effects model

73.52

43

13.792

Baseline A1C

37.14

43

-7.455

Baseline duration of diabetes

37.65

43

-6.635

Poor-quality studies

14.75

15

3.721

Crossover studies

37.19

41

-6.498

Studies > 1 year in duration

33.98

36

4.440

Studies with < 1,500 mg/day of metformin at baseline

28.8

31

-3.880

Studies < 3 months in duration

34.9

40

-7.156

Studies with agents not sold in Canada

25.22

29

1.573

Random-effects model vs fixed-effects model:

Meta-regressions adjusting for:

Sensitivity analyses with removal of:

A1C = glycosylated hemoglobin; DIC = deviance information criterion; vs = versus.
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APPENDIX 25: SENSITIVITY ANALYSES FOR BODY WEIGHT
The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference-case analysis) with a fixed- effects model
 the results of the sensitivity analyses for body weight
 the results of meta-regressions adjusting for baseline body mass index.
MTC results are presented as the mean estimate of effect for reducing body weight from baseline (95% credible interval) with each individual
treatment relative to metformin monotherapy.

Sensitivity Analyses for Change In Body Weight from Baseline ― MTC Estimate of Effect Vs. Placebo
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4
Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1
Analogues

Basal Insulin

Biphasic
Insulin

Random-effects model vs fixed-effects model:
Reference case —
random-effects
model

2.01 (1.10, 2.93)

1.80 (0.36,
3.28)

2.59 (1.67,
3.51)

0.57 (-0.45, 1.61)

-0.92 (-2.35,
0.53)

-1.79 (-3.41,
-0.15)

1.55 (-0.46, 3.61)

2.95 (0.95,
5.00)

Reference case —
fixed-effects
model

1.80 (1.51, 2.10)

1.36 (0.84,
1.89)

2.52 (2.24,
2.80)

0.32 (-0.02, 0.60)

-0.80 (-1.35,
-0.24)

-1.86 (-2.65,
-1.08)

1.34 (0.49, 2.17)

2.49 (1.79,
3.23)

1.79 (0.30,
3.30)

2.68 (1.63,
3.72)

0.63 (-0.45, 1.73)

-0.90 (-2.36,
0.55)

-1.86 (-3.55,
-0.15)

1.49 (-0.60, 3.62)

2.93 (0.88,
5.03)

1.80 (0.33,
3.31)

2.59 (1.66,
3.51)

0.58 (-0.45, 1.62)

-0.91 (-2.36,
0.54)

-1.89 (-3.59,
-0.18)

1.91 (-0.44, 4.31)

3.20 (1.01,
5.44)

Meta-regressions adjusting for:
Baseline BMI
(kg/m2)

2.04 (1.09, 3.00)

Sensitivity analyses with removal of:
Crossover studies

2.04 (1.11, 2.98)

BMI = body mass index; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; TZDs = thiazolidinediones; vs = versus.
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The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference case analysis) with a fixed- effects model
 the results of the sensitivity analyses for removal of crossover studies
 the results of meta-regressions adjusting for baseline body mass index.
MTC results are presented as the probability of having the largest reduction in body weight with each individual treatment relative to
metformin monotherapy.

Sensitivity Analyses for Change In Body Weight From Baseline ― Probability of Largest Reduction In Body Weight
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4
Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1
Analogues

Basal
Insulin

Biphasic
Insulin

Random-effects model vs fixed-effects model:
Reference case —
random effects model

0.0%

0.0%

0.0%

0.2%

20.9%

78.7%

0.0%

0.0%

Reference case —
fixed-effects model

0.0%

0.0%

0.0%

0.0%

1.4%

98.6%

0.0%

0.0%

0.0%

0.0%

0.2%

19.3%

80.4%

0.0%

0.0%

0.0%

0.0%

0.1%

18.7%

80.9%

0.1%

0.0%

Meta-regressions adjusting for:
Baseline BMI (kg/m2)

0.0%

Sensitivity analyses with removal of:
Crossover studies

0.0%

BMI = body mass index, DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; TZDs = thiazolidinediones; vs = versus.
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The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference case analysis) with a fixed- effects model
 the results of the sensitivity analyses for body weight
 the results of meta-regressions adjusting for baseline body mass index.
MTC results are presented as the mean rank for each treatment, which represents the average ranking for that agent relative to the others
over the 40,000 simulations. For example, a lower number indicates that a particular treatment had the largest reduction in body weight for
the majority of simulations (relative to other treatments), while a higher number indicates that a treatment had the smallest reduction in body
weight.

Sensitivity Analyses for Change In Body Weight From Baseline ― Mean Rank
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4
Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1
Analogues

Basal Insulin

Biphasic
Insulin

Random-effects model vs fixed effects model:
Reference case —
random-effects
model

6.5

6.2

7.9

4.1

2.0

1.2

5.7

8.3

Reference case —
fixed-effects model

6.8

5.6

8.5

4.0

2.0

1.0

5.6

8.4

6.2

8.0

4.2

2.0

1.2

5.5

8.2

6.0

7.7

4.1

2.0

1.2

6.1

8.4

Meta-regressions adjusting for:
Baseline BMI (kg/m2)

6.6

Sensitivity analyses with removal of:
Crossover studies

6.4

BMI = body mass index, DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; TZDs = thiazolidinediones; vs = versus.
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Sensitivity Analyses for Body Weight ― Model Fit Parameters
Analysis

Residual Deviance

Unconstrained Data
Points

DIC

Random-effects model vs fixed-effects model:
Reference case — random-effects model

30.98

32

69.219

Reference case — fixed-effects model

212.7

32

231.129

31.01

32

69.481

30.12

31

66.997

Meta-regressions adjusting for:
Baseline body mass index
Sensitivity analyses with removal of:
Crossover studies
DIC = deviance information criterion; vs = versus.
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APPENDIX 26: SENSITIVITY ANALYSES FOR OVERALL HYPOGLYCEMIA
The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference case analysis) with a fixed- effects model
 the results of the sensitivity analyses for overall hypoglycemia
 the results of meta-regressions adjusting for baseline A1C.
MTC results are presented as the mean odds ratio (95% credible interval) for the number of patients experiencing hypoglycemia with each
individual treatment relative to metformin monotherapy.

Sensitivity Analyses for Overall Hypoglycemia ― MTC Estimate of Effect Vs. Placebo
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4
Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1
Analogues

Basal Insulin

Biphasic
Insulin

Random-effects model vs fixed-effects model:
Reference case —
random-effects
model

8.2 (4.5, 16.6)

8.6 (3.5, 25.2)

1.1 (0.5, 2.3)

1.0 (0.6, 2.2)

0.4 (0.0, 6.7)

1.1 (0.3, 3.9)

5.2 (1.5, 21.5)

11.0 (3.5, 40.4)

Reference case —
fixed-effects model

7.6 (5.0, 11.8)

7.6 (4.1, 14.8)

1.3 (0.8, 2.1)

0.9 (0.6, 1.4)

0.4 (0.0, 5.4)

1.0 (0.4, 2.5)

4.4 (2.0, 9.5)

9.7 (5.0, 19.3)

Meta-regressions adjusting for:
Baseline A1C

8.6 (4.6, 18.1)

8.4 (3.3, 25.2)

1.1 (0.5, 2.2)

1.1 (0.6, 2.2)

0.4 (0.0, 6.6)

1.3 (0.4, 5.1)

7.1 (1.7, 36.7)

12.5 (3.8, 49.1)

Duration of trial

8.5 (4.8, 16.4)

8.3 (3.5, 22.8)

0.9 (0.5, 1.9)

1.0 (0.6, 2.1)

0.4 (0.0, 6.1)

1.1 (0.3, 3.8)

5.7 (1.7, 21.3)

11.7 (4.0, 39.2)

8.4 (3.4, 24.8)

1.1 (0.5, 2.2)

1.0 (0.6, 2.2)

0.4 (0.0, 6.8)

1.2 (0.4, 4.5)

4.6 (1.2, 19.8)

9.9 (3.1, 36.3)

Sensitivity analyses with removal of:
Crossover studies

8.0 (4.4, 16.3)

A1C = glycosylated hemoglobin; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; TZDs = thiazolidinediones; vs = versus.
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The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference case analysis) with a fixed- effects model
 the results of the sensitivity analyses for overall hypoglycemia
 the results of a meta-regression adjusting for baseline A1C.
MTC results are presented as the probability of having the fewest patients experiencing hypoglycemia with each individual treatment relative
to metformin monotherapy.

Sensitivity Analyses for Overall Hypoglycemia ― Probability of Having the Fewest Number
of Patients With Hypoglycemic Episodes
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4 Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1
Analogues

Basal Insulin

Biphasic
Insulin

Random-effects model vs fixed-effects model:
Reference case —
random-effects model

0.0%

0.0%

6.2%

7.7%

66.4%

12.9%

0.0%

0.0%

Reference case —
fixed-effects model

0.0%

0.0%

0.1%

15.6%

67.5%

12.7%

0.0%

0.0%

Meta-regressions adjusting for:
Baseline A1C

0.0%

0.0%

7.5%

7.5%

67.7%

10.1%

0.0%

0.0%

Duration of trial

0.0%

0.0%

11.5%

5.8%

66.2%

10.9%

0.0%

0.0%

0.0%

6.7%

8.3%

67.2%

10.8%

0.1%

0.0%

Sensitivity analyses with removal of:
Crossover studies

0.0%

A1C = glycosylated hemoglobin; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; TZDs = thiazolidinediones; vs = versus.
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The following information is presented in this table:
 a comparison of the MTC results generated using a random-effects model (i.e., the reference case analysis) with a fixed- effects model
 the results of the sensitivity analyses for overall hypoglycemia
 the results of a meta-regression adjusting for baseline A1C.
MTC results are presented as the mean rank for each treatment, which represents the average ranking for that agent relative to the others
over the 80,000 simulations. For example, a lower number indicates that a particular treatment had the lowest odds ratio for the majority of
simulations (relative to other treatments), while a higher number indicates that a treatment had higher odds ratios.
Sensitivity Analyses for Overall Hypoglycemia ― Mean Rank
Analysis

Sulfonylureas

Meglitinides

TZDs

DPP-4 Inhibitors

AlphaGlucosidase
Inhibitors

GLP-1 Analogues

Basal Insulin

Biphasic
Insulin

Random-effects model vs fixed-effects model:
Reference case ―
random-effects model
Reference case —
fixed-effects model

7.5

7.6

3.4

3.2

2.1

3.4

6.4

8.3

7.6

7.7

4.4

2.4

2.1

3.2

6.1

8.5

Meta-regressions adjusting for:
Baseline A1C

7.3

7.3

3.2

3.2

2.1

3.7

6.9

8.3

Duration of trial

7.5

7.5

2.9

3.3

2.1

3.6

6.5

8.4

7.7

3.4

3.1

2.1

3.6

6.3

8.2

Sensitivity analyses with removal of:
Crossover studies

7.6

A1C = glycosylated hemoglobin; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MTC = mixed treatment comparison; TZDs = thiazolidinediones; vs = versus.
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Sensitivity Analyses for Overall Hypoglycemia ― Model Fit Parameters
Analysis

Residual Deviance

Unconstrained Data
Points

DIC

Random effects model vs fixed effects model:
Reference case ―random effects model

64.63

72

325.26

Reference case ― fixed effects model

84.08

72

343.42

Baseline A1C

64.16

72

333.28

Duration of study

65.67

72

333.41

62.54

67

325.26

Meta-regressions adjusting for:

Sensitivity analyses with removal of:
Crossover studies
A1C = glycosylated hemoglobin; DIC = deviance information criterion; vs = versus.
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APPENDIX 27: PAIRWISE COMPARISONS
This summary of findings table presents the results of direct pairwise meta-analyses of studies that reported severe hypoglycemia
(24 RCTs; N = 8,650) and nocturnal hypoglycemia (6 RCTs; N = 805). Pooled estimates of effect are presented as odds ratios (95%
confidence interval). The overall quality of the evidence as assessed using GRADE is also presented. Definitions of severe
hypoglycemia and nocturnal hypoglycemia are presented in separate tables.
Summary of Findings for Hypoglycemia (Direct Pairwise Comparisons)
Outcome
Severe
hypoglycemia

Nocturnal
hypoglycemia

Comparison
Sulfonylurea vs. placebo
Meglitinide vs. placebo
TZD vs. placebo
DPP-4 inhibitor vs. placebo
alpha-glucosidase inhibitor vs. placebo
GLP-1 vs. placebo
Sulfonylurea vs. TZD
Sulfonylurea vs. DPP-4 inhibitor
Sulfonylurea vs. biphasic insulin
GLP-1 analogue vs. basal insulin
Biphasic insulin vs. basal insulin
TZD vs. DPP-4 inhibitor
Meglitinide vs. placebo

No. of Trials/Total N
3 RCTs63,83,89 (N = 501)
2 RCTs84,87 (N = 366)
3 RCTs66,69,72 (N = 627)
3 RCTs58,61,73 (N = 1,435)
1 RCT103 (N = 153)
3 RCTs70,89,103 (N = 389)
3 RCTs71,85,102 (N = 1,151)
1 RCT68 (N = 2,789)
1 RCT81 (N = 222)
2 RCTs53,60 (N = 145)
2 RCTs80,94 (N = 297)
1 RCT57 (N = 575)
2 RCTs84,87 (N = 366)

TZD vs. placebo
Alpha-glucosidase inhibitor vs. placebo
GLP-1 analogue vs. basal insulin
Biphasic insulin vs. basal insulin

1 RCT72 (N = 70)
1 RCT103 (N = 153)
1 RCT107 (N = 76)
1 RCT80 (N = 140)

OR (95% CI)
2.24 (0.34, 14.87)
No events
No events
No events
No events
0.33 (0.01, 8.40)*
No events
21.20 (1.24, 362.1)
No events
0.32 (0.01, 8.22)†
No events
No events
No events

Quality of Evidence
Low
Low
Very low
Very low
Low
Very low
Very low
Very low
Low
Very low
Very low
Very low
Low

No events
No events
0.18 (0.02, 1.61)
0.79 (0.34, 1.84)

Very low
Low
N/A: abstract only
Very low

CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; GRADE = Grading of Recommendations Assessment, Development and Evaluation;
OR = odds ratio; RCT = randomized controlled trial; TZD = thiazolidinediones; vs. = versus.
*Only a single patient out of a total of 389 patients reported an episode of severe hypoglycemia.
†
Only a single patient out of a total of 145 patients reported an episode of severe hypoglycemia.
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This summary of findings table presents the results of direct pairwise meta-analyses of studies that reported body mass index
(4 RCTs; N = 839). All values represent the change in body mass index (kg/m2) from baseline between two treatment arms.
Pooled estimates of effect are presented as mean differences (95% confidence interval). The overall quality of the evidence as
assessed using GRADE is also presented.
Summary of Findings for Body Mass Index (kg/m2)
Other Outcomes
Outcome
Body mass index

Comparison
Sulfonylurea vs. placebo
TZD vs. placebo
TZD vs. sulfonylurea

No. of Trials/Total N

WMD (95% CI)

Quality of Evidence

63

0.46 (0.17, 0.75)

Moderate

69

3.1 (1.81, 4.39)

Moderate

-0.11 (-0.47, 0.25)

Low

1 RCT (N = 372)
1 RCT (N = 292)
91,102

2 RCTs

(N = 238)

CI = confidence interval; GRADE = Grading of Recommendations Assessment, Development and Evaluation; N = total number of patients; RCT = randomized controlled trials;
TZD = thiazolidinediones; vs. = versus; WMD = weighted mean difference.
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This summary of findings table presents the results of direct pairwise meta-analyses of studies that reported long-term
complications of diabetes such as ischemic heart disease (6 RCTs; N = 2,896), congestive heart failure (4 RCTs; N = 4,147),
macular edema (1 RCT; N = 2,222), all-cause mortality (11 RCTs; N = 9,108), neuropathy (1 RCT; N = 190), peripheral vascular
disease (1 RCT; N = 2,789), stroke and transient ischemic attack (2 RCTs; N = 3,364). Pooled estimates of effect are presented as
odds ratios (95% confidence interval). The overall quality of the evidence as assessed using GRADE is also presented.
Summary of Findings for Long-Term Complications (Direct Pairwise Comparisons)
Outcome
Ischemic heart
disease

Congestive heart
failure

Macular edema
All-Cause Mortality

Neuropathy
PVD
Stroke/TIA

Comparison
TZDs vs. sulfonylureas
Alpha-glucosidase inhibitors vs. placebo
Sulfonylureas vs. meglitinides
Sulfonylureas vs. DPP-4 inhibitors
DPP-4 inhibitors vs. placebo
DPP-4 inhibitors vs. TZDs
TZDs vs. sulfonylureas
DPP-4 inhibitors vs. sulfonylureas
DPP-4 inhibitors vs. TZDs
Alpha-glucosidase inhibitors vs. placebo
TZDs vs. sulfonylureas
TZD vs. sulfonylureas
DPP-4 inhibitors vs. placebo
DPP-4 inhibitors vs. sulfonylureas
TZD vs. placebo
Alpha-glucosidase inhibitors vs. placebo
Meglitinides vs. sulfonylureas
BiAsp 30 vs. sulfonylureas
TZD vs. DPP-4 inhibitors
DPP-4 inhibitors vs. placebo
Sulfonylureas vs. DPP-4 inhibitors
Sulfonylureas vs. DPP-4 inhibitors
TZDs vs. DPP-4 inhibitors

No. of Trials/Total N
1 RCT85 (N = 630)
1 RCT103 (N = 153)
1 RCT97 (N = 213)
1 RCT88 (N = 1,135)
1 RCT95 (N = 190)
1 RCT57 (N = 575)
1 RCT62 (N = 630)
1 RCT68 (N = 2,789)
1 RCT56 (N = 575)
1 RCT103 (N = 153)
1 RCT77 (N = 2,222)
1 RCT85 (N = 630)
3 RCTs65,73,95 (N = 1,117)
2 RCTs68,88 (N = 3,924)
1 RCT69 (N = 223)
1 RCT74 (N = 152)
1 RCT97 (N = 213)
1 RCT81 (N = 222)
1 RCT55 (N = 2,627)
1 RCT95 (N = 190)
1 RCT68 (N = 2,789)
1 RCT68 (N = 2,789)
1 RCT57 (N = 575)

OR (95% CI)
2.97 (0.12, 73.22)
0.32 (0.01, 7.89)
0.18 (0.01, 3.73)
0.14 (0.01, 2.68)
3.10 (0.12, 76.97)
1.05 (0.07, 16.93)
2.49 (0.48, 12.94)
1.00 (0.14, 7.09)
No events
0.32 (0.01, 7.89)
No events
0.20 (0.01, 4.10)
0.22 (0.02, 2.16)
0.59 (0.14, 2.50)
No events
No events
No events
3.20 (0.13, 79.29)
6.05 (0.25, 148.75)
2.00 (0.36, 11.19)
0.33 (0.01, 8.17)
0.07 (0.00, 1.16)
3.18 (0.33, 30.79)

Quality of
Evidence
Very low
Low
Low
Very low
Very low
Very low
Low
Very low
Very low
Low
Very low
Very low
Very low
Very low
Low
Very low
Low
Low
Very low
Very low
Very low
Very low
Very low

BiAsp = biphasic insulin aspart; CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; GRADE = Grading of Recommendations Assessment,
Development and Evaluation; N = total number of patients; OR = odds ratio; PVD = peripheral vascular disease; RCT = randomized controlled trial; TIA = transient ischemic attack;
TZD = thiazolidinediones; vs. = versus.
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This summary of findings table presents the results of direct pairwise meta-analyses of studies with a range of patient-reported
outcomes, including the diabetes treatment satisfaction questionnaire (overall and subscales). Pooled estimates of effect are
presented as mean differences (95% confidence interval). The overall quality of the evidence as assessed using GRADE is also
presented.
Summary of Findings for Patient-Reported Outcomes (Direct Pairwise Comparisons)
Outcome
DTSQ
DTSQ (perceived
hyperglycemia)
DTSQ (perceived
hypoglycemia)
IWQoL lite
SF-36 physical
component
SF-36 mental
component

Comparison
TZD vs. placebo
Sulfonylurea vs. placebo
GLP-1 analogue vs. placebo
GLP-1 analogue vs. sulfonylurea

No. of Trials/Total N
1 RCT82 (N = 187)
1 RCT106 (N = 272)
1 RCT106 (N = 276)
1 RCT106 (N = 366)

OR (95% CI)
0.7 (-0.75, 2.15)
-0.3 (-1.03, 0.43)
-1.1 (-1.83, -0.37)
-0.8 (-1.33, -0.27)

Quality of Evidence
Very low
N/A: abstract only
N/A: abstract only
N/A: abstract only

GLP-1 analogue vs. sulfonylurea

1 RCT106 (N = 727)

0.65 (-0.27, 1.57)

N/A: abstract only

GLP-1 analogue vs. sulfonylurea

1 RCT106 (N = 366)

0.9 (-0.18, 1.98)

N/A: abstract only

TZD vs. placebo

1 RCT82 (N = 185)

-0.16 (-2.65, 2.33)

Very low

TZD vs. placebo

1 RCT82 (N = 185)

-1.75 (-4.14, 0.64)

Very low

CI = confidence interval; DTSQ = diabetes treatment satisfaction questionnaire; GLP-1 = glucagon-like peptide-1; GRADE = Grading of Recommendations Assessment, Development
and Evaluation; IWQoL = impact of weight on quality of life-lite; N = total number of patients; N/A = not applicable; OR = odds ratio; RCT = randomized controlled trial; SF-36 =
short-form health survey;TZD = thiazolidinediones; vs. = versus.
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This summary of findings table presents the results of direct pairwise meta-analyses of studies that reported severe adverse
events. Pooled estimates of effect are presented as odds ratios (95% confidence interval). The overall quality of the evidence as
assessed using GRADE is also presented.
Summary of Findings for Safety Outcomes (Direct Pairwise Comparisons)
Outcome
Severe adverse
events

Comparison
Sulfonylureas vs. placebo
TZDs vs. placebo
DPP-4 inhibitors vs. placebo
Alpha-glucosidase inhibitors vs. placebo
DPP-4 inhibitors vs. sulfonylureas
Sulfonylureas vs. meglitinides
Sulfonylureas vs. TZDs
TZDs vs. DPP-4
GLP-1 analogues vs. basal insulin
Biphasic insulin vs. basal insulin

No. of Trials/Total N
2 RCTs63,83 (N = 429)
5 RCTs69,72,78,82,101 (N = 882)
6 RCTs58,61,65,73,95,101 (N = 2,372)
2 RCTs92,103 (N = 236)
2 RCTs68,88 (N = 3,961)
1 RCT97 (N = 213)
2 RCTs91,102 (N = 231)
3 RCTs55,57,101 (N = 3,383)
1 RCT60 (N = 69)
1 RCT94 (N = 157)

OR (95% CI)
1.39 (0.35, 5.51)
0.92 (0.43, 1.99)
1.07 (0.65, 1.75)
2.28 (0.83, 6.27)
0.83 (0.60, 1.16)
4.10 (0.83, 20.19)
1.12 (0.38, 3.33)
1.71 (1.06, 2.77)
2.83 (0.11, 71.94)
0.78 (0.20, 3.01)

Quality of
Evidence
Low
Very low
Very low
Low
Very low
Low
Very low
Very low
Very low
Very low

CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; GRADE = Grading of Recommendations Assessment, Development and Evaluation;
N = total number of patients; OR = odds ratio; RCT = randomized controlled trial;TZD = thiazolidinediones; vs. = versus.
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APPENDIX 28: FOREST PLOTS FOR PAIRWISE
COMPARISONS
Comparison of sulfonylureas vs. TZDs for change in BMI from baseline
95% CI

MD

Weight(%)

Umpierrez et al. 2006

-0.12

[-0.51; 0.27]

83.9%

Papathanassiou et al. 2009

-0.08

[-0.98; 0.82]

16.1%

Pooled Estimate

-0.11

[-0.47; 0.25]

100%

-0.5
Favours SU

0

0.5
Favours TZD

CI = confidence interval; BMI = body mass index; MD = mean difference; SU = sulfonylurea;TZDs = thiazolidinediones;
vs. = versus.

CI = confidence interval; DDP-4 = dipeptidyl peptidas-4; Met = metformin; OR = odds ratio; vs. = versus.

CI = confidence interval; DDP-4 = dipeptidyl peptidas-4; OR = odd ratio; SU = sulphonylurea; vs. = versus.
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APPENDIX 29: GRADE EVIDENCE PROFILES
GRADE Summary of Quality of Evidence for A1C (Change From Baseline)
No. of
Studies
40
RCTs53,55,57,58,
60-66,68,69,71-

Limitations
Very serious
limitations

Publication
Bias
Not assessed

Imprecision

Inconsistency

Indirectness

No important
imprecision

No important
inconsistency

Very serious
indirectness

Overall Quality of
Evidence
Very low

74,77,78,80-84,8795,97-99,101-104

A1C = glycolsylated hemoglobin; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCTs = randomized controlled trials.

Study limitations

The majority of RCTs, including the largest trials, received a rating of “poor” using the Scottish Intercollegiate Guidelines Network SIGN 50
assessment of internal validity. In addition, the majority of trials failed to address two or more of the major sources of bias (i.e., proper
allocation concealment, use of intention-to-treat analysis, and equal treatment between patients in each trial arm) (-2).
Publication bias
Publication bias could not be formally assessed due to a limited number of randomized controlled trials (RCTs) for each pairwise
comparison (no decrement).



Inconsistency
I2 values of greater than 50% were observed in some pairwise meta-analyses. However, the overall body of evidence was considered to be
consistent, as a very small proportion of the RCTs included in the analysis contributed to the large I2 values. The contribution of these
studies to MTC results is likely to be negligible (no decrement).

The deviance information criterion for the fixed-effects model (13.8) was greater than that of the random-effects model (-5.7) suggesting
that the random-effects model is a better-fitting model.

The residual deviance for both models is much less than the number of unconstrained data points indicating a good model fit (no
decrement).

The results of the primary analysis were highly consistent across a wide range of sensitivity analyses and meta-regression analyses (no
decrement).


Imprecision
 Evidence was considered to be precise given that all agents achieved statistically significant reductions in A1C and that there were no
significant differences between the active treatments with regard to A1C (no decrement).
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Indirectness
 The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and required a
second-line agent. However, the study populations in most identified trials included patients who had received various antidiabetes drugs
prior to use of metformin monotherapy. Hence, the applicability of study results to the population of interest may be limited (-1).
 A1C is a surrogate outcome for diabetes-related complications (-1).
 Direct and indirect estimates of effect are closely aligned (no decrement).

GRADE Summary of Quality of Evidence for Overall Hypoglycemia
No. of
Studies
34
RCTs53,55,5766,68,69,71-

Limitations
Very serious
limitations

Publication
Bias
Not assessed

Imprecision

Inconsistency

Indirectness

No serious
imprecision

No important
inconsistency

Serious
indirectness

Overall Quality of
Evidence
Very low

73,77,78,80-84,8789,94,95,97,99,101
-104

GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCTs = randomized controlled trials.

Inconsistency
 Only 1/14 of the pairwise meta-analyses had an I2 value of greater than 50%; therefore, the overall body of evidence was considered to be
consistent (no decrement).
 The deviance information criterion for the fixed-effects model (343) was higher than the random-effects model (325), suggesting that the
random-effects model is a better-fitting model
 The residual deviance for the random-effects model (64.3) is less than the number of unconstrained data points (72), indicating adequate
model fit (no decrement).
 The results of the primary analysis were highly consistent across a wide range of sensitivity analyses and meta-regression analyses (no
decrement).
Imprecision
 There is a distinct separation of agents regarding the occurrence of overall hypoglycemia (no decrement). For example, the probability of
having the fewest patients with hypoglycemia was 0.0% for the insulins and insulin secretagogues. There were no statistically significant
differences between the remaining agents, all of which were associated with a low rate of hypoglycemia.
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Indirectness
 The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and required a
second-line agent. However, the study populations in most identified trials included patients who had received various antidiabetes drugs
prior to the use of metformin monotherapy. Hence, the applicability of study results to the population of interest may be limited (-1).
 Direct and indirect estimates of effect are closely aligned (no decrement).
Study limitations

The majority of RCTs, including the largest trials, received a rating of “poor” using the SIGN 50 assessment of internal validity. In addition,
the majority of trials failed to address two or more of the major sources of bias (i.e., proper allocation concealment, use of intention-totreat analysis, and equal treatment between patients in each trial arm) (-2).
Publication bias
 Publication bias could not be formally assessed because of a limited number of RCTs for each pairwise comparison (no decrement).
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GRADE Summary of Quality of Evidence for Body Weight (Change From Baseline)
No. of
Studies
30
RCTs53,55,57,58,
60,62-64,66,68,71-

Limitations
Very serious
limitations

Publication
Bias
Not assessed

Imprecision

Inconsistency

Indirectness

No serious
imprecision

No important
inconsistency

Serious
indirectness

Overall Quality of
Evidence
Very low

73,77,78,80,81,83,
84,8789,91,92,94,97,99,
101-103

GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCTs = randomized controlled trials.

Study limitations

The majority of RCTs, including the largest trials, received a rating of “poor” using the SIGN 50 assessment of internal validity. In addition,
the majority of trials failed to address two or more of the major sources of bias (i.e., proper allocation concealment, use of intention-totreat analysis, and equal treatment between patients in each trial arm) (-2).
Publication bias

Publication bias could not be formally assessed due to a limited number of RCTs for each pairwise comparison (no decrement).
Inconsistency
I2 values of greater than 50% were observed in some pairwise meta-analyses. However, the overall body of evidence was considered to be
consistent, as a very small proportion of the RCTs included in the analysis contributed to the large I2 values. The contribution of these
studies to MTC results is likely to be negligible (no decrement).

The deviance information criterion for the fixed-effects model (231.1) was higher than the random-effects model (69.2), suggesting that
the random-effects model is a better-fitting model

The residual deviance for the random-effects model (31) is less than the number of unconstrained data points (32), indicating adequate
model fit (no decrement).

The results of the primary analysis were highly consistent across a wide range of sensitivity analyses and meta-regression analyses (no
decrement).


Imprecision
 There is a distinct separation of agents that resulted in weight gain and those that resulted in weight loss; therefore, the evidence is
considered to be precise (no decrement).
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Indirectness
 The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and required a
second-line agent. However, the study populations in most identified trials included patients who had received various antidiabetes drugs
prior to use of metformin monotherapy. Hence, the applicability of study results to the population of interest may be limited (-1).
 Direct and indirect estimates of effect are closely aligned (no decrement).
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GRADE Summary of Quality of Evidence for Congestive Heart Failure
Comparison
TZDs vs.
sulfonylureas
DPP-4 inhibitors
vs.
sulfonylureas
DPP-4 inhibitors
vs. TZDs
Alphaglucosidase
inhibitors vs.
placebo

No. of
Studies
1 RCT62
1 RCT68
1 RCT56
1 RCT103

Limitations
No serious
limitations
Very serious
limitations§
Very serious
limitations¶
No serious
limitations

Publication
Bias
Not assessed*

Imprecision

Inconsistency

Indirectness

Sparse†

Not assessed*

Not assessed*

Sparse†

Not assessed*

Serious
indirectness‡
Serious
indirectness‡

Not assessed*

Sparse†

Not assessed*

Not assessed*

Sparse†

Not assessed*

Overall Quality of
Evidence
Low
Very low

Very low

Serious
indirectness‡
Serious
indirectness‡

Low

A1C = glycolsylated hemoglobin; DPP-4 = dipeptidyl peptidase-4; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCTs = randomized controlled
trials; TZDs = thiazolidinediones; vs. = versus.
* Publication bias could not be formally assessed due to a limited number of RCTs for each pairwise comparison (no decrement).
†
These RCTs were inadequately powered to detect long-term diabetes complications (-1).
‡
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).
§
This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address three major sources of bias (-2).
¶
This RCT received a rating of “poor” using the SIGN50 assessment of internal validity and failed to address two major sources of bias (-2).

GRADE Summary of Quality of Evidence for Diabetes Treatment Satisfaction Questionnaire
Comparison
TZDs vs.
placebo

No. of
Studies
1 RCT82

Limitations
Very serious
limitations*

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse data‡

Not assessed†

Serious
indirectness§

Overall Quality of
Evidence
Very low

GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCTs = randomized controlled trials; TZDs = thiazolidinediones; vs. = versus.
* This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address two major sources of bias (-2).
†
Publication bias could not be formally assessed because of a limited number of RCTs for each pairwise comparison (no decrement).
‡
Only a single comparison with a small sample size was available.
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).
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GRADE Summary of Quality of Evidence for Body Mass Index (Change From Baseline)
Comparison
Sulfonylurea
vs. placebo
TZD vs.
placebo
TZD vs.
sulfonylurea

No. of
Studies
1 RCT63

Limitations

1 RCT69
2 RCTs91,102

Sibutramine
vs. placebo

1 RCT86

No serious
limitations*
No serious
limitations*
Serious
limitations¶
Very serious
limitations**

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Precise‡

Not assessed†

Not assessed†

Precise‡

Not assessed†

Not assessed†

Precise‡

Not assessed†

Not assessed†

Precise‡

Not assessed†

Indirectness
Serious
indirectness§
Serious
indirectness§
Serious
indirectness§

Overall Quality
of Evidence
Moderate

Serious
indirectness§

Moderate
Low

Very low

GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCTs = randomized controlled trials; TZDs = thiazolidinediones; vs. = versus.
*
A rating of “good” using SIGN 50 assessment of internal validity was received.
†
Publication bias and inconsistency could not be assessed due to the limited number of RCTs for these comparisons. No downgrade for not assessed.
‡
Based on a relatively narrow 95% CI.
§
The study populations included patients who had received diabetes pharmacotherapy other than metformin (-1).
¶
These RCTs received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address one major source of bias (-1).
**
This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address two major sources of bias (-2).

GRADE Summary of Quality of Evidence for Severe Hypoglycemia
Comparison
Sulfonylurea vs.
placebo
Meglitinide vs.
placebo
TZD vs. placebo
DPP-4 inhibitor vs.
placebo
Alpha-glucosidase
inhibitor vs.
placebo
GLP-1 vs. placebo

No. of
Studies
3
RCTs63,83,89
2 RCTs84,87
3
RCTs66,69,72
3
RCTs58,61,73
1 RCT103

3

RCTs

70,89,103

Limitations
Serious
limitations*
No serious
limitations
Serious
limitations**
Very serious
limitations††
No serious
limitations
Serious
limitations**

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse‡

Not assessed†

Sparse‡

No important
inconsistency
Not assessed¶

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Serious
indirectness§
Serious
indirectness§
Serious
indirectness§
Serious
indirectness§
Serious
indirectness§

Not assessed†

Sparse‡

Not assessed†

Serious
indirectness§
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Overall Quality
of Evidence
Very low
Low
Very low
Very low
Low

Very low
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GRADE Summary of Quality of Evidence for Severe Hypoglycemia
Comparison
Sulfonylurea vs.
TZD
Sulfonylurea vs.
DPP-4 inhibitor
Sulfonylurea vs.
biphasic insulin
GLP-1 analogue
vs. basal insulin
Biphasic insulin
vs. basal insulin
TZD vs. DPP-4
inhibitor

No. of
Studies
3
RCTs71,85,102
1 RCT68
1 RCT81
2 RCTs53,60
2 RCTs80,94
1 RCT57

Limitations
Serious
limitations**
Very serious
limitations‡‡
No serious
limitations
Serious
limitations§§
Serious
limitations¶¶
Serious
limitations***

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Serious
indirectness§
Serious
indirectness§
Serious
indirectness§
Serious
indirectness§
Serious
indirectness§
Serious
indirectness§

Overall Quality
of Evidence
Very low
Very low
Low
Very low
Very low
Very low

DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCTs = randomized controlled
trials; TZD = thiazolidinediones; vs. = versus.
* Two RCTs received a rating of “good” and one received a rating of “poor” using the SIGN 50 assessment of internal validity (-1).
†
Publication bias could not be assessed due to the limited number of RCTs for each pairwise comparison (no decrement).
‡
There were very few or zero events and low study power to detect severe hypoglycemia (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to the use of metformin monotherapy. Hence, the applicability of study
results to the population of interest may be limited (-1).
¶
Inconsistency could not be assessed due to zero events (no decrement).
** Two RCTs received a rating of “poor” and one received a rating of “good” using the SIGN 50 assessment of internal validity (-1).
††
All three RCTs received a rating of “poor” using the SIGN 50 assessment of internal validity and all failed to address at least two major sources of bias (-2).
‡‡
This RCT received a rating of ‘”poor” using SIGN 50 and failed to address two or more major sources of bias (-2).
§§
One RCT received a rating of ”good” and one received a rating of “poor” using SIGN 50; a majority of the major sources of bias were addressed (-1).
¶¶
Two RCTs received a rating of ”poor” using SIGN 50, but one addressed a majority of the major sources of bias (-1).
*** This RCT received a rating of “poor” using SIGN 50 and failed to address one major sources of bias (-1).
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GRADE Summary of Quality of Evidence for Ischemic Heart Disease
Comparison
TZDs vs.
sulfonylureas
Alphaglucosidase
inhibitors vs.
placebo
Sulfonylureas
vs. meglitinides
Sulfonylureas
vs. DPP-4
inhibitors
DPP-4 inhibitors
vs. placebo
DPP-4 inhibitors
vs. TZDs

No. of
Studies
1 RCT85
1 RCT103

1 RCT97
1 RCT88
1 RCT95
1 RCT57

Limitations
Very serious
limitations*
No serious
limitations

No serious
limitations
Very serious
limitations*
Very serious
limitations*
Serious
limitations¶

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Serious
indirectness§
Serious
indirectness§

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Serious
indirectness§
Serious
indirectness§
Serious
indirectness§
Serious
indirectness§

Overall Quality of
Evidence
Very low
Low

Low
Very low

Very low
Very low

DPP-4 = dipeptidyl peptidase-4; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCTs = randomized controlled trials; TZD s= thiazolidinediones;
vs. = versus.
* This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address two or more major sources of bias (-2 ).
†
Publication bias could not be formally assessed due to a limited number of RCTs for each pairwise comparison (no decrement).
‡
These RCTs were inadequately powered to detect long-term diabetes complications (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).
¶
This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address one major source of bias (-1 ).
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GRADE Summary of Quality of Evidence for Macular Edema
Comparison
Sulfonylurea
vs. TZD

No. of
Studies
1 RCT77

Limitations
Serious
limitations*

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse‡

Not assessed†

Serious
indirectness§

Overall Quality of
Evidence
Very low

GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled trial; TZD s= thiazolidinediones; vs. = versus.
* This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address one major source of bias (-1 ).
†
Publication bias could not be formally assessed due to a limited number of RCTs for each pairwise comparison (no decrement).
‡
There were no events in either treatment arm (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study
results to the population of interest may be limited (-1).
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GRADE Summary of Quality of Evidence for Mortality
Comparison
TZD vs.
sulfonylureas
DPP-4 inhibitors
vs. placebo
DPP-4 inhibitors
vs.
sulfonylureas
TZD vs. placebo
Alphaglucosidase
inhibitors vs.
placebo
Meglitinides vs.
sulfonylureas
BiAsp 30 vs.
sulfonyureas
TZD vs. DPP-4
inhibitors

No. of
Studies
1 RCT85
3
RCTs65,73,95
2 RCTs68,88
1 RCT69
1 RCT74

1 RCT97
1 RCT81
1 RCT55

Limitations
Very serious
limitations*
Very serious
limitations¶
Very serious
limitations**
No serious
limitations
Very serious
limitations*

No serious
limitations
No serious
limitations
Very serious
limitations*

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Serious
indirectness§
Serious
indirectness§
Serious
indirectness§

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Not assessed†

Sparse‡

Not assessed†

Serious
indirectness§
Serious
indirectness§

Serious
indirectness§
Serious
indirectness§
Serious
indirectness§

Overall Quality of
Evidence
Very low
Very low
Very low

Low
Very low

Low
Low
Very low

BiAsp = biphasic insulin aspart; DPP-4 = dipeptidyl peptidase-4; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled
trial; TZD = thiazolidinediones; vs. = versus.
* This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address two or more major sources of bias (-2).
†
Publication bias and inconsistency could not be formally assessed due to a limited number of RCTs for each pairwise comparison (no decrement).
‡
These RCTs were inadequately powered to detect long-term diabetes complications (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).
¶
For the three RCTs, two received a rating of “poor” and one received a rating of “good” using the SIGN 50 assessment of internal validity. The studies addressed more than 50%
of the major sources of bias (-1).
**These RCTs received a rating of “poor” using the SIGN 50 assessment of internal validity and each failed to address a majority of the major sources of bias (-2 ).
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GRADE Summary of Quality of Evidence for Neuropathy
Comparison
DPP-4
inhibitors vs.
placebo

No. of
Studies
1 RCT95

Limitations
Very serious
limitations*

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse‡

Not assessed†

Serious
indirectness§

Overall Quality
of Evidence
Very low

DPP-4 = dipeptidyl peptidase-4; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled trial; vs. = versus.
* This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address two major sources of bias (-2 ).
†
Publication bias and inconsistency could not be assessed due to the limited number of RCTs for each pairwise comparison (no decrement).
‡
This RCT was inadequately powered to detect long-term diabetes complications (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).

GRADE Summary of Quality of Evidence for Peripheral Vascular Disease
Comparison
Sulfonylurea
vs. DPP-4
inhibitors

No. of
Btudies
1 RCT68

Limitations
Very serious
limitations*

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse‡

Not assessed†

Serious
indirectness§

Overall Quality
of Evidence
Very low

DPP-4 = dipeptidyl peptidase-4; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled trial; vs. = versus.
* This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address three major source of bias (-2 ).
†
Publication bias and inconsistency could not be assessed due to the limited number of RCTs for each pairwise comparison (no decrement).
‡
There was only one event in this RCT (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes agents prior to use of metformin monotherapy. Hence, the applicability of study
results to the population of interest may be limited (-1).
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GRADE Summary of Quality of Evidence for Nocturnal Hypoglycemia
Comparison

No. of
Studies

Limitations

Publication
Bias

Imprecision

Inconsistency

Indirectness

Meglitinide vs.
placebo
TZD vs. placebo

2 RCTs84,87

Not assessed*

Sparse data†

Not assessed*

Not assessed*

Sparse data†

Not assessed*

AlphaGlucosidase
inhibitor vs.
placebo
GLP-1 analogue
vs. basal insulin
Biphasic insulin
vs. basal insulin

1 RCT103

No serious
limitations
Very serious
limitations§
No serious
limitations

Not assessed*

Sparse data†

Not assessed*

Serious
indirectness‡
Serious
indirectness‡
Serious
indirectness‡

1 RCT107

Not assessed¶

Not assessed¶

Not assessed¶

Not assessed¶

Not assessed¶

1 RCT80

Very serious
limitations§

Not assessed*

Sparse data†

Not assessed*

Serious
indirectness‡

1 RCT72

Overall
Quality of
Evidence
Low
Very low
Low

N/A: abstract
only
Very Low

DPP-4 = dipeptidyl peptidase-4; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled trial; TZD = thiazolidinediones;
vs. = versus.
* Publication bias and inconsistency could not be assessed due to the limited number of RCTs for each pairwise comparison (no decrement).
†
All comparisons reported very few events or no events and all had a relatively small sample size (-1).
‡
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).
§
This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address two major sources of bias (-2).
¶
Quality of evidence from abstracts was not assessed using GRADE
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GRADE Summary of Quality of Evidence for Severe Adverse Events
Comparison

No. of
Studies

Limitations

Publication
Bias

Imprecision

Inconsistency

Indirectness

Overall Quality of
Evidence

2 RCTs

Not assessed*

Sparse†,‡

Not assessed*

Sparse†

No important
inconsistency
No important
inconsistency

Serious
indirectness§
Serious
indirectness§

Low

5
RCTs69,72,7

No serious
limitations
Very serious
limitations¶

DPP-4 inhibitors vs.
placebo

6
RCTs58,61,6

Very serious
limitations**

Not assessed*

Sparse†

No important
inconsistency

Serious
§
indirectness

Very low

Alpha-glucosidase
inhibitors vs.
placebo
DPP-4 inhibitors vs.
sulfonylureas
Sulfonylureas vs.
meglitinides
Sulfonylureas vs.
TZDs
TZDs vs. DPP-4

2
RCTs92,103

No serious
limitations

Not assessed*

Sparse†,‡

No important
inconsistency

Serious
indirectness§

low

2 RCTs68,88

Very serious
limitations††
No serious
limitations
Serious
limitations‡‡
Very serious
limitations§§

Not assessed*

Sparse†
Sparse†,‡

Not assessed*

Sparse†

Not assessed***

Not assessed*

Spars†

No important
inconsistency

Serious
indirectness§
Serious
indirectness§
Serious
indirectness§
Serious
indirectness§

Very low

Not assessed*

No important
inconsistency
Not assessed***

Serious
limitations¶¶
Serious
limitations†††

Not assessed*

Sparse†,‡

Not assessed***

Very low

Not assessed*

Sparse†

Not assessed***

Serious
indirectness§
Serious
indirectness§

Sulfonylureas vs.
placebo
TZDs vs. placebo

63,83

8,82,101

5,73,95,101

1 RCT97
2
RCTs91,102
3
RCTs55,57,1
01

GLP-1 analogues
vs. basal insulin
Biphasic insulin vs.
basal insulin

1 RCT60
1 RCT94

Very low

Low
Very low
Very low

Very low

DPP-4 = dipeptidyl peptidase-4; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled trial; TZDs = thiazolidinediones;
vs. = versus.
* Publication bias could not be assessed due to the limited number of RCTs for each pairwise comparison (no decrement).
†
This outcome was not clearly defined (-1).
‡
95% confidence interval is too wide (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study populations in
most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results to the population of
¶
interest may be limited (-1).
Four
out of five RCTs received a rating of “poor” with a failure to address a majority of the major sources of bias (-2 ).
** Five out of six RCTs received a rating of “poor” with a failure to address a majority of the major sources of bias (-2 ).
††
Two RCTs received a rating of ”poor” using SIGN 50 and failed to address two or more major sources of bias (-2).
‡‡
Two RCTs received a rating of “poor” using SIGN50 but addressed a majority of the major sources of bias (-1).
§§
Three RCTs received a rating of “poor” with a failure to address a majority of the major sources of bias (-2 ).
¶ ¶
This RCT received a rating of “poor” using SIGN 50 and failed to address one major sources of bias (-1).
*** Inconsistency could not be assessed due to a limited number of events and/or RCTs for each pairwise comparison (no decrement).
†††
This RCT received a rating of “poor” using SIGN 50 but addressed the major sources of bias (-1).
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GRADE Summary of Quality of Evidence for SF-36 Mental Component (Change from Baseline)
Comparison
TZDs vs.
placebo

No. of
Studies
1 RCT82

Limitations
Very serious
limitations*

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse data‡

Not assessed†

Serious
indirectness§

Overall Quality of
Evidence
Very low

GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled trial; SF-36 = short-form health survey;TZDs = thiazolidinediones;
vs. = versus.
* This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address two major sources of bias (-2 ).
†
Publication bias and inconsistency could not be assessed due to the limited number of RCTs for each pairwise comparison (no decrement).
‡
95% confidence interval is too wide (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).

GRADE Summary of Quality of Evidence for SF-36 Physical Component (Change from Baseline)
Comparison
TZDs vs.
placebo

No. of
Studies
1 RCT82

Limitations
Very serious
limitations*

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse data‡

Not assessed

Serious
indirectness§

Overall Quality of
Evidence
Very low

GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled trial; SF-36 = short-form health survey;TZDs = thiazolidinediones;
vs. = versus.
* This RCT received a ratin g of “poor” using the SIGN 50 assessment of internal validity and failed to address two major sources of bias (-2 ).
†
Publication bias and inconsistency could not be assessed due to the limited number of RCTs for each pairwise comparison (no decrement).
‡
95% Confidence interval is too wide (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).
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GRADE Summary of Quality of Evidence for Stroke and Transient Ischemic Attack
Comparison
Sulfonylureas
vs. DPP-4
inhibitors
TZDs vs. DPP-4
inhibitors

No. of
Studies
1 RCT68
1 RCT57

Limitations
Very serious
limitations*
Serious
limitations¶

Publication
Bias
Not assessed†

Imprecision

Inconsistency

Indirectness

Sparse data‡

Not assessed†

Serious
indirectness§

Not assessed†

Sparse data‡

Not assessed†

Serious
indirectness§

Overall Quality of
Evidence
Very low

Very low

DPP-4 = dipeptidyl peptidase-4; GRADE = Grading of Recommendations Assessment, Development and Evaluation; RCT = randomized controlled trial;TZDs = thiazolidinediones;
vs. = versus.
* This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address two major sources of bias (-2 ).
†
Publication bias could not be formally assessed due to a limited number of RCTs for each pairwise comparison (no decrement).
‡
This RCT was inadequately powered to detect long-term diabetes complications (-1).
§
The population of interest consists of patients who were inadequately controlled with first-line metformin monotherapy, and require a second-line agent. However, the study
populations in most identified trials included patients who had received various antidiabetes drugs prior to use of metformin monotherapy. Hence, the applicability of study results
to the population of interest may be limited (-1).
¶
This RCT received a rating of “poor” using the SIGN 50 assessment of internal validity and failed to address one major source of bias (-1 ).
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APPENDIX 30: SEVERE HYPOGLYCEMIA DEFINITIONS
Severe Hypoglycemia Definitions
Study
Barnett et al. 200753

Bolli et al. 200957
Bosi et al. 200758
Bunck et al. 200960
Charbonnel et al. 200661
Charpentier et al. 200163
DeFronzo et al. 200564
Einhorn et al. 200066
Ferrannini et al. 200968
Fonseca et al. 200969
Gao et al. 200970

Garber et al. 200671
Gomez-Perez et al. 200272
Goodman et al. 200973
Kilo et al. 200380
Kvapil et al. 200681
Marre et al. 200283
Marre et al. 200284
Matthews et al. 200585
Moses et al. 199987
Nauck et al. 200689
Raskin et al. 200794

Umpierrez et al. 2006102
Van Gaal et al. 2001103

Definition of Severe Hypoglycemia
A symptomatic episode in which the patient required another
person's assistance, and was associated with either a glucose level
< 2.8 mmol/L or recovery after the administration of oral
carbohydrate, glucagon, or intravenous glucose.
Any hypoglycemic episode requiring the assistance of a third party.
Any hypoglycemic episode requiring the assistance of a third party.
Not reported.
Not reported
Any hypoglycemic episode requiring the assistance of a third party.
Subjects required the assistance of another person to obtain
treatment for their hypoglycemia, including intravenous glucose or
intramuscular glucagon.
Not reported.
Any hypoglycemic episode requiring the assistance of a third party.
Not reported.
An episode with symptoms in which the patients required assistance
of another person, and was associated with either a glucose level of
< 2.8 mml/L or prompt recovery after oral carbohydrate,
intravenous glucose, or intramuscular glucagon.
Not reported.
Not reported.
Any hypoglycemic episode requiring the assistance of a third party
or hospitalization.
Blood glucose < 50 mg/dL with severe central nervous system
symptoms and patients unable to treat themselves.
Requiring assistance; blood glucose <2.8 mmol/L and requiring food
intake or IV glucose.
Not reported.
Grades 3 or 4 on a scale of 1 to 4 (1 = symptoms that did not
sufficiently interfere with normal activities; 4 = symptoms that
required hospitalization).
Not reported.
Any hypoglycemic episode requiring the assistance of a third party.
Any hypoglycemic episode requiring the assistance of a third party.
Episode with neurological symptoms consistent with hypoglycemia
that required assistance and had either a plasma glucose value
< 56 mg/dL or reversal of symptoms after food intake, glucagon, or
intravenous glucose.
Blood glucose < 36 mg/dL (2 mmol/L) and requiring the assistance of
third party.
Not reported.
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APPENDIX 31: NOCTURNAL HYPOGLYCEMIA DEFINITIONS
Nocturnal Hypoglycemia Definitions
Study
Marre et al. 200284
Moses et al. 199987
Gomez-Perez et al. 200272
Van Gaal et al. 2001103
Trautmann et al. 2007107
Kilo et al. 200380

Definition of Nocturnal Hypoglycemia
Not reported.
Not reported.
Not reported.
Not reported.
Not reported.
Hypoglycemic episodes between midnight to 6:00 a.m.
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APPENDIX 32: OVERALL HYPOGLYCEMIA DEFINITIONS
Overall Hypoglycemia Definitions
Study
Barnett et al. 200753
Blonde et al. 200955
Bolli et al. 200957
Bosi et al. 200758
Brazg et al. 200759
Bunck et al. 200960
Charbonnel et al.
200562
Charbonnel et al.
200661
Charpentier et al.
200163

DeFronzo et al. 200564
DeFronzo et al. 200965
Einhorn et al. 200066
Ferrannini et al. 200968
Fonseca et al. 200969
Garber et al. 200671
Gomez-Perez et al.
200272
Goodman et al. 200973
Home et al. 200977
Kaku 200978
Kilo et al. 200380
Kvapil et al. 200681
Leiter et al. 200582
Marre et al. 200283
Marre et al. 200284
Moses et al. 199987

Definition of Overall Hypoglycemia
Any sign or symptom associated with hypoglycemia or a serum glucose
concentration of < 3.3 mmol/L.
Not reported.
Symptoms suggestive of hypoglycemia and blood glucose < 3.1 mmol/L.
Symptoms suggestive of low blood glucose confirmed by self-monitoring
of blood glucose measurement < 3.1 mmol/L plasma glucose equivalent.
Self-report signs and symptoms and glucose values during the 24-hour
frequent blood sampling period at the end of each treatment period.
Blood glucose < 3.3 mmol/L.
Symptoms compatible with hypoglycemia.
Not reported.
Patients reported clinical symptoms of hypoglycemia (such as hunger,
profuse sweating, tachycardia, tremor, various sensory perceptions,
headache, altered mood, deficit syndromes, disturbed vigilance) in a
diary and rated the severity of each symptom using a 5-point scale
(0 = no symptom, 1 = symptom allowing normal activity, 2 = symptom not
allowing normal activity, 3 = symptom necessitating assistance from
another person, 4 = loss of consciousness and/or medical intervention).
For mild/moderate hypoglycemia, subjects reported symptoms consistent
with hypoglycemia that may have been documented by a plasma glucose
concentration value < 3.3 mmol/L.
Finger-stick glucose value of < 50 mg/dL associated with symptoms.
Not reported.
Defined as symptoms suggestive of hypoglycemia and confirmed by selfmonitored plasma glucose < 3.1 mmol/L.
Not reported.
Hypoglycemic symptoms alone or accompanied by fingerstick blood
glucose levels of ≤ 50 mg/dL.
Not reported.
Blood glucose < 3.1 mmol/L.
Not reported.
Not reported.
Sign or symptoms of hypoglycemia with or without confirmed blood
glucose measurements.
Includes hypoglycemia symptoms with or without blood glucose
< 2.8mmol/L; blood glucose < 2.8 mmol/L with or without symptoms.
Not reported.
Defined either on the basis of reports of symptoms descriptive of
hypoglycemia by the patient or from clinical laboratory measurements.
Confirmed blood glucose ≤ 3.3 mmol/L.
Hypoglycemia that could be self-treated was categorized as mild or
moderate.
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Overall Hypoglycemia Definitions
Study
Nauck et al 200788
Nauck et al. 200689
Raskin et al. 200794

Raz et al. 200895
Ristic et al. 200797
Rosenstock et al.
199899
Scott et al. 2008101
Umpierrez et al.
2006102
Van Gaal et al. 2001103

Definition of Overall Hypoglycemia
Blood glucose ≤ 3.3 mmol/L.
Symptomatic (no plasma glucose or plasma glucose ≥ 3.1 mmol/L and
minor (plasma glucose < 3.1 mmol/L) hypoglycemia.
Minor hypoglycemic episodes were defined as blood glucose values of
< 56 mg/dL (3.1 mmol/L) with or without symptoms that were selftreated. Major hypoglycemia was an episode with neurological symptoms
consistent with hypoglycemia that required assistance and had either a
plasma glucose value < 56 mg/dL or reversal of symptoms after food
intake, glucagon, or intravenous glucose.
Not reported.
Not reported.
Not reported.
Not reported.
Blood glucose ≤ 3.9 mmol/L.
Not reported.
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APPENDIX 33: SUMMARY OF MODEL INPUTS AND
ASSUMPTION(S) IN REFERENCE CASE COSTEFFECTIVENESS ANALYSIS
Model Parameter

Description of Model Input and Assumption(s)

Type of Analysis
Perspective

Cost-utility analysis
Canadian third-party payer perspective.356 Only direct costs to the health
care system are considered.
Lifetime time horizon (i.e., 40 years).356
5%.356
UKPDS Outcomes Model136 plus separate submodels for adverse events (see
below).
Submodels for mild/moderate hypoglycemia and severe hypoglycemia
added to UKPDS Outcomes Model. Other submodels (congestive heart
failure and fractures in TZDs, gastrointestinal symptoms in alphaglucosidase inhibitors, pancreatitis in DPP4-inhibitors) not included in
reference case.
A1C, weight, and hypoglycemia effect estimates derived from randomeffects MTC meta-analysis of RCTs (class-level MTC).
Event rate derived from RECORD trial,77 the longest and one of the largest
(N=2,222) RCTs included in our MTC meta-analysis.

Time Horizon
Discount Rate
Model structure
Adverse events

Clinical-effect
estimates
Baseline event rate for
mild/moderate
hypoglycemia
Event rates for severe
hypoglycemia in
patients using
metformin, SU, and
insulin
Patient characteristics

Sources for utilities for
long-term diabetesrelated complications
Utility decrements for
mild/moderate
hypoglycemia

Utility decrement for
severe hypoglycemia
HRQoL improvement
for weight loss
Source for price of
drugs and test strips
Selection of agent
within class
Dose of agent

Event rates from population-based study (n=7,678), which use the DARTS
(the diabetes audit and research in Tayside Scotland) study/MEMO
(Medicines Monitoring Unit) database. Patients with type 2 diabetes using
metformin, SU, and insulin had event rates of 0.05, 0.9, and 11.5 events
per 100 patient-years, respectively.129
Patient characteristics (when available) reflective of those in RCTs were
included in MTC meta-analysis. Otherwise, patient characteristics
reflective of those in Canadian clinical setting were modelled.357
Community-based EQ-5D catalogue from the United States (when
available).126,358 Otherwise, EQ-5D scores were obtained from a study of
patients with type 2 diabetes in the United Kingdom.125
Transient reduction in HRQoL for mild/moderate hypoglycemia.359 Patients
move from having no health problems to a state characterized by
moderate anxiety, with or without depression, and having some problems
with performing usual activities, thus resulting in a disutility of 0.167
during the episode.360 Each episode was assumed to last for 15 minutes.361
Transient reduction in HRQoL followed by chronic reduction due to
increased fear of future episodes.15 Decrement of 0.01 obtained from
National Institute for Health and Clinical Excellence.15
No HRQoL improvement associated with weight loss applied in reference
case.
Ontario Drug Benefit Program (when available). Otherwise, other public
drug plans in Canada
Low cost alternative within each drug class (e.g., apo-glyburide for SU,
apo-pioglitazone for TZD, insulin NPH for basal insulin)
Maximum dose (2 g/day) for metformin; average defined daily dose for
other agents. Dose of insulin agents obtained from unpublished dataset
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Model Parameter
Test strip utilization

Treatment trajectory
Sources for
management cost of
long-term diabetesrelated complications
Management costs
associated with
hypoglycemia

Description of Model Input and Assumption(s)
from British Columbia.
Unpublished dataset from Ontario Public Drug Programs. Patients using
metformin, insulin secretagogues, and insulin used 2.08, 1.16, and 0.94
test strips per day, respectively.
Patients initiate second-line therapy when they enter model and remain on
therapy over their lifetime.
Ontario Ministry of Health and Long-Term Care.362

No health resource use for mild/moderate hypoglycemia. Resource use for
severe hypoglycemia obtained from study by Leese et al.129 and costs
based upon data from Alberta case-costing database. 363

A1C = glycosylated hemoglobin; DPP-4 = dipeptidyl peptidase-4; EQ-5D = EuroQoL self-report health questionnaire; HRQol =
health-related quality of life; MTC = mixed treatment comparison; NPH = neutral protamine Hagedorn; RCT = randomized
controlled trial; SU = sulphonylurea; TZDs = thiazolidinediones; UKPDS = United Kingdom Prospective Diabetes Study.
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APPENDIX 34: RISK OF HYPOGLYCEMIA AND ITS IMPACT
ON HEALTH-RELATED QUALITY OF LIFE AND RESOURCE
USE
1

Objective

The following supplemental information quantifies the annual risk of overall and severe
hypoglycemia among patients with type 2 diabetes. We also present inputs and assumption(s)
pertaining to the impact that hypoglycemia has on health-related quality of life and health
care resource use in our cost-effectiveness model.

2

Annual Risk of Overall and Severe Hypoglycemia

2.1 Overall Hypoglycemia
In the RECORD trial,77 55 out of 1,117 patients (5.1%) who were not using sulfonylureas had a
hypoglycemic episode (severe or non-severe) over a mean 5.5-year follow-up period. This
translates into an annual risk of overall hypoglycemia of approximately 0.95% in patients who
are using thiazolidinediones (TZDs) and metformin. Based upon data from our mixedtreatment comparison (MTC) meta-analysis, patients using metformin in combination with
TZDs have slightly higher odds (odds ratio [OR], 1.13 [0.56, 2.21]) of overall hypoglycemia
compared with those using metformin monotherapy. Therefore, we assumed that patients
using metformin monotherapy had an annual risk of approximately 0.86%. Odds ratio derived
from our MTC were converted to relative risks, and these values were multiplied by the
baseline event rate in the metformin monotherapy arm to estimate the annual hypoglycemia
risk for each drug class, and the corresponding number of patients that needed to treated
with each treatment to incur an extra hypoglycemic episode, relative to metformin
monotherapy (Table 1).
Table 1: Risk of Overall Hypoglycemia Across Treatment Strategies in Patients Who are
Inadequately Controlled on Metformin Monotherapy
Treatment
Metformin Monotherapy
(reference category)
Metformin plus AGI
Metformin plus DPP4-I
Metformin plus TZD
Metformin plus GLP-1
Metformin plus basal insulin
Metformin plus sulfonylureas
Metformin plus meglitinides
Metformin plus biphasic insulin

Odds Ratio (95% CI)
from MTC Analysis
NA

Estimated Annual
Risk (%)
0.86

NNH
(NNT)
NA

0.39 (0.01, 6.67)
1.05 (0.56, 2.21)
1.10 (0.54, 2.27)
1.12 (0.33, 3.90)
5.20 (1.48, 21.46)
8.22 (4.52, 16.63)
8.59 (3.47, 25.20)
11.01 (3.48, 40.43)

0.31
0.92
0.95
0.97
4.33
6.57
6.89
8.55

(180)
1,923
1,144
961
29
18
17
13

AGI = alpha-glucosidase inhibitors; CI =confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP = glucagon-like peptide-1;
MTC = mixed treatment comparison; NA = not applicable; NNH = number needed to harm; NNT = number needed to treat; TZDs =
thiazolidinediones.
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The baseline event rate of overall hypoglycemia reported in the RECORD trial77 is lower than
event rates reported in other large, long-term randomized controlled trials (RCTs) (≥ 1,000
patients and longer than 52 weeks)68,88 included in the MTC network. In a study by Nauck et
al.,88 the authors reported an annual risk of 4.9% of patients using metformin and sitagliptin,
while Ferrannini et al.68 reported an annual risk of 1.7% among patients using vildagliptin and
metformin. These events rates are much higher than annual risk values predicted for each
treatment based on data from the RECORD trial (Table 1). To determine which baseline rate
to use, we sought expert clinical opinion. It was suggested that we use the lower baseline
rate (i.e., data from the RECORD trial77) because the probability of true hypoglycemia among
patients using metformin monotherapy in the clinical setting is thought to be negligible based
on the mechanism of the drug (Personal Communication, Marshall Dahl).
2.2 Severe Hypoglycemia
The majority of hypoglycemic episodes reported in the RCTs were not classified as severe
episodes. Among the 21 RCTs53,57,58,60,63,63,64,66,68,69,72,73,80,81,83,84,87,89,94,102,103 in the evidence
network, which reported data for both overall and severe hypoglycemia, only 2.2% of overall
hypoglycemic episodes were classified as severe episodes. These results should be interpreted
with caution as trials may not have been long enough in duration, or of sufficient sample size,
to capture rare events such as severe hypoglycemia. Moreover, there is a lack of consistency
in how hypoglycemia is defined, and with respect to the duration of diabetes and the degree
of insulin insufficiency among patients enrolled in the RCTs. We therefore obtained data on
the frequency of hypoglycemia from a large observational study by Leese et al. (Table 2).129
This retrospective observational study reported data from 7,687 patients with type 2 diabetes
in Tayside, Scotland. This study129 was used by the National Institute for Health and Clinical
Excellence15 in their evaluation of newer diabetes drugs. It was the only study we identified
in a systematic search of the literature that provided event rates stratified by
pharmacotherapy (i.e., metformin, sulfonylurea, insulin), as well as health care resource
utilization data.
Table 2: Event Rates of Severe Hypoglycemia In Large Observational Study By Leese et al.129
Treatment
Patients using metformin
(reference category)
Patients using insulin secretagogues
Patients using insulin

Reported Event Rate Per
100 Patient-Years (95% CI)
0.05 (0.01-0.2)

Annual Risk
(%)
0.05

NNH

0.9 (0.6-1.3)
11.8 (9.5 -14.1)

0.90
11.11

118
9

NA

CI =confidence interval; NA = not applicable; NNH = number needed to harm.

The event rate for severe hypoglycemia among patients using metformin monotherapy in the
study by Lesse et al.129 is similar to that reported in another large case-control study by
Bodmer et al.108 (0.06 per 100 patient-years), which included 50,048 adults in the United
Kingdom that were prescribed at least one diabetes drug. However, event rates for
sulfonylureas and insulin in the study by Leese et al.129 are much higher than those reported
by Bodmer et al. (see Tables 2 and 3). Moreover, the annual risk of severe hypoglycemia in
the insulin group exceeded that of overall hypoglycemia. Nevertheless, we used the larger
event rates from the study by Leese et al.129 as they represent a conservative estimate ― any
bias introduced in the economic analysis would be against sulphonylurea and insulin
therapies, and in favour of newer classes of drugs.
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Table 3: Event Rates of Severe Hypoglycemia In Large Observational
Study By Bodmer et al.108
Treatment
Patients using metformin
Patients using insulin
secretagogues
Patients using insulin

Data Reported in Study108
Event rate, 0.06 per 100 person-years
Odds ratio relative to metformin, 4.07
(3.33, 4.98)
Odds ratio relative to metformin, 8.73
(5.63,13.5)

Annual Risk (%)
0.06
0.24

NNH
NA
550

0.52

217

NA = not applicable; NNH = number needed to harm.

3

Impact of Hypoglycemia on Health-Related Quality Of Life and Resource Use

3.1 Impact on Health-Related Quality of Life
There is limited evidence examining the impact of hypoglycemia and fear of hypoglycemia on
health-related quality of life(HRQoL).15 Moreover, widely-cited evidence142 in this area is of
low quality.15 For the reference case cost-effectiveness analysis, patients experiencing mild
to moderate hypoglycemia are assumed to have a transient reduction in HRQoL.359 Patients
were assumed to move from having no problems to a health state characterized by moderate
anxiety, with or without depression, and problems with performing usual activities, thus
resulting in a disutility of 0.167 during the episode.360 Each mild to moderate hypoglycemic
episode was assumed to last for 15 minutes, which coincides with the 15/15 rule: 15 grams of
carbohydrate followed by 15 minutes of waiting.361 Thus, each episode was associated with an
annual decrement of 0.000004767 quality-adjusted life-years (QALYs).360 This is the same
approach taken in the insulin analogues and blood glucose test strip projects. For severe
hypoglycemia, we assumed patients had a transient reduction in HRQoL, followed by a chronic
decrement in HRQoL due to fear of future hypoglycemic episodes.15 We applied the same
decrement, which was applied in a recently published report15 by the National Institute for
Health and Clinical Excellence (NICE), where an annual decrement of 0.01 QALYs (equivalent
to 3.65 days in a state equivalent to death) was applied for each severe hypoglycemic event.
The estimated impact of severe hypoglycemia from NICE15 is smaller than the decrements
reported in an industry-sponsored study by Currie and colleagues, who estimated that each
symptomatic hypoglycemic episode resulted in a disutility of 0.0142 (equivalent to 5.18 days
in a state equivalent to death), while each severe episode resulted in a disutility of 0.047
(equivalent to 17.15 days in a state equivalent to death).142 NICE considered these estimates
at length; however, due to methodological limitations, they were felt to be overstated.15
Nevertheless, we conducted sensitivity analyses where we explored the impact of using utility
decrements by Currie and colleagues.142 We also conducted a sensitivity analysis where we
only assumed a transient reduction in HRQoL for severe hypoglycemic episodes (i.e., no
chronic decrement in HRQoL for fear of future events). Cost-effectiveness results did not
change significantly in either analysis compared with the reference case.
3.2
Impact on Health Care Resource Use
Resource utilization associated with managing a severe hypoglycemic episode is based upon a
study by Leese et al.129 (Table 4) and NICE.15 Management costs are based upon costing data
from the Alberta case-costing database.363
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Table 4: Costs Associated With Managing A Severe Hypoglycemic Episode
Glucagon
Consultation with ambulance services only
Consultation with primary/emergency care only363
Consultation with primary/emergency care and
ambulance service
Direct or indirect hospital admission
Average cost per severe hypoglycemic episode

Unit Cost
$93.69
$600
$208
$809

% Receiving
90%
34%
7%
52%

Weighted
$84.32
$204.07
$14.59
$420.49

$4,302

28%

$1,204.67
$1,928.14

Similar to NICE, we assumed in the reference case analysis that episodes of mild to moderate
hypoglycemia have no impact on health service resource use.15

4

Summary

In patients with type 2 diabetes, overall hypoglycemia is more common among patients using
insulin and insulin secretagogues. However, in this patient population, the majority of
hypoglycemic episodes are mild to moderate in nature. As such, the absolute risk of severe
hypoglycemia requiring health care resource use is low and the number of patients that need
to be treated with newer, more expensive agents (as opposed to older oral antidiabetes
drugs) to avoid a severe hypoglycemic episode is high. Therefore, this outcome had minimal
impact on reference case cost-effectiveness results.
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APPENDIX 35: RESULTS FROM SENSITIVITY ANALYSES — DISCOUNTED
LIFETIME COSTS, DISCOUNTED LIFETIME EFFECTS (QALYS), AND
INCREMENTAL COST-EFFECTIVENESS RATIO (ICUR) RELATIVE TO THE NEXT
LEAST-COSTLY TREATMENT STRATEGY
Sensitivity
Analysis

Metformin

Sulfonylurea

Meglitinides

TZD

DPP-4
Inhibitor

AlphaGlucosidase
Inhibitor

Basal Insulin

Biphasic or
Pre-Mixed
Insulin

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.778

8.768

8.781

8.779

8.780

8.769

8.776

NA

$12,757 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$4,621,828 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$939,479 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Effect estimates
from pairwise
meta-analyses
of RCTs

$39,924

$40,684

$42,237

$46,146

$47,209

$42,767

$47,348

$52,367

8.719

8.777

8.770

8.789

8.780

8.780

8.769

8.776

NA

$13,080 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$465,004 per
QALY (relative
to SU)

The strategy
"AGI" is
dominated by
a blend of "SU"
and "TZD"

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Effect estimates
from moderate
to high-dose
nodes in MTC
meta-analysis of
RCTs, which was
stratified by
dose

$39,924

$40,749

$42,255

$46,164

$47,185

$42,797

$47,348

$52,367

8.72

8.78

8.76

8.79

8.78

8.78

8.77

8.78

NA

$14,206 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$551,247 per
QALY (relative
to SU)

The strategy
"DPP4-I" is
dominated by
"TZD"

The strategy
"AGI" is
dominated by
a blend of "SU"
and "TZD"

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Effect estimates
from titrated

$39,924

$40,694

$42,218

$46,243

$47,191

$42,779

$47,386

$52,331

8.719

8.776

8.775

8.777

8.779

8.779

8.767

8.792

Reference Case
Analysis

a) Effect estimates

The strategy
"DPP4-I" is
dominated by
"TZD"
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Sensitivity
Analysis

Metformin

Sulfonylurea

Meglitinides

TZD

DPP-4
Inhibitor

AlphaGlucosidase
Inhibitor

Basal Insulin

Biphasic or
Pre-Mixed
Insulin

nodes in MTC
meta-analysis of
RCTs, which was
stratified by
dose

NA

$13,518 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by
"AGI"

The strategy
"DPP4-I" is
dominated by a
blend of "AGI"
and "BipI"

$692,187 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"DPP4-I"

$780,969 per
QALY
(relative to
AGI)

Gliclazide price
and gliclazideeffect estimates
applied in SU
arm

$39,924

$41,344

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.777

8.768

8.781

8.779

8.780

8.769

8.776

NA

$24,598 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$4,621,828 per
QALY (relative
AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$501,649 per
QALY (relative
to Met)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Glimepiride
price and
glimepiride
effect-estimates
applied in SU
arm

$39,924

$41,741

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.777

8.768

8.781

8.779

8.780

8.769

8.776

NA

$30,697 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$4,621,828 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$477,328 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Glyburide price
and glyburide
effect-estimates
applied in SU
arm

$39,924

$40,574

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.794

8.768

8.781

8.779

8.780

8.769

8.776

NA

$8,688 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by
"SU"

The strategy
"DPP4-I" is
dominated by
"SU"

The strategy
"AGI" is
dominated by
"SU"

The strategy
"BasI" is
dominated by
"SU"

The strategy
"BipI" is
dominated
by "SU"

$45,248

$44,373

$46,229

$50,097

$51,301

$46,998

$47,348

$52,367

8.757

8.804

8.792

8.798

8.793

8.791

8.769

8.776

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by
"SU"

The strategy
"DPP4-I" is
dominated by
"SU"

The strategy
"AGI" is
dominated by
"SU"

The strategy
"BasI" is
dominated by
"SU"

The strategy
"BipI" is
dominated
by "SU"

b) Treatment trajectory
All patients in
model assumed
to add insulin
NPH when A1C
≥ 9%

The strategy
"Met" is
dominated
by "SU"

NA
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Sensitivity
Analysis

Metformin

Sulfonylurea

Meglitinides

TZD

DPP-4
Inhibitor

AlphaGlucosidase
Inhibitor

Basal Insulin

Biphasic or
Pre-Mixed
Insulin

c) Resource use and costing
Price of mostexpensive agent
within class
applied

$39,924

$41,716

$42,269

$52,946

$47,191

$42,797

$50,287

$53,804

8.72

8.78

8.77

8.78

8.78

8.78

8.77

8.78

NA

$30,697 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$13,715,159 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"AGI"

$476,276 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"AGI"

The strategy
"BipI" is
dominated
by "TZD"

Management
cost for all longterm diabetesrelated
complications
increased by
25%

$46,374

$46,951

$48,589

$52,484

$53,461

$49,058

$53,619

$58,632

8.72

8.78

8.77

8.78

8.78

8.78

8.77

8.78

NA

$9,894 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$4,649,762 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$930,154 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Gliclazide price
and class-effect
estimates
applied in SU
arm

$39,924

$41,368

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.778

8.768

8.781

8.779

8.780

8.769

8.776

NA

$24,736 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$4,621,828 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$630,844 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Glimepiride
price and classeffect estimates
applied in SU
arm

$39,924

$41,716

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.777

8.768

8.781

8.779

8.780

8.769

8.776

NA

$30,697 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$4,621,828 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$476,276 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Model assumes a
50% reduction in
the price of
blood glucose
test strips

$39,924

$40,456

$42,056

$46,202

$47,191

$42,797

$46,242

$51,259

8.719

8.778

8.768

8.781

8.779

8.780

8.769

8.776

NA

$9,102 per
QALY (relative
to SU)

The strategy
"Meg" is
dominated

$4,621,828 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated

$1,033,639 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated

The strategy
"BipI" is
dominated
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Sensitivity
Analysis

Metformin

Sulfonylurea

Meglitinides

TZD

by "SU"
10% reduction in
price/dose of
insulin products

DPP-4
Inhibitor

AlphaGlucosidase
Inhibitor

by "TZD"

Basal Insulin

Biphasic or
Pre-Mixed
Insulin

by "TZD"

by "TZD"

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$46,822

$51,339

8.719

8.778

8.768

8.781

8.779

8.780

8.769

8.776

NA

$12,757 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$4,621,828 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$939,479 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

$39,924

$42,669

$44,262

$46,202

$47,191

$42,797

$49,350

$54,371

8.719

8.778

8.768

8.781

8.779

8.780

8.769

8.776

NA

$47,023 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"AGI"

$4,621,828 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$56,612 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.71

8.75

8.75

8.75

8.77

8.78

8.75

8.68

NA

$17,839 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by
"AGI"

The strategy
"DPP4" is
dominated by
"AGI"

$80,453 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"AGI"

The strategy
"BipI" is
dominated
by "AGI"

Disutilities for
diabetes-related
complications
obtained from
group of
patients with
type 2 diabetes

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.558

8.622

8.611

8.625

8.624

8.626

8.613

8.621

NA

$11, 694 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by
"AGI"

The strategy
"DPP4-I" is
dominated by
"AGI"

$575,841 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"AGI"

The strategy
"BipI" is
dominated
by "AGI"

Larger
decrement in
HRQoL
associated with
severe

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.764

8.753

8.780

8.779

8.780

8.713

8.712

NA

$16,860 per
QALY (relative

The strategy
"Meg" is

$4,924,369 per
QALY (relative

The strategy
"DPP4-I" is

$130,967 per
QALY (relative

The strategy
"BasI" is

The strategy
"BipI" is

No test strip use
among non–
hypoglycemiainducing OADs

d) HRQoL
Improvement in
HRQoL resulting
from weight loss
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Sensitivity
Analysis

Metformin

Sulfonylurea

Meglitinides

TZD

DPP-4
Inhibitor

AlphaGlucosidase
Inhibitor

Basal Insulin

Biphasic or
Pre-Mixed
Insulin

to Met)

dominated by
"SU"

to AGI)

dominated by
"TZD"

to SU)

dominated by
"TZD"

dominated
by "TZD"

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.775

8.766

8.781

8.779

8.780

8.769

8.776

NA

$13,264 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$7,095,023 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$450,846 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Higher baseline
rate of mild to
moderate
hypoglycemia

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.72

8.78

8.77

8.78

8.78

8.78

8.77

8.78

NA

$12,757 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$4,619,894 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$938,719 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

Event rates for
severe
hypoglycemia
derived from
another large
observational
study

$39,924

$40,574

$42,174

$46,202

$47,191

$42,797

$45,839

$50,855

8.719

8.779

8.769

8.781

8.779

8.780

8.781

8.789

NA

$10,989 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by
"BasI"

The strategy
"DPP4-I" is
dominated by
"BasI"

The strategy
"AGI" is
dominated by
a blend of "SU"
and "BipI"

The strategy
"BasI" is
dominated by a
blend of "SU" and
"BipI"

$1,008,816
per QALY
(relative to
SU)

No HRQoL
decrement for
fear of severe
hypoglycemia

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.779

8.769

8.781

8.779

8.780

8.780

8.787

NA

$12,573 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by a
blend of "SU"
and "BipI"

The strategy
"DPP4-I" is
dominated by
"TZD"

The strategy
"AGI" is
dominated by
a blend of "SU"
and "BipI"

The strategy
"BasI" is
dominated by
"TZD"

$1,344,919
per QALY
(relative to
SU)

hypoglycemia
(Currie et al.)
Larger
decrement in
HRQoL
associated with
mild to
moderate
hypoglycemia
(Levy et al.)

e) Hypoglycemia data
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Sensitivity
Analysis

Metformin

Sulfonylurea

Meglitinides

TZD

DPP-4
Inhibitor

AlphaGlucosidase
Inhibitor

Basal Insulin

Biphasic or
Pre-Mixed
Insulin

f) Other adverse events
Model
incorporates
increased risk of
CHF and upper
extremity
fractures in
patients using
TZDs (safety
data)

$39,924

$40,669

$42,269

$48,064

$47,191

$42,797

$47,348

$52,367

8.719

8.778

8.768

8.687

8.779

8.780

8.769

8.776

NA

12,757 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by
"AGI"

The strategy
"DPP4-I" is
dominated by
"AGI"

939,479 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"AGI"

The strategy
"BipI" is
dominated
by "AGI"

Model
incorporates
reduced HRQoL
associated with
increased
gastrointestinal
symptoms
among patients
using AGI

$39,924

$40,669

$42,269

$46,202

$47,191

$42,797

$47,348

$52,367

8.719

8.778

8.768

8.781

8.779

8.707

8.769

8.776

NA

$12,757 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$843,306 per
QALY (relative
to SU)

The strategy
"DPP4-I" is
dominated by
"TZD"

The strategy
"AGI" is
dominated by
"SU"

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

g) Discount rate, time horizon, and patient characteristics
Discount rate of
0%

Discount rate of
3%

$69,809

$70,860

$73,355

$79,401

$80,909

$74,112

$81,150

$88,912

14.12

14.24

14.22

14.24

14.24

14.24

14.23

14.24

NA

$8,794 per
QALY relative to
Met

The strategy
"Meg" is
dominated by
"SU"

The strategy
"TZD" is
dominated by
"AGI"

The strategy
"DPP4-I" is
dominated by
"AGI"

$642,200 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"AGI"

The strategy
"BipI" is
dominated
by "AGI"

$48,766

$49,612

$51,487

$56,075

$57,225

$52,088

$57,409

$63,276

10.360

10.435

10.423

10.439

10.437

10.439

10.425

10.434

NA

$11,138 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$8,508,580 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$803,495 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"
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Sensitivity
Analysis
Time horizon of
10 years

Time horizon of
25 years

Metformin

Sulfonylurea

Meglitinides

TZD

DPP-4
Inhibitor

AlphaGlucosidase
Inhibitor

Basal Insulin

Biphasic or
Pre-Mixed
Insulin

$22,438

$22,995

$24,075

$26,778

$27,465

$24,472

$27,573

$30,984

5.546

5.568

5.564

5.570

5.569

5.568

5.561

5.565

NA

$25,245 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$1,588,639 per
QALY(relative
to SU)

The strategy
"DPP4-I" is
dominated by
"TZD"

The strategy
"AGI" is
dominated by
a blend of "SU"
and "TZD"

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

$37,731

$38,478

$40,031

$43,871

$44,828

$40,546

$44,988

$49,873

8.407

8.460

8.452

8.463

8.462

8.462

8.451

8.458

NA

$14,127 per
QALY (relative
to Met)

The strategy
"Meg" is
dominated by
"SU"

$2,725,057 per
QALY (relative
to AGI)

The strategy
"DPP4-I" is
dominated by
"TZD"

$1,282,577 per
QALY (relative
to SU)

The strategy
"BasI" is
dominated by
"TZD"

The strategy
"BipI" is
dominated
by "TZD"

A1C = glycosylated hemoglobin; AGI = alpha-glucosidase inhibitors; BasI = basal insulin; BipI = biphasic or pre-mixed insulin; CHF = congestive heart failure; DPP4-I = dipeptidyl peptidase4 inhibitor; HRQoL = health-related quality of life; ICUR = incremental cost-utility ratio; Meg = meglitinides; Met = metformin; MTC = mixed treatment comparison; NA = not applicable;
NPH = neutral protamine Hagedorn; OADs = oral antidiabetes drugs; QALY = quality-adjusted life-year; RCTs = randomized controlled trials; SU = sulfonylurea; TZDs = thiazolidinediones.
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APPENDIX 36: MECHANISMS OF ACTION FOR
ANTIDIABETES PHARMACOTHERAPY
Metformin, a biguanide antidiabetic, is the preferred first line therapy for most patients with
type 2 diabetes.364,365 While its exact mode of action remains unclear,366,367 metformin likely
lowers both fasting and post-prandial glucose concentrations by: 1) decreasing hepatic
glucose production;366,368 2) improving insulin sensitivity, thereby enhancing insulin-stimulated
uptake and utilization of glucose in peripheral tissues;366,368 and 3) decreasing intestinal
absorption of glucose.368 Insulin secretion remains unchanged.366,369 Hypoglycemia is not an
issue, except possibly in cases of extreme overdose.369 The usual initial dose of metformin is
500 mg two to three times daily with meals, and the maximum daily dose is 2.55 g. 369
Sulfonylureas (gliclazide, glimepiride, glyburide, chlorpropramide, glipizide, tolbutamide)
increase the post-prandial secretion of insulin from functional islet beta cells of the
pancreas.367 Reduced hepatic glucose production and increased peripheral sensitivity to
insulin also contribute to hypoglycemic action during prolonged administration of
sulfonylureas.367,370 Initial dosages vary depending on the specific agent and are usually
conservative due to the risk of hypoglycemia, but can be titrated until adequate glycemic
control is achieved.369-375
Thiazolidinediones (pioglitazone, rosiglitazone), or TZDs, are peroxisome proliferatoractivated receptor-gamma (PPARγ) agonists. They increase transcription of insulin-responsive
genes, increasing insulin sensitivity in muscle, fat, and liver cells.376 Hepatic gluconeogenesis
is also decreased.377,378 TZDs depend on the availability of insulin to be effective, but do not
increase insulin secretion, nor do they cause hypoglycemia.377,378 The initial dose of
rosiglitazone is usually 4 mg daily, and can be increased to 8 mg after 2 to 3 months if
response is inadequate. No further benefit is seen with a 12 mg dose.378 Pioglitazone is
usually initiated at 15 or 30 mg daily, and can be gradually increased to 45 mg if response is
inadequate.377
Meglitinide analogues (nateglinide, repaglinide) induce rapid and short-term insulin secretion
from functional pancreatic beta cells.376,379,380 Like sulfonylureas, meglitinide analogues can
induce hypoglycemia, but may do so less frequently.376,379,380 Repaglinide is usually initiated
at 0.5-1 mg two to four times daily before meals, with a maximum daily dose of 16 mg.369,379
Approximately 90% of maximal glucose-lowering effect is seen at 1 mg three times daily.379
Nateglinide is usually initiated at 120 mg three times daily before meals, though patients who
are already near their A1c targets may be started at 60 mg three times daily.380
Alpha-glucosidase inhibitors (acarbose, miglitol) inhibit the alpha-glucosidase enzymes of the
intestine, which break complex carbohydrates such as oligosaccharides down to glucose and
other simple sugars. This delays glucose absorption in patients with type 2 diabetes and
lowers post-prandial hyperglycemia.381 Alpha-glucosidase inhibitors do not themselves cause
hypoglycemia, but may exacerbate it in patients taking insulin or sulfonylureas.369 The initial
dose of acarbose is usually 50 mg once daily taken at the beginning of a meal containing
complex carbohydrates. Dosage is generally increased gradually to 50 mg three times daily as
the patient’s tolerance increases, up to a maximum dose of 100 mg three times daily. 369 The
initial dose of miglitol is usually 25 mg three times daily at the beginning of each main meal.
Dosage may be gradually increased to a maximum of 100 mg three times daily.382
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Incretin agents augment the effects of incretin hormones, including glucagon-like peptide-1
(GLP-1). These hormones regulate glucose homeostasis by increasing insulin secretion from
pancreatic beta cells and decreasing glucagon secretion from alpha cells in response to a
meal. The latter effect results in decreased glucose production from the liver, and a
consequent reduction in blood glucose levels.369,376,383 The dipeptidyl peptidase-4 (DPP-4)
enzyme inactivates GLP-1.376
Incretin agents work in one of two ways:
 GLP-1 receptor agonists (i.e., exenatide, liraglutide) mimic the effects of GLP-1 while
being resistant to inactivation by DPP-4. This results in lowering of fasting and postprandial glucose concentrations.376,384 Like GLP-1, GLP-1 receptor agonists also suppress
inappropriate glucagon secretion and slow gastric emptying, possibly leading to weight
loss.367,384 Exenatide is injected subcutaneously at a usual initial dose of 5 μg twice daily
and may be increased to 10 μg twice daily, if required.384 Liraglutide is initiated with a
dose of 0.6 mg once daily for one week (injected subcutaneously); the dose should be
escalated to 1.2 mg once daily the second week and may be increased to 1.8 mg, if
required.


DPP-4 inhibitors (i.e., sitagliptin, vildagliptin, saxagliptin) decrease the ability of DPP-4 to
degrade GLP-1, leading to lower fasting and post-prandial glucose concentrations.369,376
The usual dosage of sitagliptin is 100 mg once a day.369,383 and the usual dosage of
saxagliptin is 5 mg once daily.35 While not available in Canada or the US, vildagliptin is
approved in the EU for combination therapy with metformin, TZDs, or sulfonylureas. The
usual dose with metformin or TZDs is 50 mg twice daily. In combination with
sulfonylureas, the usual dose is 50 mg once daily; higher doses in this population have not
shown additional benefit.385
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