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EXECUTIVE SUMMARY 

Background 
Type 2 diabetes mellitus is a chronic, metabolic disorder caused by varying degrees of insulin resistance; 
the body usually produces insulin but is unable to use it properly.1 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. Following a detailed review of the clinical and cost-effectiveness 
of second-line agents for diabetes,2 CADTH has recently issued a draft optimal therapy recommendation 
stating that sulfonylureas should be used as second-line therapy for most patients inadequately controlled 
on metformin alone.3   
 
Eight classes of antidiabetes drugs are available as third-line therapy for patients with type 2 diabetes 
inadequately controlled on combination therapy with metformin and sulfonylureas: meglitinides, alpha-
glucosidase inhibitors, thiazolidinediones (TZDs), dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like 
peptide-1 (GLP-1) analogues, basal insulins, bolus insulins, and biphasic insulins. A majority of 
guidelines4-7 recommend that insulin should be started as a third-line agent for most patients; however, 
other guidelines recommend either insulin or an additional oral antidiabetes drug.8,9 Given the increasing 
prevalence of type 2 diabetes, there is a need to evaluate the evidence related to the clinical and cost-
effectiveness of third-line drugs in order to facilitate their optimal use.   
 

Primary Research Question 
What is the comparative efficacy and safety of third-line antidiabetes drugs in children and adults with 
type 2 diabetes mellitus treated with a combination of metformin and sulfonylureas who require additional 
or alternative glucose-lowering therapy due to inadequate glycemic control on existing therapy or 
intolerable adverse effects/contraindications to metformin and/or sulfonylureas?   
 

Methods 
MEDLINE, MEDLINE In-Process & Other Non-Indexed Citations, Embase, BIOSIS Previews, PubMed 
and the Cochrane Central Register of Controlled Trials were searched through the Ovid interface to 
identify English language clinical articles published from 1980 to November 2009. Monthly Ovid 
AutoAlerts were reviewed from December to January 2009. Active and non-active randomized controlled 
trials (RCTs) published in English were included if they were at least four weeks in duration, and 
compared one or more relevant drugs in patients inadequately controlled or intolerant to the combination 
of metfromin and a sulfonylurea.   
 
The relative effectiveness and safety of third-line agents was assessed according to the following 
outcomes: glycosylated hemoglobin (A1C), hypoglycemia (overall, severe, and nocturnal), body weight 
and body mass index (BMI), patient satisfaction, health-related quality of life (HRQoL), long-term 
diabetes-related complications (e.g., myocardial infarction), withdrawals due to adverse events, and 
serious or severe adverse events. We conducted mixed treatment comparisons (MTCs) and pairwise 
meta-analyses for A1C and body weight. The MTC primary analysis was restricted to RCTs using 
interventions added onto metformin and a sulfonylurea. A secondary MTC analysis was conducted using 
all treatment strategies from studies considered to be sufficiently homogenous to pool. Large variation in 
control group (i.e., metformin plus sulfonylurea) event rates and a lack of consistent definitions across 
RCTs prevented MTC analysis for overall hypoglycemia; therefore, only pairwise comparisons were 
performed for this outcome. Study level detail is presented for the remaining outcomes for one or more of 
the following reasons: limited number of available studies, small number of events, and/or 
clinical/methodological heterogeneity between studies. Due to the sparsity of evidence, conventional 
insulins were pooled with insulin analogues into groupings based on time-action profile (i.e., basal 
insulins, biphasic insulins, and bolus insulins). 
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Results 
The systematic review of third-line antidiabetes drugs included 33 unique RCTs (reported in 36 full-text 
articles).10-45  We identified evidence for the following eight drug classes: alpha-glucosidase inhibitors 
(four RCTs),19,21,28,37 meglitinides (one RCT),28 TZDs (nine RCTs),10,17,20,22,27,29,30,38,46 DPP-4 inhibitors 
(one RCT),41 GLP-1 analogues (six RCTs),14,15,25,34,35,40 basal insulin (18 RCTs),10-12,17,21,23,24,26,29,30,35,36,38-

40,43,45,46 bolus insulin (one RCT),43 and biphasic insulin (12 RCTs).11,12,14,16,23-25,27,36,39,43,45  The evidence 
within these eight drug classes was further stratified based upon the following three scenarios:  
 addition of a third-line agent while continuing metformin and sulfonylurea 
 treatment with a third-line agent upon discontinuation of metformin or sulfonylurea (but not both) 
 treatment with a third-line agent upon discontinuation of both metformin and sulfonylurea (e.g., insulin 

monotherapy).   
The first scenario was the most common amongst the included RCTs, with 26 RCTs reporting 
comparisons of interventions added onto existing metformin and sulfonylurea therapy.10,12,14,15,17,19-22,25-

32,34-38,40,41,43,45   
 
Results for key outcomes are subsequently presented. 
 
Long-term complications of diabetes:  
 There were no adequately powered RCTs evaluating the comparative efficacy of any class of third-

line antidiabetes drug for reducing clinically important long-term complications of diabetes. Longer-
term studies with larger sample sizes are required to determine if any of the agents have an 
advantage over another in limiting diabetes-related complications.   

 
Hemoglobin A1C: 
 Compared with metformin and a sulfonylurea alone, basal insulin, biphasic insulin, DPP-4 inhibitors, 

GLP-1 analogues, TZDs, or bolus insulin combined with metformin and a sulfonylurea produced 
statistically significant reductions in A1C (range: -0.9% to -1.2%), but meglitinides and alpha-
glucosidase inhibitors did not. Biphasic insulin was also effective in reducing A1C (-1.9%) when given 
in combination with metformin alone (i.e., patients ceased taking sulfonylureas). 

 There were no statistically significant differences in A1C reductions between basal insulin, biphasic 
insulin, DPP-4 inhibitors, GLP-1 analogues, TZDs, and bolus insulin.   

 The amount and quality of evidence was insufficient to draw conclusions regarding the relative 
efficacy of the add-on, partial-switch, and switch regimens in the initiation of insulin.   

 
Body weight: 
 When added to metformin and sulfonylurea therapy, treatment with basal insulin, biphasic insulin, 

bolus insulin, and TZDs was associated with statistically significantly greater increases in body weight 
than treatment with metformin and sulfonylurea alone. DPP-4 inhibitors, and alpha-glucosidase 
inhibitors were not associated with significant weight gain, and GLP-1 analogues were associated 
with statistically significant weight loss.   

 
Hypoglycemia: 
 TZDs, GLP-1 analogues, DPP-4 inhibitors, and basal insulin were associated with a significantly 

greater risk of overall hypoglycemia than placebo when given in combination with metformin and a 
sulfonylurea.    

 The various insulin-containing strategies were typically associated with a greater risk of overall 
hypoglycemia relative to other active comparators.   

 Biphasic and bolus insulins were associated with a significantly greater risk of overall hypoglycemia 
than basal insulin. 

 Events of severe and nocturnal hypoglycemia were relatively rare for all drug classes, limiting the 
ability to make meaningful comparisons between drug classes. 
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Withdrawals due to adverse events:  

 GLP-1 analogues were associated with a higher incidence of withdrawals because of adverse 
events than placebo, basal insulin, and biphasic insulin. Nausea and vomiting were cited as the 
primary reasons for these withdrawals 

 

Severe adverse events:   

 Low event rates and a lack of consistent reporting prevented meaningful comparisons regarding 
the occurrence of serious or severe adverse events in the included RCTs. 

 

Strengths of the Review 

 Evidence has been presented in three different formats based on differing levels of aggregation:   

 MTC meta-analysis 

 direct pairwise meta-analysis 

 individual study-level results. 

 Direct evidence was available for many comparisons including five of the eight possible comparisons 
against placebo. The good alignment between direct and indirect estimates in most comparisons 
supports the validity of the MTC meta-analysis results. 

 Robustness of the results was demonstrated with extensive sensitivity analyses and meta-regression. 

 Alternative modelling was used to ensure that pooling of trials reflected differences between trials in 
the concomitant use of metformin and sulfonylurea (i.e., primary analysis of add-on therapies only 
versus secondary analysis of all treatment strategies).  

 

Limitations of the Review  

 There were limited data for clinically relevant complications of diabetes. 

 The primary methodological limitations of the included RCTs were failure to report adequate methods 
for allocation concealment, and the use of analyses other than intention-to-treat. 

 Key limitations with respect to external validity of trials included the relatively short duration of trials, 
small sample sizes, failure to report definitions for hypoglycemia and adverse events, blood glucose 
targets that were different from those suggested in the Canadian Diabetes Association Clinical 
Practice Guidelines, and a level of contact between trial subjects and health care professionals that 
likely exceeds routine clinical practice. 

 There was between-study heterogeneity with regard to baseline A1C, duration of diabetes, reporting 
of metformin and sulfonylurea dosing at baseline, glycemic targets specified in the included RCTs, 
inclusion, and characteristics of run-in periods. However, through sensitivity analyses and meta-
regression, the impact of these factors on MTC meta-analysis results was found to be limited. 
 

Conclusions 

There was insufficient evidence to evaluate the comparative efficacy of third-line antidiabetes drugs in 
reducing clinically important long-term complications of diabetes. Compared with continued treatment with 
metformin and sulfonylureas, DPP-4 inhibitors, GLP-1 analogues, TZDs, and bolus insulin produced 
statistically significant reductions in A1C in combination with metformin and sulfonylureas, whereas 
meglitinides and alpha-glucosidase inhibitors did not. Basal insulin, biphasic insulin, bolus insulin, and 
TZDs all resulted in an increase in body weight, while DPP-4 inhibitors, alpha-glucosidase inhibitors, and 
GLP-1 analogues were not associated with significant weight gain. The various insulin-containing 
strategies were typically associated with a greater risk of hypoglycemia relative to other active 
comparators. Given the similar efficacy in terms of glycemic control, a cost-effectiveness analysis is 
warranted to help define the place in therapy for the various drug classes, particularly newer agents. 
Rigourously conducted, longer-term studies with larger sample sizes are required to determine if any of 
the available drug classes are superior in reducing diabetes-related complications.  
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1 INTRODUCTION 

Type 2 diabetes mellitus is a chronic, metabolic disorder caused by varying degrees of insulin resistance; 
the body usually produces insulin but is unable to use it properly.1 When inadequately managed, diabetes 
is likely to result in poor glycemic control.47 Impaired glycemic control, if prolonged, may result in 
diabetes-related complications (e.g., ischemic heart disease, stroke, blindness, end-stage renal disease, 
lower limb amputation).48,49 The global prevalence of diabetes is estimated to be 177 million and is 
projected to increase to 300 million by 2025.50 It is estimated that 1.9 million Canadian men and women 
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.51   
 

Treatment of patients with type 2 diabetes mellitus usually begins with lifestyle modification and oral 
antidiabetes drugs. Metformin is recommended as the first-line oral antidiabetes drug in most patients 
with type 2 diabetes mellitus when glycemic control cannot be achieved by lifestyle interventions 
alone.8,52-55 Recent utilization data indicate that the majority of patients with type 2 diabetes mellitus 
initiating pharmacotherapy in Canada are started on metformin.56 As type 2 diabetes mellitus 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 insulin, to achieve or maintain target blood glucose 
levels.57,58 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.  Following a detailed 
review of the clinical and cost-effectiveness of second-line agents for diabetes,2 the Canadian Agency for 
Drugs and Technologies in Health (CADTH) has recently issued an optimal therapy recommendation 
stating that sulfonylureas should be used as second-line therapy for most patients inadequately controlled 
on metformin alone.3   

Eight classes of antidiabetes drugs are available as third-line therapy for patients with type 2 diabetes 
inadequately controlled on combination therapy with metformin and sulfonylureas: meglitinides, alpha-
glucosidase inhibitors, thiazolidinediones (TZDs), dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like 
peptide-1 (GLP-1) analogues, basal insulins, bolus insulins, and biphasic insulins (Table 1). A majority of 
guidelines4-7 recommend that insulin should be started as a third-line agent for most patients; however, 
other guidelines recommend either insulin or an additional oral antidiabetes drug.8,9 Given the increasing 
prevalence of type 2 diabetes, there is a need to evaluate the evidence related to the clinical and cost-
effectiveness of third-line drugs in order to facilitate their optimal use.  
 
A glossary of terms used in this report can be found in Appendix 1. 
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Table 1: Drugs Included in the Therapeutic Review 

Generic 
Name 

Dosage  Admin. Relevant Health Canada Indications  

Sulfonylureas 
Gliclazide/ 
Gliclazide MR 

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

Oral Control of hyperglycemia in gliclazide responsive type 2 diabetes 
which cannot be controlled by proper dietary management and 
exercise, or when insulin therapy is not appropriate.59,60 

Glimepiride  Range: 1-8 mg 
DDD: 2 mg 

Oral 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.61 

Glyburide  Range: 2.5-20 mg 
DDD: 10 mg 

Oral 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.62 

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.63 

Glipizide  Range: 5-40 mg 
DDD: 10 mg 

Oral Not approved in Canada. 

Tolbutamide  Range: 500-3,000 mg 
DDD: 1,500 mg 

Oral To control hyperglycemia in tolbutamide-responsive type 2 diabetes 
which cannot be controlled by proper dietary management and 
exercise or when insulin therapy is not appropriate.64 

Thiazolidinediones 
Pioglitazone Range: 15-45 mg 

DDD: 30 mg 
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.65 
 

Rosiglitazone  Range: 4-8 mg 
DDD: 6 mg 

Oral 
 

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.66 
 

Meglitinides 
Nateglinide  Range: 180-360 mg  

DDD: 360 mg 
Oral 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.67 
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Table 1: Drugs Included in the Therapeutic Review 

Generic 
Name 

Dosage  Admin. Relevant Health Canada Indications  

Repaglinide  Range: 0.5-16 mg 
DDD: 4 mg 

Oral 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.68 
 

Alpha-glucosidase inhibitors 
Acarbose  Range: 150-300 mg 

DDD: 300 mg 
Oral 

 
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.69 

Miglitol Range: 75-300 mg 
DDD: 300 mg 

Oral 
 

Not approved in Canada. 

DPP-4 inhibitors 
Sitagliptin Range: 100 mg 

DDD: 100 mg 
Oral 

 
Indicated as an adjunct to diet and exercise in adult patients with 
type 2 diabetes and for whom metformin is inappropriate due to 
contraindications or intolerance; in combination with metformin in 
adult patients with type 2 diabetes to improve glycemic control 
when diet and exercise, plus metformin, do not provide adequate 
glycemic control; and in combination with metformin and a 
sulfonylurea in adult patients with type 2 diabetes to improve 
glycemic control when diet and exercise, and dual therapy with 
these drugs, do not provide adequate glycemic control.70 

Vildagliptin  Range: 100 mg 
DDD: 100 mg 

Oral 
 

Not approved in Canada. 

Saxagliptin Range: 5 mg 
DDD: N/A 

Oral 
 

Indicated in patients with type 2 diabetes to improve glycemic 
control in combination with metformin or a sulfonylurea, when 
metformin or the sulfonylurea used alone, with diet and exercise, 
does not provide adequate glycemic control.71 

GLP-1 analogues 
Exenatide Range: 10-20 μg 

DDD: 15 μg 
SC Not approved in Canada. 

Liraglutide Range: 1.2-1.8 mg 
DDD: N/A 

SC Indicated in adults with type 2 diabetes to improve glycemic control 
in combination with metformin or metformin with a sulfonylurea, 
when, with diet and exercise, metformin or metformin and a 
sulfonylurea alone do not provide adequate glycemic control.72 

Bolus insulin 
Insulin aspart  Dosage is 

individualized  
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 long-
acting insulin.73 

Insulin lispro  Dosage is 
individualized  

SC Indicated for the treatment of patients with DM who require insulin 
for the maintenance of normal glucose homeostasis. Also indicated 
for the initial stabilization of DM.74 

Insulin glulisine  Dosage is 
individualized  

SC Indicated for the treatment of adult patients with type 2 diabetes 
where treatment with insulin is required.75 

Regular human 
insulin 

Dosage is 
individualized  

SC For the treatment of insulin-requiring diabetic patients. 

Basal insulin 
Insulin NPH Dosage is 

individualized  
SC For the treatment of insulin-requiring diabetic patients. 
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Table 1: Drugs Included in the Therapeutic Review 

Generic 
Name 

Dosage  Admin. Relevant Health Canada Indications  

Insulin detemir  Dosage is 
individualized  

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.76 

Insulin glargine  Dosage is 
individualized  

SC 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.77 
 

Insulin NPL Dosage is 
individualized  
 

SC Not approved in Canada. 

Biphasic insulins 
Premixed regular 
NPH  

Dosage is 
individualized  

SC For the treatment of insulin-requiring diabetic patients. 

Biphasic insulin 
aspart  

Dosage is 
individualized  

SC Indicated for the treatment of adult patients with DM who require 
insulin for the maintenance of normal glucose homeostasis.78 

Biphasic insulin 
lispro 

Dosage is 
individualized  

SC Indicated for the treatment of patients with DM who require insulin 
for the maintenance of normal glucose homeostasis. Also indicated 
for the initial stabilization of DM.74 

Admin. = administration; DDD = defined daily dose (World Health Organization); DM = diabetes mellitus; DPP-4 = dipeptidy 
peptidase-4; GLP-1 = glucagon-like peptide-1; NPH = neutral protamine Hagadorn; NPL= neutral protamine lispro; OADs = oral 
antidiabetes drugs; SC = subcutaneous;; TZD = thiazolidinediones. 

 

1.1 Mechanisms of Action for Antidiabetes Pharmacotherapy 
Metformin, a biguanide antidiabetic, is the preferred first-line therapy for most patients with type 2 
diabetes.79,80 While its exact mode of action remains unclear,81,82 metformin likely lowers both fasting and 
post-prandial glucose concentrations by: 
 decreasing hepatic glucose production81,83  
 improving insulin sensitivity, thereby enhancing insulin-stimulated uptake and utilization of glucose in 

peripheral tissues81,83  
 decreasing intestinal absorption of glucose.83   
Insulin secretion remains unchanged.81,84  Hypoglycemia is not an issue, except possibly in cases of 
extreme overdose.84  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.84 

 
1.1.1 Sulfonylureas  

Sulfonylureas (gliclazide, glimepiride, glyburide, chlorpropramide, glipizide, tolbutamide) increase the 
post-prandial secretion of insulin from functional islet beta cells of the pancreas.82 Reduced hepatic 
glucose production and increased peripheral sensitivity to insulin also contribute to hypoglycemic action 
during prolonged administration of sulfonylureas.82,85 Initial dosages vary depending on the specific agent, 
and are usually conservative because of the risk of hypoglycemia, but can be titrated until adequate 
glycemic control is achieved.84-90 
 
Thiazolidinediones (pioglitazone, rosiglitazone), or TZDs, are peroxisome proliferator-activated receptor-
gamma agonists. They increase transcription of insulin-responsive genes, increasing insulin sensitivity in 
muscle, fat, and liver cells.91 Hepatic gluconeogenesis is also decreased.92,93  TZDs depend on the 
availability of insulin to be effective, but do not increase insulin secretion, nor do they cause 
hypoglycemia.92,93 The initial dose of rosiglitazone is usually 4 mg daily, and can be increased to 8 mg 
after two to three months if response is inadequate. Pioglitazone is usually initiated at 15 mg or 30 mg 
daily, and can be gradually increased to 45 mg if response is inadequate.92   
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Meglitinide analogues (nateglinide, repaglinide) induce rapid and short-term insulin secretion from 
functional pancreatic beta cells.91,94,95 Like sulfonylureas, meglitinide analogues can induce hypoglycemia, 
but may do so less frequently.91,94,95 Repaglinide is usually initiated at 0.5 m to1 mg two to four times daily 
before meals, with a maximum daily dose of 16 mg.84,94 Approximately 90% of maximal glucose-lowering 
effect is seen at 1 mg three times daily.94 Nateglinide is usually initiated at 120 mg three times daily 
before meals, although patients who are already near their glycosylated haemoglobin (A1C) targets may 
be started at 60 mg three times daily.95 
 
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.96 
Alpha-glucosidase inhibitors do not themselves cause hypoglycemia, but may exacerbate it in patients 
taking insulin or sulfonylureas.84 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.84 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.97 
 
GLP-1 receptor agonists (exenatide, liraglutide) mimic the effects of GLP-1 while being resistant to 
inactivation by DPP-4. This results in lowering of fasting and post-prandial glucose concentrations.91,98 
GLP-1 receptor agonists suppress inappropriate glucagon secretion and slow gastric emptying. These 
agents may also lead to weight loss.82,98 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.98 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 (sitagliptin, vildagliptin, saxagliptin) decrease the ability of DPP-4 to degrade GLP-1, 
leading to lower fasting and post-prandial glucose concentrations.84,91 The usual dosage of sitagliptin is 
100 mg once daily84,99 and the usual dosage of saxagliptin is 5 mg once daily.71 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.100 
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2 OBJECTIVE(S) AND METHODS 

2.1 Primary Clinical Research Questions 

2.1.1 Research question 

What is the comparative efficacy and safety of third-line antidiabetes drugs in children and adults with 
type 2 diabetes mellitus treated with a combination of metformin and a sulfonylurea who:  
 require additional or alternative glucose-lowering therapy because of inadequate glycemic control on 

existing therapy (i.e., A1C > 6.5% or fasting plasma glucose [FPG]        > 7 mmol/L or two-hour post-
prandial glucose > 10 mmol/L)? 

 require a switch to another glucose-lowering agent because of inadequate glycemic control on 
existing therapy (i.e., A1C > 6.5% or FPG > 7 mmol/L or two-hour post-prandial glucose > 10 
mmol/L)? 

 require a switch to another glucose-lowering agent because of intolerable adverse effects or the 
development of contraindications to metformin and/or sulfonylureas? 

 

2.2 Methods 
See Appendix 2 for detailed study protocol. 

 
2.2.1 Overview of methods  

MEDLINE, MEDLINE In-Process & Other Non-Indexed Citations, Embase, BIOSIS Previews, PubMed, 
and the Cochrane Central Register of Controlled Trials were searched through the Ovid interface to 
identify English language clinical articles published from 1980 to November 2009. Monthly OVID 
AutoAlerts were reviewed from December to January 2009. See Appendix 3 for detailed literature search 
strategy. 
 
The population of interest consisted of adults with type 2 diabetes requiring additional or alternative 
antihyperglycemic therapy due to inadequate control (A1C > 6.5%, FPG > 7 mmol/L, or 2-hour PPG > 10 
mmol/L) on, or intolerance to, metformin and sulfonylurea combination therapy. We included agents from 
drug classes which had approval from Health Canada, the Food and Drug Administration, or the 
European Medicines Agency as of December 2009: meglitinides, TZDs, DPP-4 inhibitors, GLP-1 
analogues, insulins/insulin analogues, and alpha-glucosidase inhibitors. Active and non-active 
randomized controlled trials (RCTs) published in English were included if they were at least four weeks in 
duration and compared one or more relevant drugs in any of the following scenarios:  
 addition of a third agent while continuing metformin and sulfonylurea combination therapy (add-on 

therapy) 
 initiation of third-line therapy upon discontinuation of metformin or sulfonylurea (partial switch) 
 initiation of third-line therapy upon discontinuation of  both metformin and sulfonylurea (full switch).  

 
We included studies regardless of metformin and sulfonylurea dosage at baseline, or treatment history 
prior to metformin and sulfonylurea combination therapy. See Appendix 4 for QUORUM diagram, and 
Appendix 5 for a listing of included and excluded studies. 
 
Outcomes of interest included A1C, hypoglycemia, body weight, quality of life, long-term complications of 
diabetes, withdrawals due to adverse events, and severe adverse events. 
Bayesian mixed treatment comparison (MTC) meta-analysis and frequentist pairwise meta-analysis was 
performed where appropriate. This review used a random-effects model for the reference case of all 
pairwise and MTC meta-analyses, as there was a degree of heterogeneity across studies in trial duration, 
dosing of agents, baseline characteristics, and treatment history of the included patients. MTC and 
pairwise meta-analyses were conducted for A1C and body weight. The MTC primary analysis was 
restricted to RCTs in which third-line agents were added on to metformin and sulfonylureas. A secondary 
MTC analysis was conducted using all treatment strategies from studies considered to be sufficiently 
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homogenous to pool. Large variation in control group (i.e., metformin plus sulfonylurea) event rates and a 
lack of consistency in definitions across individual RCTs prevented MTC analysis for overall 
hypoglycemia; therefore, only pairwise comparisons were performed for this outcome. Only study level 
detail is presented for the remaining outcomes for one or more of the following reasons: limited number of 
available studies, small number of events, and/or clinical/methodological heterogeneity between studies. 
In the case of severe hypoglycemia and severe/serious adverse events, MTC meta-analyses could not be 
conducted due to the zero event rates observed in the majority of studies.   

 
2.2.2 Handling of trial heterogeneity in MTC analysis 

Both MTC and traditional meta-analysis require studies to be sufficiently similar in order to pool their 
results. A wide range of patient and trial characteristics were assessed to ensure similarity and/or 
investigate potential implications of heterogeneity across the 33 included RCTs.  We identified a number 
of areas where there was clinical and methodological heterogeneity. The issues identified were similar to 
what has been reported in previous systematic reviews of antidiabetes drugs (e.g., differences in baseline 
hemoglobin A1C).2,101,102 In most cases, we attempted to explore the possible effects of heterogeneity 
through the use of sensitivity analyses and meta-regression. 
 

Table 2: Approach to Addressing Key Areas of Clinical and  
Methodological Heterogeneity 

Issue Description of Heterogeneity Action 

Duration of diabetes Trials varied in duration of diabetes at 
baseline (range: 3.5 years to 12.7 
years). 

 Meta-regression 
 

Baseline A1C Trials varied in mean A1C at baseline 
(range: 8.1% to11.3%). 

 Meta-regression 
 Sensitivity analysis with removal of studies 

specifying an A1C threshold < 7.0% for 
inclusion 

Trial duration Variability in trial duration (range: 3 
months to 12 months; typical: 6 
months). 

 Meta-regression  
 Sensitivity analysis with removal of studies 

less than one year 
Sulfonylurea dose at 
baseline 

Trials varied in thresholds and reporting 
of sulfonylurea dosage at baseline. 

 Sensitivity analysis with removal of studies 
failing report dosage at baseline 

Concomitant use of 
metformin and 
sulfonylureas  

Included RCTs used three distinct 
treatment scenarios in the included 
RCTs: 
•  addition of a third-line agent while 
continuing metformin and sulfonylurea 
•  initiation of a third-line agent upon 
discontinuation of metformin or 
sulfonylurea (but not both) 
•  initiation of treatment with a third-line 
agent upon discontinuation of both 
metformin and sulfonylurea 

 To maximize similarity across trials, only 
trials of add-on therapies were pooled in the 
primary MTC analysis  

 A secondary MTC analysis was conducted 
by pooling all treatment strategies (i.e., add-
on, partial switch, and switch) deemed 
sufficiently similar 

Previous treatment 
history 

There was heterogeneity in reporting 
the previous treatment history of 
patients.   

 Based on clinical opinion, the duration of 
diabetes was considered of greater 
importance in predicting treatment efficacy 
than prior pharmacotherapy, hence pooling 
was considered appropriate. 

Crossover studies Three crossover studies were included 
in the systematic review and meta-
analyses 

 Sensitivity analysis with removal of cross-
over studies 

Baseline body mass 
index 

There was some heterogeneity in the 
baseline body mass index of patients 

 Meta-regression for analysis of body weight 

A1C = glycosylated hemoglobin; MTC = mixed treatment comparison; RCT = randomized controlled trial. 
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2.3 Supplemental research questions 
Additional questions related to second- and third-line therapy for patients with type 2 diabetes were 
identified as being of interest by jurisdictions, expert committee members, and other experts: 
1. What is the validity of A1C as a surrogate outcome for clinically important complications of diabetes 

(see Appendix 6)? 
2. What do clinical practice guidelines recommend for second- and third-line therapy of type 2 diabetes 

(see Appendix 7)? 
3. What constitutes an adequate trial of first- and second-line therapy (i.e., metformin and sulfonylureas) 

before the decision to increase doses, or to add or switch to other agents is made (see Appendix 8)? 
4. What is the evidence regarding the safety and efficacy of high doses of metformin versus addition of 

second-line agents after inadequate control on low to moderate doses of metformin monotherapy 
(see Appendix 9)? 

5. What is the evidence related to the safety and efficacy of increased doses of first- and second-line 
therapy (i.e., metformin and/or sulfonylureas) versus addition or switch to a third-line agent (see 
Appendix 10)? 

 
2.3.1 Methods 

The approach for all supplemental questions consisted of a specific literature search, a narrative 
summary of the data, and a critical appraisal of the available evidence. 
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3 RESULTS 

3.1 Summary of Included Studies  
Patient and study characteristics of the included trials are summarized in Table 3. For further details, see Appendices 11, 12, and 13.  
 

Table 3: Characteristics of Included Studies 

Combination Therapy at Baseline Author, Year Interventions/Comparators Randomized 
Sample Size 

Avg. 
Age 

(years) 

% Male Avg. 
Duration 

of DM 
(years) 

Avg. 
A1C (%) 

Metformin 
Dosage 

Sulfonylurea 
Dosage 

Duration of 
Stable Therapy 

(months) 

Aljabri et al., 
200410 

 Pioglitazone (30mg/day to    
45 mg/day) + Met + SU 

 NPH insulin (titrated to FG   
<  6.0 mmol/L) + Met + SU 

62 58.0 60.3 10.0 9.9 2050 mg/day 
± 490 mg/day 
2210 mg/day 
± 504 mg/day 

Glyburide (20 
mg/day) 

≥ 3 

Al-Shaikh, 
200612 

 Insulin glargine (h.s., 
started at 14 IU/d, titrated 
by 8 IU/d if FBG        > 11 
mmol/L and 4 IU/d if FBG     
>  7.8 but < 11 mmol/L) + 
Met + SU 

 Biphasic 30/70 human 
insulin,  2/3 dose in 
morning and 1/3 dose in 
evening (started at 1 
IU/kg/day, morning dose 
titrated up                4 
IU/week if FBG > 11 
mmol/L, evening dose if 
FBG > 7.8 mmol/L) 

221 56.3 56.1 NR 11.3 Max. 
tolerated 
dose 

Max. tolerated 
dose 

≥ 3 

Bergenstal et 
al., 200914 

 BIAsp30 (QD, 12 IU q.d., 
titrated to BG 5.0-6.1 
mmol/L) + Met + SU 

 BIAsp30 (b.i.d., 6 IU b.i.d., 
titrated to BG 5.0-6.1 
mmol/L) + Met 

 Exenatide (10 g b.i.d.) + 
Met + SU 

372 52.6 48.4 9.0 10.2 > 1,500 
mg/day 

half max. dose 3 
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Table 3: Characteristics of Included Studies 

Combination Therapy at Baseline Author, Year Interventions/Comparators Randomized 
Sample Size 

Avg. 
Age 

(years) 

% Male Avg. 
Duration 

of DM 
(years) 

Avg. 
A1C (%) 

Metformin 
Dosage 

Sulfonylurea 
Dosage 

Duration of 
Stable Therapy 

(months) 

Berhanu et 
al., 200716 

 Insulin (Humulin N, 
Humalog, or Humulin 
30/70 titrated to FPG < 7.8 
mmol/L) + pioglitazone     
(45 mg/day) + Met  

 Insulin (Humulin N, 
Humalog, or Humulin 
30/70 titrated to FPG < 7.8 
mmol/L) + Placebo + Met 

222 
 

52.7 42.3 NR 8.5 ≥ 2,000 
mg/day 

> 50% max. 
dose 

≤3 

Boye et al., 
200618 
 
Companion40 

 Exenatide () + SU + Met  
 Insulin glargine (h.s.) + SU 

+ Met 

NR 58.5 55.2 9.5 ± 5.7 8.3 ± 
1.0 

NR NR NR 

Charpentier 
and Halimi, 
200920 

 Pioglitazone (30 mg/day to   
45 mg/day) + Met + SU  

 Placebo + Met + SU 

299 59.7 75.4 12.3 8.1 2,584 mg/day 
(mean) 

Glyburide (15.1 
mg, n = 105); 
glimepiride (5.2 
mg, n = 97); 
gliclazide (146 
mg,    n = 91); 
glipizide   (20 
mg, n= 2); 
carbutamide 
(1,000 mg, n = 1) 

≥ 3 

Dailey et al., 
200422 

 Rosiglitazone (4 mg to 8 
mg) + Met + SU  

 Placebo + Met + SU 

365 57.0 59.5 9.0 8.1 NR NR ≥ 2 

Davies et al., 
200724 

 Biphasic 30/70 human 
insulin (b.i.d., average 
dose 0.63 ± 0.32 IU/kg) + 
Met 

 NPH Insulin (h.s., average 
dose 0.58 ± 0.21 IU/kg) + 
Met 

 NPH insulin (h.s., average 
dose 0.37 ± 0.22 IU/kg) + 
repaglinide (a.c., 1.5 mg to 
12 mg) + Met 

82 57.2 43.9 8.7 9.7 Max. 
tolerated 

dose 

NR NR 
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Table 3: Characteristics of Included Studies 

Combination Therapy at Baseline Author, Year Interventions/Comparators Randomized 
Sample Size 

Avg. 
Age 

(years) 

% Male Avg. 
Duration 

of DM 
(years) 

Avg. 
A1C (%) 

Metformin 
Dosage 

Sulfonylurea 
Dosage 

Duration of 
Stable Therapy 

(months) 

De Mattia et 
al., 200926 

 Insulin glargine (starting        
10 IU/day, algorithmic 
titration to FBG < 5.5 
mmol/L) + Met + SU 

 NPH Insulin (starting 10 
IU/day, algorithmic titration 
to FBG < 5.5 mmol/L)  + 
Met + SU 

20 59.4 70.0 ≥ 5 9.3 ± 
1.4 

800 mg/day 
to1,200 
mg/day 

Glyburide:            
5 mg/day to        
7.5 mg/day 

3 

Derosa et al., 
200928 

 Acarbose (100 mg t.i.d.) + 
Met + SU 

 Rapaglinide (6 mg/day) + 
Met + SU 

103 54.0 49.5 3.5 8.1 NR NR NR 

Dorkhan et 
al., 200930 

 Pioglitazone (up to 45 
mg/day) + Met + SU 

 Insulin glargine (titrated to 
FPG < 6 mmol/L) + Met + 
SU 

30 61.2 66.7 10.3 8.2 NR NR NR 

Esposito et 
al., 200832 

 NPL insulin (h.s., started at  
10 IU/day and titrated to 
FPG < 5.6 mmol/L) + Met 
+ SU 

 Insulin glargine (h.s., 
started at 10 IU/day and 
titrated to FPG < 5.6 
mmol/L) + Met + SU 

116 54.4 51.8 8.2 8.8 NR NR ≥ 3 

Gao et al., 
200934 

 Exenatide (10 μg b.i.d.) + 
Met + SU 

 Placebo (b.i.d.) + Met + 
SU 

472 54.5 44.4 8.0 8.3 1,000 mg to 
3,000 mg 

NR ≥ 3 
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Table 3: Characteristics of Included Studies 

Combination Therapy at Baseline Author, Year Interventions/Comparators Randomized 
Sample Size 

Avg. 
Age 

(years) 

% Male Avg. 
Duration 

of DM 
(years) 

Avg. 
A1C (%) 

Metformin 
Dosage 

Sulfonylurea 
Dosage 

Duration of 
Stable Therapy 

(months) 

Goudswaard 
et al., 200436 

 NPH insulin (h.s., starting 
dose 8 IU, titrated to FBG 
4.0 mmol/L to7.0 mmol/L 
and postprandial BG 4.0 
mmol/L to10.0 mmol/L) + 
Met + SU 

 Biphasic insulin (70/30) 
(b.i.d., starting dose 12 IU 
before breakfast and 6 IU 
before dinner, titrated to 
FBG 4.0 mmol/L to 7.0 
mmol/L and postprandial 
BG 4.0 mmol/L to10.0 
mmol/L) 

69 58.5 48.4 7.4 8.5 NR NR NR 

Hartemann-
Heurtier et 
al., 200938 

 Pioglitazone (30 mg/day) + 
Met + SU 

 NPH insulin (0.2 IU/kg/d, 
q.d.)+ Met + SU 

28 60.1 59.3 12.0 8.4 Max. 
tolerated 

dose 

Max. tolerated 
dose 

6 

Heine et al., 
200540 

 Exenatide (10 μg b.i.d.) + 
Met + SU 

 Insulin glargine (starting 
dose 10 IU/d, titrated in 2 
IU increments every 3 
days to FBG < 5.6 mmol/L) 
+ Met + SU 

551 58.9 61.1 9.6 8.2 NR NR ≥ 3 

Hermansen 
et al., 200741 

 Sitagliptin (100 mg/day) + 
Met + SU 

 Placebo + Met + SU 

219 57.3 52.4 10.2 8.3 ≥ 1,500 
mg/day 

Glimepiride       
≥ 4 mg/d 

2.5 
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Table 3: Characteristics of Included Studies 

Combination Therapy at Baseline Author, Year Interventions/Comparators Randomized 
Sample Size 

Avg. 
Age 

(years) 

% Male Avg. 
Duration 

of DM 
(years) 

Avg. 
A1C (%) 

Metformin 
Dosage 

Sulfonylurea 
Dosage 

Duration of 
Stable Therapy 

(months) 

Holman et al., 
200743 

 Insulin aspart (t.i.d., 
median starting dose 18 
IU/day, titrated to FBG 4.0 
mmol/L to 5.5 mmol/L and 
2-hr postprandial BG 5.0 
mmol/L to 7.0 mmol/L) + 
Met + SU 

 Insulin detemir (h.s. or 
b.i.d., median starting 
dose 16 IU/day, titrated to 
FBG 4.0 mmol/L to 5.5 
mmol/L and 2-hr 
postprandial BG 5.0 
mmol/L to 7.0 mmol/L) + 
Met + SU  

 Biphasic insulin aspart 30 
(b.i.d., median starting 
dose 16 IU/day, titrated to 
FBG 4.0 mmol/L to 5.5 
mmol/L and 2-hr 
postprandial BG 5.0 
mmol/L to 7.0 mmol/L) + 
Met + SU 

708 61.7 64.1 Median: 
9.0 

8.5 ± 
0.8 

Max. 
tolerated 

dose 

Max. tolerated 
dose 

≥ 4 

Janka et al., 
200511 

 Insulin glargine (titrated to   
5.5 mmol/L) + Met + SU 

 30/70 NPH (titrated to           
5.5 mmol/L) + placebo 

364 60.6 59.1 9.9 8.8 ≥ 850 mg/day Glimepiride:     
3 mg/day  to 4 

mg/day 

> 1 

Janka et al., 
200713 
 
Subgroup11 

 Insulin glargine (titrated to   
5.5 mmol/L) + Met + SU 

 30/70 NPH (titrated to           
5.5 mmol/L) + placebo 

130 69.4 56.1 11.6 8.9 ≥ 850 mg/day Glimepiride: 3-4 
mg/day 

≥ 1 

Kendall et al., 
200515 

 Exenatide (5 μg b.i.d.) + 
Met + SU 

 Exenatide (10 μg b.i.d.) + 
Met       + SU 

 Placebo + Met + SU 

734 55.3 58.1 8.9 8.5 NR NR ≥ 3 
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Table 3: Characteristics of Included Studies 

Combination Therapy at Baseline Author, Year Interventions/Comparators Randomized 
Sample Size 

Avg. 
Age 

(years) 

% Male Avg. 
Duration 

of DM 
(years) 

Avg. 
A1C (%) 

Metformin 
Dosage 

Sulfonylurea 
Dosage 

Duration of 
Stable Therapy 

(months) 

Ko et al., 
200617 

 Rosiglitazone (2 mg/day to   
8 mg/day) + Met + SU 

 NPH Insulin (h.s., started 
at 6 IU, titrated to A1C < 
7.5%) + Met + SU 

112 58.2 50.0 12.7 ± 7.6 9.9 ± 
1.0 

2,400 ±        
600 mg 
(significantly 
different  
between 
groups) 

34% on 
glyburide (20 
mg/day); 20% on 
glipizide         (20 
mg/day); 46% on 
gliclazide      
(320 mg/day) 

≥ 6 

Lam et al., 
199819 

 Acarbose (150-300 
mg/day)         + Met + SU 

 Placebo + Met + SU 

90 57.4 43.8 10.1 9.5 1,790 ± 750 
(SD; 
acarbose) 
1,790 ± 780 
(SD; 
placebo) 

Glyburide (10 
mg b.i.d.) 
Gliclazide (160 
mg b.i.d.) 

≥ 6 

Lopez-
Alvarenga et 
al, 199921 

 Acarbose (100 mg TID) + 
Met + SU 

 Insulin NPH (starting dose   
8 IU/day, titrated in 8 IU 
increments every 4 weeks 
to FPG < 7.7 mmol/L) + 
Met + SU 

 Placebo + Met + SU 

37 52.6 27.6 10.1 11.3 1,200 mg/day Chlorpropamide 
(500 mg/day) 

≥ 3 

Milicevic et 
al., 200923 

 Insulin NPH (h.s., average 
ending dose 21 ± 9.4 IU) + 
SU 

 Biphasic Insulin lispro 
50/50 pre-breakfast, 
biphasic insulin lispro 
25/75 pre-dinner (titrated, 
average ending dose 44.1 
± 19.9 IU) 

135 57.4 31.9 9.1 9.7 NR NR ≥ 1.5 

Nauck et al., 
200725 

 Exenatide (10 μg b.i.d.) + 
Met + SU 

 Biphasic insulin aspart 
30/70 (titrated, average 
ending dose 24.4 ± 15.6 
IU/day) 

505 58.5 51.1 9.9 8.6 NR NR ≥ 3 
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Table 3: Characteristics of Included Studies 

Combination Therapy at Baseline Author, Year Interventions/Comparators Randomized 
Sample Size 

Avg. 
Age 

(years) 

% Male Avg. 
Duration 

of DM 
(years) 

Avg. 
A1C (%) 

Metformin 
Dosage 

Sulfonylurea 
Dosage 

Duration of 
Stable Therapy 

(months) 

Ovalle et al., 
200427 

 Rosiglitazone (8 mg/day) + 
Met + SU 

 Biphasic insulin 70/30 
(starting dose 0.2 IU/kg, 
titrated to FBG < 6.7 
mmol/L) 

17 51.2 NR 7.6 8.8 NR NR NR 

Reynolds et 
al., 200729 

 Rosiglitazone (4 mg/day to   
8 mg/day) + Met + SU 

 Insulin glargine (h.s., 
started at  10 IU/d, 
increasing weekly in 2 IU 
to 4 IU increments to FBG   
< 6.7 mmol/L if no 
hypoglycemia) + Met + SU 

40 NR NR NR 9.0 ≥ half-max. ≥ half-max. ≥3 

Rosenstock 
et al., 200631 

 Rosiglitazone (4 mg/day to   
8 mg/day) + Met + SU 

 Insulin glargine (h.s., 
starting dose 10 IU, titrated 
to 5.5 mmol/L to   6.7 
mmol/L if no severe 
hypoglycemia) + Met + SU 

219 55.6 51.9 8.3 8.7 2,000 mg/day 
or max. 

tolerated 
dose 

≥ 50% of the 
max. labelled 

dose 

≥3 

Ross et al., 
200133 

 Insulin lispro + Insulin NPH 
 Human insulin + Insulin 

NPH 

148 58.5 43.9 11.1 10.6 NR NR NR 

Russell-
Jones et al., 
200935 

 Liraglutide (1.8 mg/day) + 
Met + SU 

 Insulin glargine (titrated, 
average dose 24 IU) + Met 
+ SU 

 Placebo + Met + SU 

581 57.5 56.6 9.4 8.3 2,000 mg/day Glimepiride      
4 mg/day 

≥ 0.75 

Standl et al., 
200137 

 Miglitol (50 mg to 100 mg 
t.i.d.) + Met + glyburide  

 Placebo + Met + glyburide 

154 61.5 52.6 Median: 
8.0 and 

9.0 

8.8 NR NR ≥ 6 
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Table 3: Characteristics of Included Studies 

Combination Therapy at Baseline Author, Year Interventions/Comparators Randomized 
Sample Size 

Avg. 
Age 

(years) 

% Male Avg. 
Duration 

of DM 
(years) 

Avg. 
A1C (%) 

Metformin 
Dosage 

Sulfonylurea 
Dosage 

Duration of 
Stable Therapy 

(months) 

Stehouwer et 
al., 200339 

 NPH insulin (titrated 2 
IU/wk to 4 IU/wk until FPG 
4 mmol/L to 7 mmol/L or 
PPG 4 mmol/L to 10 
mmol/L or A1C ≤ 6.5) + SU 

 NPH insulin (titrated 2 
IU/wk to 4 IU/wk until FPG 
4 mmol/L to 7 mmol/L or 
PPG 4-10 mmol/L or A1C   
≤ 6.5) 

 NPH insulin + 30/70 insulin 
NPH (titrated 2 IU/wk to 4 
IU/wk until FPG 4-7 
mmol/L or PPG 4 mmol/L 
to 10 mmol/L or A1C ≤ 6.5) 

261 57.9 50.2 7.9 9.4 1,000 mg/day Glimepiride      
6 mg/day 

≥ 1 

Strojek et al., 
200945 

 Insulin glargine (titrated, 
average ending dose 0.29 
IU/kg) + Met + SU 

 BIAsp30 (titrated, average 
ending dose 0.32 IU/kg) + 
Met + SU 

480 
 

56.0 43.9 9.3 8.5 2,550 mg/day Glimepiride      
4 mg/day to       

8 mg/day  

NR 

Vinik and 
Zhang, 
200742 
 
Companion31 

 Rosiglitazone (4 mg/day       
8 mg/day) + Met + SU 

 Insulin glargine (h.s., 
starting dose 10 IU, titrated 
to 5.5 mmol/L to   6.7 
mmol/L if no severe 
hypoglycemia) + Met + SU 

219 55.6 51.9 8.3  2,000 mg/day 
or max. 

tolerated 
dose 

≥ 50% of the 
max. labelled 

dose 

≥ 3 

Yki-Jarvinen 
et al., 200644 

 Insulin glargine + Met 
 NPH Insulin + Met 

110 56.4 63.6 9 9.5 2.28 ± 0.06 
2.19 ± 0.05 

NR 0.75 

A1C = glycosylated hemoglobin; a.c. = before meals; Avg = average; BG = blood glucose; BiAsp30 = biphasic insulin aspart (30/70); b.i.d.= twice daily; DM = diabetes mellitus;             
FG = fasting glucose; h.s.= at bedtime; max = maximum; Met = metformin; NPH = neutral protamine Hagedorn; NR = not reported; q.d.= once daily; SD = standard deviation;             
SU = sulfonylurea; t.i.d. = three times daily.
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3.2 Trial Characteristics 
The review included 33 unique RCTs (reported in 37 full-text articles) evaluating the effects of third-line 
agents in patients with type 2 diabetes inadequately controlled with metformin and a sulfonylurea10-45,103  
(see Table 4 and Appendix 12). 

 
3.2.1 Treatments evaluated  

Evidence was available for the following eight drug classes: alpha-glucosidase inhibitors (four 
RCTs),19,21,28,37 meglitinides (one RCT),28  TZDs (nine RCTs),10,17,20,22,27,29,30,38,46 DPP-4 inhibitors (one 
RCT),41 GLP-1 analogues (six RCTs),14,15,25,34,35,40, basal insulin (18 RCTs10-12,17,21,23,24,26,29,30,35,36,38-

40,43,45,46), bolus insulin (one RCT),43 and biphasic insulin (12 RCTs).11,12,14,16,23-25,27,36,39,43,45  (Sub-group 
data were extracted from two trials34,41 that enrolled a mixture of patients requiring second- and third-line 
therapy.)  A total of 17 distinct treatment strategies employing various combinations of third-line therapy 
with metformin and sulfonylurea were tested in the included studies. No studies compared third-line 
agents after discontinuation of metformin or sulfonylurea due to intolerance or contraindications.  
   

3.2.2 Study design features  

The vast majority of RCTs used a parallel design (n = 30)10-20,22-25,27,29-44 and only three employed     a 
crossover design.21,26,28  RCTs conducted in a single country10,12,14-17,19-22,24,26-33,36,38,42 were more common 
than multinational trials.11,13,18,23,25,34,35,37,39-41,43,44  Randomized sample size ranged from 1727 to 734.15 
Open-label trials (24/33) were more common than double-blind trials (9/33).  24 RCTs10-12,14,16,17,23-33,36,38-

40,43-45 compared two active treatments, seven RCTs15,19,20,22,34,37,41 were placebo-controlled, and two 
RCTs21,35 involved comparisons of active comparators as well as placebo. 

  

3.2.3 Follow-up duration  

The 33 included RCTs ranged from three to 12 months in duration, with six months being the most 
common length.   

   
3.2.4 Funding 

The majority of studies (81%) were sponsored by the pharmaceutical industry.   
 

Table 4: Summary of Trial Characteristics 
Trial  Characteristics Categories Number (%) of Included Studies 

Full texts 3610-45 Publication status 
Unique RCTs 3310,12-17,19-41,43-45 
Multinational 1211,23,25,34,35,37,39-41,43-45 Country 
Single country 2110,12,14-17,19-22,24,26-33,36,38 
Parallel RCTs 3010-12,14-17,19,20,22-25,27,29-41,43-45 Study design 
Crossover RCTs 321,26,28 
Industry 2710,11,14,16,19-27,29-31,33-35,37-41,43-45 
Public funding 317,28,32 

Sponsors 

Not reported 312,15,36 
Head to head 2410-12,14,16,17,23-33,36,38-40,43-45 
Placebo control 715,19,20,22,34,37,41   

Intervention comparison 

Both 221,35 
Publication year Range: 199819 to 200914,20,23,26,28,30,33-35,38,45 
Randomized sample size Range: 1727 to 73415 
Trial duration of study treatment (months) Range 321,26  to 1225,36,43  

RCTs = randomized controlled trials. 
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3.3 Populations  
The 33 unique RCTs included in this review randomized a total of 8,148 adult patients; there were no 
studies involving children (< 18 years of age). Trial-level inclusion and exclusion criteria can be found in 
Appendix 13. The mean duration of diabetes at baseline ranged from 3.5 years28 to 12.7 years.17 The 
mean baseline A1C of trial subjects ranged from 8.1%20,22,28 to 11.3%.12,21 Regarding gender, the 
percentage of males ranged from 27.6%21 to 75.4%.20 The mean age of participants at baseline ranged 
from 51.2 years27 to 69.4 years13 (Table 5). 

 
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%28,39 or as high as 12%.29 There was a lack of 
consistent reporting regarding the duration and dosage of stable metformin and sulfonylurea therapy prior 
to the study. Nearly half of all studies failed to report mean doses at enrollment or baseline. Only three 
RCTs12,38,43 specifically stated that patients had to be receiving maximally tolerated doses of both 
sulfonylureas and metformin. RCTs typically specified a threshold in the inclusion criteria regarding the 
minimum duration of stable combination therapy. A minimum of three months was the most common 
criteria, and only six RCTs specified a lower threshold.22,23,35,41,44,104 
 
There was insufficient evidence to conduct the subgroup analyses specified in the project protocol (e.g., 
First Nations people, other ethnic minorities). One included RCT13  comparing insulin glargine with 
biphasic insulin reported the results of a subgroup analysis of patients ≥ 65 years old. 

 

Table 5: Summary of Patient Characteristics 
Patient Characteristics Range Across All Included Studies 
Mean age (years) 51.227 to 69.413 
Gender (% male) 27.621 to 75.420 
Mean duration of diabetes (years) 3.528 to 12.728    
Mean A1C at baseline (%) 8.120,22,28 to 11.312,21 

A1C = hemoglobin A1C. 

 

3.4 Interventions 
Table 6 summarizes the treatment comparisons reported in the 33 included studies.  Eight 
RCTs15,19,20,22,34,35,37,41 included a treatment arm where a placebo was added to ongoing metformin and 
sulfonylurea treatment. The remaining studies all compared active treatments. Titrated dosing of 
interventions (61/73) was more common than fixed dosing (12/73) among the active treatment arms.  
 
The 17 treatment strategies tested in the included RCTs were stratified into the following three categories:  
 addition of a third-line agent while continuing metformin and sulfonylurea 
  initiation of a third-line agent upon discontinuation of metformin or sulfonylurea (but not both) 
 initiation of treatment with a third-line agent upon discontinuation of both metformin and sulfonylurea 

(e.g., insulin monotherapy).  
 

The first scenario was the most common, with 26 RCTs reporting comparisons of interventions added 
onto existing metformin and sulfonylurea therapy.10,12,14,15,17,19-22,25-32,34-38,40,41,43,45  In three RCTs, patients 
discontinued sulfonylurea treatment and added one of several insulin regimens to ongoing metformin 
therapy.16,24,44 One of these RCTs16 had a unique design whereby all patients received basal insulin and 
were randomized to receive pioglitazone or placebo. One RCT (reported in two articles11,13) compared 
patients randomized to receive a basal insulin while continuing to receive metformin and sulfonylurea 
against patients who received a biphasic insulin regimen and discontinued both oral antidiabetes drugs. 
Three RCTs23,33,39 compared patients switching to monotherapy with biphasic insulin, or basal insulin 
against patients commencing treatment with a basal insulin while continuing to receive sulfonylureas.  
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CADTH recently conducted a systematic review and meta-analysis comparing insulin analogues with 
conventional insulins. That review included 68 RCTs in the analysis of rapid-acting insulin analogues105 
and 49 RCTs for long-acting insulin analogues.106 The conclusions of this review were that rapid- and 
long-acting insulin analogues were not substantially different from conventional insulins in terms of 
glycemic control or reduced hypoglycemia. For these reasons, and due to the sparsity of data, 
conventional insulins were pooled with insulin analogues according to their time-action profiles (i.e., basal 
insulins, biphasic insulins, or bolus insulins). 
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Table 6: Summary of Available RCT Comparisons 
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Basal + 
Met     + 
SU 

Russell-
Jones et 
al.,35 
Lopez-
Alvarenga et 
al.21 

De Mattia et 
al.,26 
Esposito et 
al.32 

Strojek et 
al.,45     
Holman et 
al.43 

* 
Lopez-
Alvarenga 
et al.21 

Boye et al.,18  
Heine et al.,40 
Russell-
Jones et al.35 

Holman 
et al.43 

     

Janka et 
al.,11,13  
Al-
Shaikh,12 
Goudswaa
rd et al.36 

 

Biphasic   
+ Met + 
SU 

 
Strojek et al.,45    
Holman et al.43 

 
Ovalle 
and 
Bell27 

 
Bergenstal et 
al.,14      
Nauck et al.25 

Holman 
et al.43 

       

TZD + 
Met       + 
SU 

Dailey et 
al.,22 
Charpentier 
and Halimi20 

* 
Ovalle and 
Bell27 

           

DPP-4 + 
Met    + 
SU 

Hermansen 
et al.41 

             

AGI + 
Met       + 
SU 

Lam et al.,19  
Standl et 
al.,37  
Lopez-
Alvarenga et 
al.21 

Lopez-
Alvarenga et 
al.21 

     
Derosa 
et al.28 

      

GLP-1 + 
Met   + 
SU 

Gao et al.,34 
Kendall et 
al.,15 
Russell-
Jones et 
al.35 

Boye et al.,18  
Heine et al.,40 
Russell-Jones 
et al.35 

Bergenstal et 
al.,14       
Nauck et al.25 

           

Basal 
insulin + 
Met 

        
Yki-
Jarvine
n et al.44 

Davies 
et al.24 

    

Biphasic 
insulin + 
Met  

  
Bergenstal et 
al.14 

  
Bergenstal et 
al.14 

  
Davies 
et al.24 

Davies 
et al.24 

    

Basal 
insulin + 
SU 

           
Stehouwer 
et al.39 

Stehouwer 
et al.,39 
Milicevic et 
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Table 6: Summary of Available RCT Comparisons 
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al.23 

Insulin + 
TZD + 
Met 

 
 
 

        
Berhanu 
et al.16 

   

Basal 
insulin 

            
Stehouwer 
et al.39 

 

Biphasic 
Insulin 

 

Janka et 
al.,11,13  
Al-Shaikh,12 
Goudswaard 
et al.36 

            

Basal + 
Bolus 
insulin 

             
Ross et 
al.33 

AGI = alpha glucosidase inhibitor; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Met = metformin; SU = sulfonylurea; TZD = thiazolidinediones. 
*Six RCTs reported this comparison: Rosenstock et al.,31,42 Reynolds et al.,29 Dorkhan et al.,30 Aljabri et al.,10 Ko et al.,17 Hartemann-Heurtier et al.

38 
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3.5 Outcomes 
The relative safety and efficacy of third-line antidiabetes drugs was assessed for the following outcomes: 
A1C; hypoglycemia (overall, severe, and nocturnal); body weight and body mass index (BMI); patient 
satisfaction; long-term, diabetes-related complications (e.g., myocardial infarction); mortality; quality of 
life; withdrawals due to adverse events (WDAE); and serious adverse events (SAE). Direct pairwise and 
MTC meta-analyses were conducted for hemoglobin A1C and body weight. Pairwise comparisons were 
performed for overall hypoglycemia, and study-level comparisons are presented for the remaining 
outcomes. There was no RCT evidence available for any of the following outcomes of interest: quality of 
life, retinopathy, nephropathy, hyperosmolar hyperglycemic nonketotic coma, and upper extremity 
fractures.   
 
Due to the limited RCT data on adverse events, a supplemental review of safety was conducted based on 
systematic reviews, large RCTs, observational studies, and post-marketing information (see Appendix 
14). Because renal impairment is commonly found among patients with diabetes, information concerning 
recommended dose adjustments in such cases is presented in Appendix 15. 
 
An overview of the RCT evidence available for outcomes of interest is presented in  
Table 7.  

 

Table 7: Overview of Evidence and Analyses Performed 
Outcome No. of 

Treatment 
Strategies (N) 

No. of Studies Type of 
Analysis 
Conducted 

Hemoglobin A1C 15 (N = 7,238) 30 RCTs10-12,14-17,19-31,33,35-41,43,45   MTC & 
Pairwise 

Body weight 15 (N= 6,717) 23 RCTs10-12,14-16,19-25,28,31,35,36,38-

41,43,45 
MTC & 

Pairwise 
Overall hypoglycemia 13 (N = 7,238) 26 RCTs10,11,14-17,20-26,29,31,33-41,43,45 Pairwise 
Severe hypoglycemia 16 (N = 6,368) 22 RCTs10,14-16,19,22-26,29,31,34-41,43,45 Pairwise 
Nocturnal hypoglycemia 8 (N = 2,421) 7 RCTs11,25,31,33,37,40,45 Pairwise 
Body mass index 6 (N = 245) 3 RCTs17,28,30 Pairwise 
Withdrawals due to adverse events 16 (N = 5,635) 23 RCTs10-12,14,16,17,19,20,22-

24,28,29,31,32,34,35,37,38,40,41,43,44 
Pairwise 

Severe adverse events 13 (N = 4,160)  12 RCTs10,15,16,20,22,24,25,31,35,37,41,43 Pairwise 
Congestive heart failure 3 (N = 329) 2 RCTs20,30 Pairwise 
Ischemic heart disease 2 (N = 222) 1 RCT16 Pairwise 
Mortality 11 (N = 2,401) 6 RCTs14,16,22,25,41,43 Pairwise 
Stroke/TIA 2 (N = 299) 1 RCT20 Pairwise 
PaNcreatitis 3 (N = 576) 1 RCT35 Pairwise 
Patient satisfaction    5  (N = 1,166) 4 RCTs10,18,36,45 Pairwise 
Macular edema ——— ——— ——— 
Neuropathy ——— ——— ——— 
Retinopathy ——— ——— ——— 
Peripheral vascular disease ——— ——— ——— 
Upper extremity fractures ——— ——— ——— 
HHNC ——— ——— ——— 
Quality of life ——— ——— ——— 

DTSQ = Diabetes Treatment Satisfaction Questionnaire; HHNC = hyperosmolar hyperglycemic nonketotic coma; MTC = mixed 
treatment comparisons meta-analysis; N = total sample size; No. = number; RCT = randomized controlled trial; TIA = transient 
ischemic attack. 
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3.6 Patient Disposition  

3.6.1 Early Withdrawals 

Study-level detail regarding the proportion of patients who withdrew from each trial is presented in Table 
8. Withdrawals were identified as a potential source of bias in nine RCTs due to either the overall 
proportion, distribution, or reasons for withdrawal (see Table 8).11,14,15,21-23,36-38 However, the effect of 
these withdrawals on the overall results is uncertain. In the remaining 24 trials, withdrawals were not 
considered a potential source of bias because rates were low — i.e., <20% — and the proportions and 
reasons were similar between treatment groups.   

 
WDAE were reported in 23 RCTs (see section 4.7 and Appendix 16). The proportion of patients 
withdrawing due to adverse events was generally low and ranged from 0%10,12,24,32 to 9.8%.34 The highest 
proportion of WDAE was consistently observed in patients treated with exenatide, with nausea and 
vomiting cited as the primary reasons. 
 
In several placebo-controlled trials, patients were withdrawn due to hyperglycemia. One double-blind, 
placebo-controlled study withdrew patients from the study if they failed to achieve adequate glycemic 
control at maximum doses of study medications (rosiglitazone: 16/181 [8.8%]; placebo: 46/184 [25%]). A 
similar study20 reported that eight patients withdrew due to inadequate glycemic control in the placebo 
arm (8/154) versus none in the pioglitazone arm (0/145).   

 
Table 8: Trials Where Early Withdrawals Were Considered a Potential Source of Bias 

Author, Year Interventions/Comparators Patients 
Withdrawn 

(%) 

Primary Reason for 
Difference/Bias 

30% 
16% 

Bergenstal et al., 200914  Exenatide + Met + SU  
 BIAsp30 (q.d.) + Met + SU 
 BIAsp30 (b.i.d.) + Met + SU 19% 

WDAE ― Nausea in 
exenatide group 

20% Dailey et al., 200422  Rosiglitazone (4 mg to 8 mg) + Met + SU  
 Placebo + Met + SU 38% 

Inadequate glycemic control 
in placebo group 

24% Goudswaard et al., 200436  NPH insulin (q.d.) + Met + SU 
 Biphasic insulin (70/30) (b.i.d.)  6.5% 

Inadequate glycemic control 
in add-on group 

28% Hartemann-Heurtier et al., 
200938 

 Pioglitazone + Met + SU 
 NPH insulin + Met + SU 7% 

Weight gain in the 
pioglitazone arm 

4% Janka et al., 200511  Insulin glargine + Met + SU   
 30/70 NPH + placebo 15% 

Patients “unwilling to 
continue” and lack of 
efficacy in monotherapy arm 

16% 
22% 

Kendall et al., 200515  Exenatide (5 μg b.i.d.) + Met + SU 
 Exenatide (10 μg b.i.d.) + Met + SU 
 Placebo + Met + SU 26% 

Withdrawal of consent in the 
placebo; adverse event in 
the exenatide (10 μg b.i.d.) 
arm 

23% Lopez-Alvarenga et al., 199921†  Acarbose/placebo + Met + SU  
 Insulin NPH + Met + SU 20% 

Primary concern is the 
pooling of withdrawals for 
the crossover periods  

18% Milicevic et al., 200923  Insulin NPH (h.s.) + SU 
 Insulin lispro 50%/Insulin lispro 25% 6% 

Higher number of adverse 
events in NPH + SU arm 

NR Standl et al., 200137  Miglitol + Met + SU 
 Placebo + Met + SU NR 

11% total withdrawals but 
not reported by treatment 
arm 

NR 
NR 

Stehouwer et al., 200339  NPH insulin + SU 
 NPH insulin + 30/70 insulin NPH 
 NPH insulin NR 

Proportion of withdrawals 
was not reported 

b.i.d.= twice daily; BiAsp 30 = biphasic insulin aspart (30/70); h.s.= at bedtime; Met = metformin; NPH = neutral protamine 
Hagedorn; q.d.= once daily; SU = sulfonylurea; WDAE = withdrawals due to adverse events. 
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3.6.2 Handling of Missing Data 

The majority of RCTs10-13,17,24,26,28,29,33,37,38,40 failed to report methods for handling missing data. Among 
the RCTs14-16,18,22,23,35,36,41 that provided methods, last observation carried forward techniques were the 
most commonly reported. One RCT43 used a Bayesian Markov chain Monte Carlo multiple imputation 
technique to impute missing values.   

 
3.7 Limitations of included studies 

3.7.1 Methodological limitations 

The primary methodological limitations of the included RCTs were failure to report adequate methods for 
allocation concealment and the use of analyses other than intention-to-treat (e.g., per-protocol analysis). 
See Appendices 17 and 18 for assessments of potential bias and internal validity of included studies. 

 
Publication bias could not be formally assessed in this review due to a limited number of RCTs for each 
pairwise comparison.   

 
The primary outcome in nearly all included RCTs was hemoglobin A1C. There was generally a lack of 
evidence for more clinically meaningful outcomes. In particular, studies were inadequately powered to 
detect differences between treatments in long-term complications because event rates were too low.   
 
3.7.2 External validity 

A number of limitations regarding the external validity of the included studies were also identified (see 
Appendix 19 for details): 
 The population of interest in this review consisted of patients who were inadequately controlled with 

second-line combination therapy with metformin and sulfonylureas, and required a third-line agent. 
However, trials rarely reported the complete treatment history of their respective sample 
populations; therefore, it is possible that patients had been exposed to antidiabetes 
pharmacotherapy other than metformin and sulfonylureas (i.e., not a true third-line population) or 
had not been receiving maximally tolerated doses of metformin and sulfonylureas. Hence, it is 
possible that the applicability of evidence to the true population of interest may be somewhat 
limited. 

 The duration of trials was relatively short (e.g., less than one year) and may not be indicative of 
long-term relative efficacy. In addition, statistical power was limited in many trials due to small 
sample sizes (e.g., nine RCTs10,19,24,24,26,27,29,36,38 had fewer than 100 patients).  

 The findings from RCTs conducted in Asia12,17,19,34 and Mexico21 may be less generalizable to the 
Canadian context.  

 The included RCTs often failed to report definitions for outcomes such as hypoglycemia and 
adverse events (e.g., fifteen trials failed to provide definitions for hypoglycemia).12,17,19-21,23,26-28,30,37-

41   
 Blood glucose targets were often different from those suggested in the Canadian Diabetes 

Association Clinical Practice Guidelines, with 14 RCTs10,11,14,20,23,24,26,30-32,35,38,43,44 having a lower 
target and four RCTs12,16,17,21 having a higher target.   

 The treatment protocol for seven RCTs19,23,31,35,39,43,44 involved contact with health care 
professionals that would likely exceed that encountered in routine clinical practice (e.g., clinical 
visits every four weeks23 or interim telephone contact with patients35,43,44), and one RCT employed 
forced titration of trial medications independent of glycemic control, which is not reflective of clinical 
practice.28 
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3.7.3 Clincial and methodological heterogeneity 

Heterogeneity was observed across the studies included in this review. Methods for assessing the 
possible impact of heterogeneity on pooled results are discussed in section 2.2. The main sources of 
heterogeneity across trials are described below:  

 
 There was heterogeneity in the study populations regarding baseline A1C and duration of diabetes. 

Larger reductions in A1C are likely to be observed in patients with higher baseline A1C. 
Furthermore, due to the progressive nature of type 2 diabetes, patients with a lower duration of 
diabetes may experience a greater response to a particular treatment in comparison with those who 
have had the condition for a longer period.   

 There was significant variability in the reporting of metformin and sulfonylurea dosing at baseline, 
with most RCTs failing to report this information. The inclusion criteria of 12 
RCTs11,14,16,17,20,26,29,31,35,39,41,45 only required patients to be uncontrolled on half the maximum dosing 
of sulfonylureas to be eligible for enrollment in the study (see Table 9).  

 

Table 9: Sulfonylurea Dosing at Baseline 

Number of Articles Details of Sulfonylurea Dosing at Baseline 
612,19,21,37,38,43 Maximal dosing of sulfonylureas 
1211,14,16,17,20,26,29,31,35,39,41,45 At least half maximal dosing of sulfonylureas 
1210,15,21-25,27,28,30,32-34,36,38,40,44 Dosing information for sulfonylureas not reported 

 
 There was heterogeneity regarding the glycemic targets specified in the included RCTs (see 

Appendix 12). A majority of the included RCTs used fasting blood glucose (FBG) or FPG as 
glycemic targets. Targets based on FBG ranged from 4.0 mmol/L to 7.0 mmol/L and FPG targets 
from < 5.5 mmol/L to < 7.0 mmol/L. Five RCTs17,20,22,30,39 specified a target A1C ranging from < 
6.2%30 to <7.5%.17 Three RCTs also specified a target for two-hour post-prandial glucose ranging 
from < 8.0 mmoL23 to <10.0 mmoL.25 An attempt was made to perform a meta-regression by 
normalizing FPG targets to those stated in the 2008 Canadian Diabetes Association guidleines; 
however, the trials reporting the use of FPG targets did not form a closed network. Qualitiative 
analysis across trials within individual pairwise comparisons did not reveal consistent patterns 
regardingthe magnitude of effect sizes and treatment targets.   

 Study design varied regarding the inclusion and characteristics of run-in periods (see Appendix 20). 
Twenty of the included RCTs included some form of run-in period10,11,15-17,20-

23,26,28,31,32,34,35,37,39,41,42,44,45 and 13 RCTs did not specify a run-in.12,14,18,19,25,27,29,30,33,36,38,40,43  Of 
those that included a run-in period, four RCTs provided no information other than the 
duration.10,20,28,37  Run-in durations ranged from one week16,26 to 12 weeks,17,22,39 with four weeks 
being the most common length.15,24,28,32,37,44,45   

 The trial protocol for 20 RCTs specified that patients perform self-monitoring of blood 
glucose.10,11,14,15,23-26,29,31-36,39,40,43-45 The details concerning the application of self-monitoring were 
typically limited, with many trials failing to provide either the timing or frequency of 
testing.15,23,26,32,36,39,44 Six RCTs specified that patients used the results of self-monitoring to titrate 
insulin dosing.11,14,25,35,40,43 One RCT40 specified that patients in the insulin arm were to use results 
of self-monitoring of blood glucose to self-titrate dosing; whereas, those in the exenatide arm were 
not required to perform self-monitoring of blood glucose. The remaining 13 RCTs did not specify 
whether or not patients performed self-monitoring.12,16,17,19-22,27,28,30,37,38,41 Overall, differences in the 
application and reporting of self-monitoring of blood glucose are unlikely to influence the results of 
the pooled analyses for patients with type 2 diabetes using oral antihyperglycemic agents.107 
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 There was some variability regarding the inclusion of dietary and lifestyle advice in the protocols of 
the included clinical trials. Ten RCTs specified some form of dietary education in the 
protocol.17,19,21,23,26,28,29,32,36,39 Nine of these offered simple nutritional education and/or 
reinforcement of dietary advice from common diabetes guidelines (e.g., American Diabetes 
Association) and one specified a controlled-energy diet (~ 600 kcal daily deficit).28 In all ten trials, 
each treatment arm received the same educational advice. No lifestyle interventions were specified 
for the remaining 23 RCTs.10-12,14-16,20,22,24,25,27,30,31,33-35,37,38,40,41,43-45 Two of these trials specifically 
requested that patients not modify their dietary habits for the purpose of weight loss.14,22 Since most 
patients with type 2 diabetes are provided with lifestyle and dietary advice in clinical practice, it is 
unlikely that heterogeneity across trials in this area was a significant source of bias in treatment 
differences between third-line strategies.   
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4 SUMMARY OF OUTCOMES  

Individual study results for A1C, body weight, overall hypoglycemia, and patient withdrawals are summarized in Table 10. Results of the meta-
analyses, as well as detailed results for each outcome, are presented below in sections 4.1 to 4.10.  
 

Table 10: Summary of Key Trial Outcomes (A1C, Body Weight, and Overall Hypoglycemia) and Withdrawal Rates by Study 
Study 
Reference 

Study Details Treatment 1 Treatment 2 A1C (%) 
MD (95% CI) 

Weight (kg) 
MD (95% CI) 

Overall 
Hypoglycemia 

Withdrawal
s (n) 

Aljabri et al., 
200410 

Parallel, 4 months 
duration, 62 
randomized 
patients, Canada 

Pioglitazone          
(30 mg/day to        
45 mg/day) + Met      
+ SU 

NPH insulin (titrated to 
FG < 6.0 mmol/L) + 
Met + SU 

0.40 
(-0.40, 1.20) 

0.10 
(-1.19,1.39) 

TZD + Met + SU: 
11/30 
 
NPH + Met + SU: 
19/29 

Total: 4 
 
WDAE: 0 

Al-Shaikh, 
200612 

Parallel, 6 months 
duration, 221 
randomized 
patients, Saudi 
Arabia 

Insulin glargine (h.s., 
started at 14 IU/d, 
titrated by 8 IU/d if 
FBG > 11 mmol/L 
and 4 IU/d if FBG 
>7.8 mmol/L but       
< 11 mmol/L) + Met + 
SU 

Biphasic 30/70 human 
insulin, 2/3 dose in 
morning and 1/3 dose 
in evening (started at 1 
IU/kg/day, morning 
dose titrated up            
4 IU/week if FBG          
> 11mmol/L, evening 
dose if FBG                 
> 7.8mmol/L) 

-1.30  
(-1.79, -0.81) 

-3.90  
(-6.61, -1.20) 

NR Total: 0  
 
WDAE: 0 

BIAsp30 (q.d., 12 IU 
q.d., titrated to BG 
5.0-6.1 mmol/L) + 
Met + SU 

Exenatide (10 g b.i.d.) 
+ Met + SU 

0.59  
(0.16, 1.02) 

4.70  
(5.62, 3.78) 

BIAsp30 (b.i.d., 6 IU 
b.i.d., titrated to BG 
5.0-6.1 mmol/L) + 
Met 

Exenatide (10 g b.i.d.) 
+ Met + SU 

1.01  
(0.52, 1.50) 

6.00  
(7.16, 4.84) 

Bergenstal et 
al., 200914 
 

Parallel, 6 months 
duration, 372 
randomized 
patients, USA 

BIAsp30 (q.d., 12 IU 
q.d., titrated to BG 
5.0-6.1 mmol/L) + 
Met + SU 

BIAsp30 (b.i.d., 6 IU 
b.i.d., titrated to BG     
5.0 mmol/L to           
6.1 mmol/L) + Met 

-0.42  
(-0.87, 0.03) 

-1.30  
(-0.16, -2.44) 

Biphasic q.d. + Met 
+ SU: 69/124 
 
Biphasic b.i.d. + 
Met: 76/124 
 
GLP-1+ Met + SU: 
36/124 

Total: 81 
 
WDAE: 11 
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Table 10: Summary of Key Trial Outcomes (A1C, Body Weight, and Overall Hypoglycemia) and Withdrawal Rates by Study 
Study 
Reference 

Study Details Treatment 1 Treatment 2 A1C (%) 
MD (95% CI) 

Weight (kg) 
MD (95% CI) 

Overall 
Hypoglycemia 

Withdrawal
s (n) 

Berhanu et al., 
200716 

Parallel, 20 weeks 
duration, 222 
randomized 
patients, USA 

Insulin (Humulin N, 
Humalog, or 
Humulin 30/70 
titrated to FPG          
< 7.8 mmol/L) + 
Pioglitazone          
(45 mg/day) + Met  

Insulin (Humulin N, 
Humalog, or Humulin 
30/70 titrated to FPG   
< 7.8 mmol/L)              
+ Placebo + Met 

-0.20  
(-0.22, -0.18) 

1.97 
(1.15, 2.79) 

Ins + Met: 35/112 
 
Ins + TZD + Met: 
51/110 

Total: 24 
 
WDAE: 5  

Charpentier 
and Halimi et 
al., 200920 

Parallel, 7 months 
duration,  299 
randomized 
patients, France 

Pioglitazone (30 
mg/day to              
45 mg/day) + Met     
+ SU 

Placebo + Met + SU -1.18 
(-1.40, -0.96) 

4.10 
(3.28, 4.92) 

TZD + Met + SU: 
35/145 
 
Met + SU: 11/154 

Total: 32 
 
WDAE: 5 

Dailey  et al., 
200422 

Parallel, 4 months 
duration, 365 
randomized pts, 
USA 

Rosiglitazone (4 mg 
to 8 mg) + Met + SU  

Placebo + Met + SU -1.00 
(-1.22, -0.78) 

2.97 
(2.15, 3.79) 

TZD + Met + SU: 
40/181 
 
Met + SU: 6/184 

 
Total: 104 
 
WDAE: 15 

Biphasic 30/70 
human insulin (b.i.d., 
average dose 0.63   
± 0.32 IU/kg) + Met 

NPH Insulin (h.s., 
average dose 0.58      
± 0.21 IU/kg) + Met 

-0.30 
(-1.42, 0.82) 

2.20 
(-0.05, 4.45) 

NPH insulin (h.s., 
average dose 0.37   
± 0.22 IU/kg) + 
Repaglinide (a.c., 
1.5 mg to 12 mg)      
+ Met 

NPH Insulin (h.s., 
average dose 0.58       
± 0.21 IU/kg) + Met 

-1.10 
(-2.39, 0.19) 

1.50 
(-0.03,  3.03) 

Davies et al., 
200724 
 

Parallel, 4 months 
duration, 82 
randomized pts, 
UK 

Biphasic 30/70 
human insulin (b.i.d., 
average dose 0.63   
± 0.32 IU/kg) + Met 

NPH insulin (h.s., 0.37 
± 0.22 IU/kg)                  
+ repaglinide (a.c.,   
1.5 mg to 12 mg) + 
Met 

0.80 
(-0.26, 1.86) 

0.70 
(-0.01, 1.41) 

Biphasic + Met: 
8/27 
 
Basal + Meg + Met: 
4/26 
 
Basal + Met: 7/29 

Total:  7 
 
WDAE: 0 

De Mattia et al., 
200926 

Crossover,            
3 months 
duration, 20 
randomized 
patients, Italy 

Insulin glargine 
(starting 10 IU/day, 
algorithmic titration 
to FBG < 5.5 
mmol/L) + Met + SU 

NPH Insulin (starting 
10 IU/day, algorithmic 
titration to FBG       < 
5.5 mmol/L) + Met + 
SU 

-0.10 
(-1.10, 0.90) 

NR IGlar + Met + SU: 
13/20 
 
NPH + Met + SU: 
15/20 

Total: 1 
 
WDAE: 0 
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Table 10: Summary of Key Trial Outcomes (A1C, Body Weight, and Overall Hypoglycemia) and Withdrawal Rates by Study 
Study 
Reference 

Study Details Treatment 1 Treatment 2 A1C (%) 
MD (95% CI) 

Weight (kg) 
MD (95% CI) 

Overall 
Hypoglycemia 

Withdrawal
s (n) 

Derosa et al., 
200928 

Crossover,         
3.5 months 
duration, 103 
randomized 
patients, Italy 

Acarbose (100 mg 
t.i.d.) + Met + SU 

Rapaglinide (6 
mg/day) + Met + SU 

-0.30 
(-2.04, 1.44) 

-3.10 
(-5.25, -0.95) 

NR  Total: 7 
 
WDAE: 1 

Dorkhan et al., 
200930 

Parallel, 6.5 
months duration, 
30 randomized 
patients, Sweden 

Pioglitazone (up to 
45 mg/day) + Met + 
SU 

Insulin glargine 
(titrated to FPG           
< 6 mmol/L) + Met        
+ SU 

0.90 
(0.66, 1.14) 

NR NR Total: 0 
 
WDAE: 0 

Gao et al., 
200934 

Subgroup data 
used, parallel, 4 
months duration, 
472 randomized, 
China, India, 
Korea, Taiwan 

Exenatide (10 μg 
b.i.d.) + Met + SU 

Placebo (b.i.d.) + Met 
+ SU 

NR for Met + SU 
subgroup 

NR for Met      
+ SU subgroup 

Exenatide: 4.7 (3.5, 
6.5) evt/pt/year 
 
Placebo: 0.54 (0.34, 
0.86) evt/pt/year 

Total: 65 
 
WDAE: 26 

Goudswaard et 
al., 200436 

Parallel, 12 
months duration, 
69 randomized 
pts, Netherlands 

NPH insulin (h.s., 
starting dose 8 IU, 
titrated to FBG 4.0 
mmol/L to               
7.0 mmol/L and 
postprandial BG 4.0 
mmol/L to 10.0 
mmol/L) + Met + SU 

Biphasic insulin 
(70/30) (b.i.d., starting 
dose 12 IU before 
breakfast and 6 IU 
before dinner, titrated 
to FBG 4.0 mmol/L to 
7.0 mmol/L and 
postprandial BG 4.0 
mmol/L to10.0 mmol/L)
  

0.40 
(-0.21, 1.01) 

-3.00 
(-5.29, -0.71) 

NR Total: 10 
 
WDAE: NR 

Hartemann-
Heurtier et al., 
200938 

Parallel, 6 months 
duration, 28 
randomized pts, 
France 

Pioglitazone          
(30 mg/day) + Met + 
SU 

NPH insulin              
(0.2 IU/kg/d, q.d.)          
+ Met + SU 

0.40  
(-0.05, 0.85) 

1.30  
(-0.76, 3.36) 

TZD + Met + SU: 
6/14 
 
Basal + Met + SU: 
10/13 

Total: 1 
 
WDAE: 1 

Heine et al., 
200540 

Parallel, 26 
weeks, 551 
randomized pts, 
multinational 

Exenatide (10 μg 
b.i.d.) + Met + SU 

Insulin glargine 
(starting dose 10 IU/d, 
titrated in 2 IU 
increments every          
3 days to FBG        < 
5.6 mmol/L) + Met + 
SU 

0.02 
(-0.12, 0.16) 

-4.10 
(-4.65, -3.55) 

Exenatide: 7.3 
events/pt/year 
 
Insulin glargine: 6.5 
events/pt/year  

Total: 77 
 
WDAE: 29 
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Table 10: Summary of Key Trial Outcomes (A1C, Body Weight, and Overall Hypoglycemia) and Withdrawal Rates by Study 
Study 
Reference 

Study Details Treatment 1 Treatment 2 A1C (%) 
MD (95% CI) 

Weight (kg) 
MD (95% CI) 

Overall 
Hypoglycemia 

Withdrawal
s (n) 

Hermansen et 
al., 200741 

Parallel, 6 months 
duration, 441 
randomized pts, 
USA and 
Denmark 

Sitagliptin               
(100 mg/day) + Met 
+ SU 
 

Placebo + Met + SU -0.89  
(-1.11, -0.67) 

1.10  
(0.28, 1.92) 

Met + SU: 1/113 
 
DPP-4 + Met + SU: 
19/116 

Total: 35 
 
WDAE: 4 

Insulin aspart (t.i.d., 
median starting dose 
18 IU/day, titrated to 
FBG 4.0 mmol/L to 
5.5 mmol/L and 2-hr 
postprandial BG     
5.0 mmol/L to         
7.0 mmol/L) + Met + 
SU 

Insulin detemir (h.s. or 
b.i.d., median starting 
dose 16 IU/day, titrated 
to FBG 4.0 mmol/L to  
5.5 mmol/L and 2-hr 
postprandial BG 5.0-7.0 
mmol/L, ) + Met + SU  

-0.60  
(-0.78, -0.42) 

3.80 
(2.00, 4.60) 

Insulin aspart (t.i.d., 
median starting dose 
18IU/day, titrated to 
FBG 4.0 mmol/L to 
5.5 mmol/L and 2-hr 
postprandial BG     
5.0 mmol/L to        
7.0 mmol/L) + Met + 
SU 

Biphasic insulin aspart 
30 (b.i.d., median 
starting dose              
16 IU/day, titrated to 
FBG 4.0 mmol/L to    
5.5 mmol/L and 2-hr 
postprandial BG 5.0 
mmol/L to 7.0 mmol/L) 
+ Met + SU 

-0.10  
(-0.30, 0.10) 

1.00 
(0.22, 1.78) 

Holman et al., 
200743 

Parallel, 12 
months duration, 
708 randomized 
pts, Ireland and 
UK 

Insulin detemir (h.s. 
or b.i.d., median 
starting dose 16 
IU/day, titrated to 
FBG 4.0 mmol/L to 
5.5 mmol/L and 2-hr 
postprandial BG     
5.0 mmol/L to 7.0 
mmol/L) + Met + SU 

Biphasic insulin aspart 
30 (b.i.d., median 
starting dose              
16 IU/day, titrated to 
FBG 4.0 mmol/L to    
5.5 mmol/L and 2-hr 
postprandial BG        
5.0 mmol/L to7.0 
mmol/L) + Met + SU 

-0.50  
(-0.70, -0.30) 

-2.80 
(-3.55, -2.06) 

Bolus + Met + SU: 
229/238 
 
Biphasic + Met        
+ SU: 216/235 
 
Basal + Met + SU: 
173/234 

Total: 40 
 
WDAE: 6 

Janka et al., 
200511 

Parallel, 6 months 
duration, 364 
randomized pts, 
multinational 

Insulin glargine 
(titrated to 5.5 
mmol/L) + Met + SU 

30/70 NPH (titrated to 
5.5 mmol/L) + placebo 

-0.34  
(-0.52, -0.16) 

-0.70  
(-1.48, 0.08) 

Basal + Met + SU: 
109/177 
 
Biphasic: 127/187 

Total: 35 
 
WDAE: 7 
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Table 10: Summary of Key Trial Outcomes (A1C, Body Weight, and Overall Hypoglycemia) and Withdrawal Rates by Study 
Study 
Reference 

Study Details Treatment 1 Treatment 2 A1C (%) 
MD (95% CI) 

Weight (kg) 
MD (95% CI) 

Overall 
Hypoglycemia 

Withdrawal
s (n) 

Exenatide (5 μg 
b.i.d.) + Met + SU 

Placebo + Met + SU -0.78 
(-0.98, -0.58) 

-0.70 
(-1.25, -0.15) 

Kendall et al., 
200515 

Parallel, 7.5 
months duration, 
734 randomized 
pts, USA 

Exenatide (10 μg 
b.i.d.) + Met + SU 

Placebo + Met + SU -1.00 
(-1.22, -0.78) 

-0.70 
(-1.25, -0.15)     

GLP-1(5 μg)              
+ Met + SU: 47/245 
 
GLP-1(10 μg)           
+ Met + SU: 67/241 
 
Met+SU: 31/247 

Total: 141 
 
WDAE:  NR 

Ko et al., 
200617 

Parallel, 52 weeks 
duration, 112 
randomized pts, 
Hong Kong 

Rosiglitazone         
(2 mg/day to             
8 mg/day) + Met + 
SU 

NPH Insulin (h.s., 
started at 6 IU, titrated 
to A1C < 7.5%) + Met 
+ SU 

0.20 
(-0.41, 0.81) 

NR TZD + Met + SU: 
0/56 
 
Basal + Met + SU: 
5/56 

Total : 8 
 
WDAE: 4 

Lam et al., 
199819 

Parallel, 24 
weeks, 90 
randomized pts, 
Hong Kong 

Acarbose (150 
mg/day to            
300 mg/day) + Met + 
SU 

Placebo + Met + SU -0.60  
(-1.15, -0.05) 

-0.96  
(-1.80, -0.12) 

NR Total: 9 
 
WDAE: 3 

Acarbose (100 mg 
t.i.d.) + Met + SU 

Placebo + Met + SU -0.60 
(-3.27, 2.07) 

-0.60 
(-7.77,  6.57) 

Insulin NPH (starting 
dose 8 IU/day, 
titrated in 8 IU 
increments every 4 
weeks to FPG          
< 7.7 mmol/L) + Met 
+ SU 

Placebo + Met + SU -2.10 
(-4.92, 0.72) 

-0.30 
(-9.61, 9.01) 

Lopez-
Alvarenga et 
al., 199921 

Crossover, 3 
months duration, 
37 randomized 
pts, Mexico 

Acarbose (100 mg 
t.i.d.) + Met + SU 

Insulin NPH (starting 
dose 8 IU/day, titrated 
in 8 IU increments 
every 4 weeks to FPG 
< 7.7 mmol/L) + Met + 
SU 

1.50 
(-1.50, 4.50) 

-0.30 
(-9.67, 9.07) 

Met + SU: 0/19 
 
AGI + Met + SU: 
2/20 
 
Basal + Met + SU: 
2/15 

Total:  8 
 
WDAE: 0 

Milicevic et al., 
200923 

Parallel, 6 months 
duration, 135 
randomized pts, 
multinational 

Insulin NPH (HS, 
average ending dose 
21 ± 9.4 IU) + SU 
 

Biphasic Insulin lispro 
50/50 pre-breakfast, 
biphasic insulin lispro 
25/75 pre-dinner 
(titrated, average 
ending dose 44.1 ± 
19.9 IU) 

0.80  
(0.19, 1.41) 

-0.22  
(-1.24, 0.80) 

Insulin NPH: 0.09      
± 0.17 evt/pt/month 
(SD) 
 
Biphasic lispro: 0.37 
± 0.7 evt/pt/month 
(SD) 

Total: 16 
 
WDAE: 6 
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Table 10: Summary of Key Trial Outcomes (A1C, Body Weight, and Overall Hypoglycemia) and Withdrawal Rates by Study 
Study 
Reference 

Study Details Treatment 1 Treatment 2 A1C (%) 
MD (95% CI) 

Weight (kg) 
MD (95% CI) 

Overall 
Hypoglycemia 

Withdrawal
s (n) 

Nauck et al., 
200725 

Parallel, 12 
months duration, 
505 randomized 
pts, multinational 

Exenatide (10 μg 
b.i.d.) + Met + SU 

Biphasic insulin aspart 
30/70 (titrated, 
average ending dose 
24.4            ± 15.6 
IU/day) 

-0.15  
(-0.31, 0.01) 

-5.50  
(-5.89, -5.11) 

Exenatide: 4.7 ± 0.7 
evt/pt/year (SE) 
 
Insulin: 5.6 ± 0.7 
evt/pt/year (SE) 

Total: 79 
 
WDAE: 20 

Ovalle and Bell, 
200427 

Parallel, 6 months 
duration, 17 
randomized pts, 
USA 

Rosiglitazone         
(8 mg/day) + Met + 
SU 

Biphasic insulin 70/30 
(starting dose 0.2 
IU/kg, titrated to  FBG 
< 6.7 mmol/L) 

0.30 
(-1.07, 1.67) 

NR NR Total: 0 
 
WDAE: 0 

Reynolds et al., 
200729 

Parallel, 6 months 
duration, 40 
randomized pts, 
USA 

Rosiglitazone (4 
mg/day to 8 mg/day) 
+ Met + SU 

Insulin glargine (h.s., 
started at 10 IU/d, 
increasing weekly in 2 
IU to 4 IU increments 
to FBG < 6.7 mmol/L if 
no hypoglycemia)         
+ Met + SU 

-0.10  
(-2.04, 1.84) 

NR Rosiglitazone: 3.3    
± 1 evt/pt (SD) 
 
Insulin glargine : 
2.85 ± 0.7 evt/pt 
(SD) 

Total : 5 
 
WDAE: 3 

Rosenstock et 
al., 200631 

Parallel, 6 months 
duration, 219 
randomized pts, 
USA 

Rosiglitazone           
(4 mg/day to             
8 mg/day) + Met + 
SU 

Insulin glargine (h.s., 
starting dose 10 IU, 
titrated to 5.5 mmol/L 
to 6.7 mmol/L if no 
severe hypoglycemia) 
+ Met + SU 

0.15  
(-0.05, 0.35) 

1.30  
(0.18, 2.42) 

TZD + Met + SU: 
47/112 
 
Basal + Met + SU: 
57/104 

Total : 29 
 
WDAE: 11 

Liraglutide             
(1.8 mg/day) + Met 
+ SU 

Placebo + Met + SU -1.09 
(-1.29, -0.89) 

-1.39 
(-2.10, -0.68) 

Insulin glargine 
(titrated, average 
dose 24 IU) + Met     
+ SU 

Placebo + Met + SU -0.85 
(-1.05, -0.65) 

2.02 
(1.02, 3.02) 

Russell-Jones 
et al., 200935 

Parallel, 26 weeks 
duration, 581 
randomized pts, 
multinational 

Insulin glargine 
(titrated, average 
dose 24 IU) + Met + 
SU 

Liraglutide                
(1.8 mg/day) + Met + 
SU 

0.24 
(0.08, 0.40) 

3.40 
(2.48, 4.32) 

Met + SU: 19/114 
 
GLP-1 + Met + SU: 
63/230 
 
Basal + Met + SU: 
67/232 

Total: 54 
 
WDAE:  17 

Standl et al., 
200137 

Parallel, 24 weeks 
duration, 154 
randomized pts, 
multinational 

Miglitol (50 mg to 
100 mg TID) + Met   
+ SU 

Placebo + Met + SU -0.35 
(-0.70, 0.00) 

NR AGI + Met + SU: 
0/65 
 
Met + =SU: 0/68 

Total: 21 
 
WDAE: 6 
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Table 10: Summary of Key Trial Outcomes (A1C, Body Weight, and Overall Hypoglycemia) and Withdrawal Rates by Study 
Study 
Reference 

Study Details Treatment 1 Treatment 2 A1C (%) 
MD (95% CI) 

Weight (kg) 
MD (95% CI) 

Overall 
Hypoglycemia 

Withdrawal
s (n) 

NPH insulin (titrated 
2 IU/wk to 4 IU/wk 
until FPG 4 mmol/L 
to 7 mmol/L or PPG 
4 mmol/L to           
10 mmol/L or A1C     
≤ 6.5) + SU 

NPH insulin (titrated     
2 IU/wk to IU/wk until 
FPG 4 mmol/L to         
7 mmol/L or PPG         
4 mmol/L to10 mmol/L 
or A1C ≤ 6.5) 

-0.60 
(-0.07, -1.13) 

-1.60 
(-7.21, 4.01) 

NPH insulin (titrated 
2 IU/wk to 4 IU/wk 
until FPG 4 mmol/L 
to 7 mmol/L or PPG 
4 mmol/L to            
10 mmol/L or A1C    
≤ 6.5) + SU 

NPH insulin + 30/70 
insulin NPH (titrated    
2 IU/wk to 4 IU/wk until 
FPG 4 mmol/L to         
7 mmol/L or PPG         
4 mmol/L to 10 mmol/L 
or A1C ≤ 6.5) 

-0.60 
(-0.07, -1.13) 

-0.90  
(-6.92, 5.12) 

Stehouwer et 
al., 200339 

Parallel, 9 months 
duration, 261 
randomized pts, 
multinational 

NPH insulin (titrated 
2 IU/wk to 4 IU/wk 
until FPG 4 mmol/L 
to 7 mmol/L or PPG 
4 mmol/L to           
10 mmol/L or A1C      
≤ 6.5) 

NPH insulin + 30/70 
insulin NPH (titrated 2 
IU/wk to 4 IU/wk until 
FPG 4 mmol/L to          
7 mmol/L or PPG 4 
mmol/L to10 mmol/L or 
A1C ≤ 6.5) 

0.00 
(-0.51, 0.51) 

0.70  
(-4.91, 6.31) 

Basal: 63/88 
 
Basal + Biphasic: 
63/87 
 
Basal + SU: 53/86 

Total:  NR 
 
WDAE: NR 

Strojek et al., 
200945 
 
 

Parallel, 6.5 
months duration, 
480 randomized 
pts, multinational 

Insulin glargine 
(titrated, average 
ending dose        
0.29 IU/kg) + Met      
+ SU 

BIAsp30 (titrated, 
average ending dose 
0.32 IU/kg) + Met + SU 

0.16 
(0.02, 0.3) 

-0.07 
(-0.81, 0.67) 

NR Total: 47 
 
WDAE: 9 

A1C = glycosylated hemoglobin; AGI = alpha glucosidase inhibitor; BG = blood glucose; BIAsp = biphasic insulin aspart; DPP-4 = dipeptidyl peptidase; evt = events, FBG = fasting 
blood glucose; FG = fasting glucose; FPG = fasting plasma glucose; GLP-1 = glucagon-like peptide-1; h.s. = at bedtime; IGlar = insulin glargine; IU = international units; MD = mean 
difference; Met = metformin; NPH = neutral protamine Hagadorn; NR = not reported (outcome results were not present in article); PPG = post-prandial glucose; pt = patient; pts = 
patients; SD = standard deviation; SE = standard error;  SU = sulfonylurea; TZD = thiazolidinedione; WDAE = withdrawals due to adverse events; wk = week. 
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4.1 Hemoglobin A1C 
31 RCTs10-12,14-17,19-31,33,35-41,43-45 (N = 7,238) reported the change from baseline in A1C (see Appendices 
21 and 22). In the MTC analyses, basal insulin and biphasic insulin produced statistically significant 
reductions in hemoglobin A1C in combination with metformin and sulfonylureas as well as with metformin 
alone.  DPP-4 inhibitors, GLP-1 analogues, TZDs, and rapid-acting insulin analogues also produced 
statistically significant reductions in A1C (i.e., 0.5 % to 1.0%) in combination with metformin and 
sulfonylureas, whereas meglitindes and alpha-glucosidase inhibitors did not. There were no statistically 
significant differences between basal insulin, biphasic insulin, DPP-4 inhibitors, TZDs, GLP-1 analogues, 
and bolus insulin. Estimates of effect derived from the direct pairwise comparisons aligned well with those 
obtained from MTC meta-analyses in both direction and magnitude.   

 
4.1.1 Primary MTC analysis: add-on therapies 

The primary MTC analysis was restricted to studies in which a third-line agent was added to pre-existing 
therapy with metformin and sulfonylurea. This approach reflects common clinical practice, and also 
ensured a greater degree of homogeneity across trials. The MTC evidence network was composed of 21 
RCTs10,14,15,17,19-22,25,27-31,35,37,38,40,41,43,45 representing eight third-line drug classes in addition to placebo (N 
= 5928). Illustrations of the MTC evidence networks are presented in Appendix 23.   

 
With the exception of alpha-glucosidase inhibitors and meglitinides, all classes achieved statistically 
significant reductions in hemoglobin A1C (range –0.89% to –1.17%) relative to metformin and 
sulfonylurea therapy alone. The addition of a basal or biphasic insulin produced the largest effects, with 
mean reductions of –1.17% (–1.57, –0.81) and –1.10% (–1.59, –0.67), respectively. Results for DPP-4 
inhibitors, GLP-1 analogues, bolus insulin, and TZDs ranged from–0.89% to –1.06%, with no significant 
differences between these classes or the insulins. A summary of the results for the MTC and direct 
pairwise meta-analyses is shown in Table 11, and represented graphically in Figure 1. Complete results 
from the MTC meta-analysis for all possible comparisons are presented in Appendix 24, with pairwise 
meta-analysis forest plots available in Appendix 25. 

 
The estimates of effect derived from the direct pairwise comparisons aligned well with those obtained 
from the MTC analysis in both direction and magnitude. Furthermore, the posterior mean residual 
deviance (20.9) was less than the number of unconstrained data points (24), which is an indication of 
good model fit (see Appendix 31).  

 
4.1.2 Sensitivity analyses  

A number of sensitivity analyses, meta-regression analyses, and alternative modelling strategies were 
conducted on the primary MTC meta-analysis (Table 12). There were no significant differences in the 
MTC estimates of effect after removing studies meeting any of the following criteria: crossover design, 
failure to report sulfonylurea dosage at baseline, A1C threshold of < 7.0% in the inclusion criteria. An 
additional sensitivity analysis was performed where insulin neutral protamine Hagedorn (NPH) and the 
long-acting insulin analogues were separated in the MTC meta-analysis. Both classes resulted in a 
statistically significant reduction in hemoglobin A1C in comparison with placebo. The estimates of effect 
were –1.32% (–1.79, –0.85) and –1.05% (–1.39, –0.77) relative to placebo for insulin NPH and long 
acting insulin analogues, respectively, with no significant difference between them.   

 
Meta-regression analyses, performed to account for heterogeneity across studies in baseline A1C and 
duration of diabetes, also yielded results that were consistent with the reference case analysis. Meta-
regression coefficients are available in Appendix 32.   

 
The reference case analysis was conducted using a random-effects model; these results were also 
compared against those obtained using a fixed-effects model, and found to be nearly identical.   
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4.1.3 Secondary analysis: all treatment strategies 

A secondary MTC evidence network for A1C was constructed using all the available treatment strategies. 
This network was composed of 27 RCTs (N = 6,978).10-12,14,15,17,19-25,27-31,35-41,43,45 Three trials32,33,44 were 
intraclass comparisons of insulins, while the therapeutic strategy of a fourth trial could not be connected 
in the network due to the lack of a common comparator with other the other trials.16 The evidence in the 
network represented 15 different therapeutic regimens and involved all eight drug classes. The most 
common comparison was TZDs versus basal insulin, both administered in combination with metformin 
and sulfonylureas (six RCTs).10,17,29-31,38 A summary of the results is presented in the lower portion of 
Table 11 and represented graphically in Figure 2, with the complete results reported in Appendices 25 
and 26.  

 
The effect estimates for add-on therapy with TZDs, DPP-4 inhibitors, alpha-glucosidase inhibitors, GLP-1 
analogues, bolus insulin aspart, and meglitinides were nearly identical in both the primary and secondary 
analyses. Similar to the primary analysis, the addition of a basal or biphasic insulin produced the largest 
effects, with mean reductions in A1C (95% credible interval [CrI]) of 1.20% (–1.66, –0.77) and –1.13%  
(–1.69, –0.60), respectively. An even larger result was observed for patients who received a biphasic 
insulin in combination with metformin alone, with a mean reduction of –1.90% (–2.80, –0.98). However, 
the effect size was lower when patients received a basal insulin (-0.69% [–1.87, 0.45]) or a biphasic 
insulin (–0.75% [–1.42, –0.12]) and discontinued both metformin and sulfonylurea. It should be noted that 
the only data available for patients switching to basal insulin alone were obtained from a single RCT39 in 
which the authors reported relatively low A1C reductions for all treatment arms. Despite setting a low 
target A1C (6.5%) and treating patients for nine months, the authors found that only a minority of patients 
achieved good glycemic control. This is also reflected in the modest effect estimate for insulin NPH in 
combination with sulfonylurea (upon discontinuation of metformin), as this study was the only RCT to 
investigate that particular strategy. Overall, the amount and quality of evidence was insufficient to draw 
conclusions regarding the relative efficacy of the add-on, partial-switch, and switch regimens in the 
initiation of insulin.   
   
The estimates of effect derived from the direct pairwise comparisons aligned well with those obtained 
from the MTC in both direction and magnitude. Furthermore, the posterior mean residual deviance (30) 
was less than the number of unconstrained data points (31), which is an indication of good model fit.  
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Table 11: Summary of MTC Results for Change In A1C From Baseline 
(Compared With Placebo) 

Third-Line Treatment 
Strategy Versus Placebo + 
Met + SU 

Direct Estimate 
WMD (%) (95% CI) 

MTC Estimate (%) 
(95% CrI) 

Probability of 
Largest A1C 
Reduction 

Mean Rank 

Add-on therapy (primary analysis) 

Basal Insulin + Met + SU –1.22 (–2.33,          –
0.10) 

–1.17 (–1.57,          –
0.81) 

30.6% 2.3 

Biphasic Insulin + Met + SU ——— –1.10 (–1.59,          –
0.67) 

14.3% 3.2 

TZD + Met + SU –1.16 (–1.36,           –
0.96) 

–0.96 (–1.35,          –
0.59) 

2.7% 4.6 

DPP-4 + Met + SU –0.89 (–1.11,          –
0.66) 

–0.89 (–1.51,          –
0.26) 

12.5% 4.8 

Alpha-glucosidase + Met      + 
SU 

–0.43 (–0.72,          –
0.14) 

–0.46 (–0.96, 0.03) 0.2% 7.1 

GLP-1 + Met + SU –0.96 (–1.14,         –
0.77) 

–1.06 (–1.45,           –
0.69) 

8.7% 3.7 

Bolus Insulin + Met + SU ——— –1.01 (–1.71,         –
0.35) 

17.7% 4.0 

Meglitinide + Met + SU ——— –0.18 (–2.08, 1.71) 13.3% 6.8 

All treatment strategies (secondary analysis) 

Basal Insulin + Met + SU –1.22 (–2.33,          –
0.10) 

–1.20 (–1.66,          –
0.77) 

1.8% 3.6 

Biphasic Insulin + Met + SU ——— –1.13 (–1.69,          –
0.60) 

1.0% 4.5 

TZD + Met + SU –1.16 (–1.36,          –
0.96) 

–0.97 (–1.41,         –
0.53) 

0.3% 6.1 

DPP-4 + Met + SU –0.89 (–1.11,         –
0.66) 

–0.89 (–1.65,          –
0.15) 

2.7% 6.5 

alpha-glucosidase + Met     + 
SU 

–0.43 (–0.72,         –
0.14) 

–0.46 (–1.03, 0.10) 0.1% 9.6 

GLP-1 + Met + SU –0.96 (–1.14,          –
0.77) 

–1.07 (–1.53,         –
0.63) 

0.3% 5.1 

Bolus Insulin + Met + SU ——— –1.04 (–1.86,          –
0.24) 

3.3% 5.5 

Meglitinide + Met + SU ——— –0.14 (–2.17, 1.83) 5.2% 9.7 

Biphasic Insulin + Met ——— –1.90 (–2.80,           –
0.98) 

82.2% 1.4 

Basal Insulin + SU ——— –0.05 (–1.00, 0.86) 0.0% 11.5 

Basal Insulin ——— –0.69 (–1.87, 0.45) 3.1% 7.8 

Biphasic Insulin ——— –0.75 (–1.42,         –
0.12) 

0.1% 7.9 

A1C = glycosylated hemoglobin; CI = confidence interval; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-
like peptide-1; Met = metformin; MTC = mixed treatment comparison; SU = sulfonylurea; TZD = thiazolidinedione; WMD = weighted 
mean difference. 

 
All values represent the difference in the change in A1C(%) from baseline between a particular third-line intervention strategy and 
the combination of metformin/sulfonylurea. The MTC results are presented as the mean pooled estimate of effect (95% Crl) and the 
direct comparisons as the mean difference for the change in A1C from baseline (95% CI). The table also presents the probability of 
achieving the largest reduction in A1C with each individual treatment, based on the results of 40,000 simulations. The “Rank” 
represents the average ranking for each treatment relative to the others over the 40,000 simulations; a lower number indicates that 
a particular treatment demonstrated the largest reduction in A1C relative to other treatments more often than treatments with a 
higher number. 
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Figure 1: Differences In Change From Baseline Hemoglobin A1C Between Active Third-Line 
Treatments and Placebo, Both In Combination With Metformin and a Sulfonlyurea: Results 
From the Primary MTC Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AGI = alpha glucosidase inhibitor; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Met = metformin;        
SU = sulfonylurea; TZDs = thiazolidinediones. 
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   -2.0     0.0    2.

Figure 2: Differences In Change From Baseline for Hemoglobin A1C Between Active Third-Line 
Treatments and Placebo: Results From Secondary MTC Analysis 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
AGI = alpha glucosidase inhibitor; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Met = metformin;       
 SU = sulfonylurea; TZDs = thiazolidinediones. 
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Table 12: Sensitivity Analyses, Meta-regression Analyses, and Model Comparisons for the                                 
Primary MTC Analysis of Change From Baseline A1C 

MTC estimate of effect (95% CrI) for change from baseline in A1C (%) (third-line treatment versus placebo) 
Analysis Basal Insulin Biphasic 

Insulin 
TZDs DPP-4 Inhibitors Alpha-

glucosidase 
Inhibitors 

GLP-1 
Analogues 

Bolus Insulin Meglitinides 

Random-effects model versus fixed-effects model 
Reference 
case – 
random-effects 
model 

–1.17 (–1.57,       
–0.81) 

-1.10 (–1.59, –
0.67) 

–0.96 (–1.35,     
–0.59) 

–0.89 (–1.51,        
–0.26) 

–0.46 (–0.96, 0.03) –1.06 (–1.45,     
–0.69) 

–1.01 (–1.71,   
–0.35) 

–0.18 (–2.08, 
1.71) 

Reference 
case –   fixed-
effects model 

–1.07 (–1.20,       
–0.95) 

–0.94 (–1.09, –
0.78) 

–0.99 (–1.14,     
–0.85) 

–0.89 (–1.09,       
–0.69) 

–0.42 (–0.71,        –
0.14) 

–1.01 (–1.14,     
–0.88) 

–1.04 (–1.29,   
–0.79) 

–0.12 (–1.87, 
1.64) 

Meta-regression adjusting for: 
Baseline A1C –1.19 (–1.57,       

–0.84) 
–1.09 (–1.55, –

0.67) 
–0.91 (–1.28,     

–0.53) 
–0.89 (–1.49,       

–0.29) 
–0.29 (–0.83, 0.25) –1.06 (–1.44,     

–0.70) 
–0.99 (–1.65,   

–0.35) 
0.03 (–1.86, 

1.90) 
Baseline 
duration of 
diabetes 

–1.18 (–1.59, –
0.80) 

–1.10 (–1.62, –
0.65) 

–0.96 (–1.39,     
–0.54) 

–0.89 (–1.55,        –
0.23) 

–0.46 (–0.98, 0.05) –1.06 (–1.47,     
–0.67) 

–1.02 (–1.74,   
–0.32) 

–0.13 (–2.23, 
1.96) 

Sensitivity analyses with removal of: 
Crossover 
studies* 

–1.13 (–1.51,       
–0.76) 

–1.07 (–1.55, –
0.61) 

–0.94 (–1.33,     
–0.56) 

–0.89 (–1.52,        –
0.26) 

–0.45 (–0.97, 0.06) –1.03 (–1.42,      
–0.64) 

–0.98 (–1.66,   
–0.30) 

———— 

A1C < 7.0%      
(inclusion 
criteria)† 

–1.19 (–1.60,       
–0.83) 

–0.98 (–1.54, –
0.51) 

–0.99 (–1.37,     
–0.61) 

–0.89 (–1.52,        –
0.27) 

–0.46 (–0.95, 0.04) –1.02 (–1.43,     
–0.64) 

–0.96 (–1.67,   
–0.29) 

———— 

Failed to 
provide SU 
dosing at 
baseline‡ 

–1.31 (–2.03,       
–0.69) 

–1.16 (–2.18, –
0.26) 

–1.09 (–1.83,     
–0.43) 

–0.89 (–1.87, 0.11) –0.58 (–1.51, 0.37) –1.03 (–1.90,     
–0.20) 

–1.10 (–2.26,   
–0.02) 

———— 

A1C = glycosylated hemoglobin; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; SU = sulfonylurea; TZDs=thiazolidinediones. 
*19 RCTs10,14,15,17,19,20,22,25,27,29-31,35,37,38,40,41,43,108 
†18 RCTs10,14,15,17,19-22,25,29-31,35,37,38,40,41,43 
 ‡12 RCTs10,14,17,19-21,29,31,35,37,38,41,43



 

Therapeutic Review Report: Clinical Review 40

4.1.4 Summary of RCTs that were not pooled 

One three-arm RCT24 compared insulin NPH and a meglitinide (i.e., repaglinide) in combination with 
metformin, biphasic insulin in combination with metformin, and insulin NPH with metformin. Change from 
baseline effect sizes were 1.9% (95% confidence interval [CI]: –1.03 to –2.77), –1.1% (95% CI: –0.51 to –
1.69), and –0.8 (95% CI: 0.15 to –1.75), respectively. This particular study24 was excluded from the MTC 
meta-analyses due to statistically significant differences in baseline A1C between treatment arms and the 
low clinical utility of the insulin NPH, repaglinide, and metformin treatment strategy. Another study16 was 
excluded from the MTC analysis because it compared pioglitazone with placebo in patients taking insulin 
and metformin. TZDs are currently not approved for use in combination with insulin products; hence, this 
trial was not included in the reference case analyses. At the end of this particular 20-week trial, there was 
a non-statistically significant reduction in A1C with pioglitazone versus placebo (mean difference [95% CI] 
= –0.20 [–1.02, 0.62]). 

 
There were three RCTs that reported intraclass comparisons of insulin analogues and conventional 
insulins. One RCT44 compared combination therapy with insulin glargine, and metformin with NPH insulin 
combined with metformin, and reported no significant difference in A1C at end point (nine months). 
Another RCT32 compared add-on therapy with neutral protamine lispro with insulin glargine. This trial 
reported no significant difference between the two groups. One RCT33 compared insulin lispro with 
regular human insulin and reported no significant difference between the groups at end point (5.5 
months).  

 

4.2 4.2 Body Weight  
There were 26 RCTs10-12,14-16,19-26,28,31-33,35,36,38-41,43,45 (N = 7011) that reported change from baseline in 
body weight (see Appendices 27 and 28).   

 
4.2.1 Primary MTC analysis: add-on therapies 

As with hemoglobin A1C, the primary MTC analysis was restricted to studies that involved an add-on 
design regarding concomitant use of metformin and sulfonylurea. The evidence network was composed 
of 16 RCTs10,14,15,19-22,25,28,31,35,38,40,41,43,45 representing eight third-line drug classes in addition to placebo 
(N = 5575). Illustrations of the MTC evidence networks are presented in Appendix 23.   

 
The most common comparison was TZDs versus basal insulin, both in combination with metformin and 
sulfonylureas (three RCTs).10,31,38 A summary of the results is presented in Table 13 and represented 
graphically in Figure 3.  Complete results are presented in Appendix 29, with forest plots illustrating 
pairwise meta-analyses available in Appendix 25.  When added to metformin and sulfonylurea therapy, 
treatment with basal insulin, biphasic insulin, rapid-acting insulin analogues, and TZDs were all 
associated with a significantly greater increase in body weight than treatment with metformin and 
sulfonylurea (range: 1.85 kg to 5.00 kg). DPP-4 inhibitors and alpha-glucosidase inhibitors were weight 
neutral, whereas GLP-1 analogues were associated with statistically significant weight loss –1.59 kg (–
3.01, –0.20). The large degree of uncertainty (i.e., very wide CI) for the effect of meglitinides makes it 
difficult to draw conclusions for this class (2.67 kg [–0.94, 6.32]).   

 
The estimates of effect derived from the direct pairwise comparisons aligned well with those obtained 
from the MTC analysis in both direction and magnitude.  Furthermore, the posterior mean residual 
deviance (19.2) was approximately equal to the number of unconstrained data points (19.0), an indication 
of good model fit (see Appendix 31).  

 
4.2.2 Sensitivity analyses for body weight 

Table 14 displays the results of sensitivity analyses, meta-regression analyses, and alternative modelling 
conducted to explore the results of the primary MTC meta-analysis for body weight (reference case). 
There were few significant differences in the MTC estimates of effect after removing studies with any of 
the following criteria: crossover design, failure to provide sulfonylurea dosage at baseline, and an A1C 
threshold of < 7.0% in the inclusion criteria. Removing studies that failed to report sufonylurea dosage at 
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baseline increased the uncertainty for several of the drug classes, resulting in loss of statistical 
significance for basal insulin (weight gain) and GLP-1 analogues (weight loss). An additional sensitivity 
analysis of add-on therapies was performed where insulin NPH and the long-acting insulin analogues 
were separated in the MTC meta-analysis. Relative to placebo, long-acting insulin analogues were 
associated with a statistically significant increase in body weight (2.4 kg [0.8, 3.9]) as was insulin NPH 
(1.3 kg [0.8, 3.9]). There was no significant difference between NPH and long-acting insulin analogues. 

 
A meta-regression was performed to account for differences in baseline BMI and yielded results that were 
consistent with the reference case analysis. The meta-regression coefficients are available in Appendix 
32. 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.   

 
4.2.3 Secondary MTC analysis: all treatment strategies 

The MTC analysis that included all treatment strategies was composed of 22 RCTs10-12,14,15,19-25,28,31,35,36,38-

41,43,45 representing 15 different therapeutic regimens that involved all eight drug classes (N = 6625). The 
most common comparison was TZDs versus basal insulin, both in combination with metformin and 
sulfonylureas (three RCTs)10,31,38 and biphasic insulin as monotherapy compared with basal insulin in 
combination with metformin and sulfonylureas (3 RCTs each).11,12,36  A summary of the MTC results and 
direct pairwise meta-analyses is shown in Table 13 and Figure 4, with detailed results presented in 
Appendix 25 and 30.  
 
Results for the add-on therapies were similar between the primary and secondary models (i.e., significant 
weight gain with TZDs and the insulins; no significant weight gain with DPP-4 inhibitors, alpha-
glucosidase inhibitors, and GLP-1 analogues). Increased weight gain was also observed for biphasic 
insulins when used as monotherapy, and basal insulin in combination with sulfonylurea or as 
monotherapy (see Table 13).     
 
The posterior mean residual deviance (26) of the secondary MTC analysis was less than the number of 
unconstrained data points (28), an indication of good model fit.  

 

Table 13: Summary of MTC Results for Change From Baseline In  
Body Weight (Kg) Compared With Placebo 

Third-Line Treatment Strategy 
Versus Placebo + Met + SU 

Direct Estimate 
WMD (kg) (95% CI) 

MTC Estimate (kg) 
(95% CrI) 

Probability of 
Least Weight 

Gain  

Mean 
Rank 

Add-on therapy (primary analysis) 

Basal Insulin + Met + SU 0.88 (–1.39, 3.15) 1.85 (0.54, 3.09) 0.0% 5.07 

Biphasic Insulin + Met + SU ——— 3.35 (1.65, 5.03) 0.0% 7.24 

TZD + Met + SU 3.54 (2.43, 4.64) 3.10 (1.73, 4.43) 0.0% 6.94 

DPP-4 + Met + SU 1.10 (0.28, 1.29) 1.11 (–1.36, 3.57) 2.4% 4.32 

Alpha-glucosidase + Met + SU –0.88 (–1.63, –0.14) –0.43 (–2.20, 1.44) 12.5% 2.37 

GLP-1 + Met + SU –0.88 (–1.29, –0.47) –1.59 (–3.01, –0.20) 83.8% 1.19 

Bolus Insulin + Met + SU ——— 5.00 (2.52, 7.43) 0.0% 8.72 

Meglitinide + Met + SU ——— 2.67 (–0.94, 6.32) 0.8% 6.23 

All treatment strategies (secondary analysis) 

Basal Insulin + Met + SU 1.99 (1.00,2.99) 1.85 (0.55, 3.06) 0.0% 5.2 

Biphasic Insulin + Met + SU ——— 3.36 (1.70, 5.00) 0.0% 8.5 

TZD + Met + SU 3.54 (2.43, 4.64) 3.10 (1.72, 4.41) 0.0% 7.9 

DPP-4 + Met + SU 1.10 (0.28, 1.29) 1.11 (–1.31, 3.51) 2.2% 4.5 

alpha-glucosidase + Met      + SU –0.96 (–1.79, –0.12) –0.43 (–2.17, 1.39) 12.5% 2.4 

GLP-1 + Met + SU –0.88 ( –1.29, –0.47) –1.59 (–2.97, –0.23) 84.1% 1.2 

Bolus Insulin + Met + SU 1.99 (1.00,2.99) 5.01 (2.56, 7.42) 0.0% 11.6 
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Table 13: Summary of MTC Results for Change From Baseline In  
Body Weight (Kg) Compared With Placebo 

Third-Line Treatment Strategy 
Versus Placebo + Met + SU 

Direct Estimate 
WMD (kg) (95% CI) 

MTC Estimate (kg) 
(95% CrI) 

Probability of 
Least Weight 

Gain  

Mean 
Rank 

Meglitinide + Met + SU ——— 2.69 (–0.86, 6.35) 0.8% 7.3 

Biphasic insulin  + Met  ——— 4.52 (1.84, 7.22) 0.0% 10.7 

Basal insulin + SU ——— 3.27 (0.63, 6.09) 0.0% 8.1 

Basal insulin  ——— 4.69 (1.68, 7.87) 0.0% 11.0 

Biphasic Insulin ——— 3.85 (1.83, 6.00) 0.0% 9.6 

CI = confidence interval; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Met = metformin; 
MTC = mixed treatment comparison; SU = sulfonylurea; TZD = thiazolidinedione; WMD = weighted mean difference. 

 
All values represent the difference in the change in body weight (kg) from baseline between a particular third-line intervention 
strategy and the combination of metformin/sulfonylurea. The MTC results are presented as the mean pooled estimate of effect (95% 
Crl) and the direct comparisons as the mean difference for the change in body weight from baseline (95% CI). The table also 
presents the probability of achieving the largest reduction (or least weight gain) in body weight with each individual treatment, based 
on the results of 40,000 simulations.  The “Rank” represents the average ranking for each treatment relative to the others over the 
40,000 simulations; a lower number indicates that a particular treatment demonstrated the largest reduction in body weight relative 
to other treatments more often than treatments with a higher number. 
 
 
Figure 3: Differences In Change From Baseline for Body Weight Between Active Third-Line 
Treatments and Placebo, Both In Combination With Metformin and a Sulfonylurea: Results 
From the Primary MTC Analysis 
 
 
 

 
 
 

 

 

 

 
 
 
 
 
 
 

 
 
 
AGI = alpha glucosidase inhibitor; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Met = metformin;       SU = 
sulfonylurea; TZDs = thiazolidinediones. 
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Figure 4: Differences in change from baseline for body weight between active third-line 
treatments and placebo: results from secondary MTC analysis 
 
 

 
 
 

 
 
 

 
 
 
 

 
 

 
 
 

 
 
 

 
AGI = alpha glucosidase inhibitor; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Met = metformin; SU = 
sulfonylurea; TZDs = thiazolidinediones. 
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Table 14: Sensitivity Analyses, Meta-regression Analyses, and Model Comparisons for the Primary                           
MTC Analysis of Change From Baseline Body Weight 

MTC Estimate of Effect (95% CrI) for Change From Baseline In Body Weight (Kg) (Third-Line Treatment Versus Placebo) 
Analysis Basal 

Insulin 
Biphasic 
Insulin 

TZDs DPP-4 
Inhibitors 

Alpha-
glucosidase 

inhibitors 

GLP-1 
Analogues 

Bolus 
Insulin 

Meglitinides 

Random-effects model versus fixed-effects model 
Reference case ― random-effects model 1.85 (0.54, 

3.09) 
3.35 (1.65, 

5.03) 
3.10 (1.73, 

4.43) 
1.11 (–

1.36, 3.57) 
–0.43 (–2.20, 

1.44) 
–1.59 (–3.01,   

–0.20) 
5.00 (2.52, 

7.43) 
2.67 (–0.94, 

6.32) 
Reference case ― fixed-effects model 2.54 (2.12, 

2.95) 
3.67 (3.21, 

4.12) 
3.49 (3.00, 

3.98) 
1.10 (0.27, 

1.93) 
–0.88 (–1.63,   

–0.14) 
–1.44 (–1.81,   

–1.07) 
5.50 (4.81, 

6.18) 
2.22 (–0.02, 

4.50) 

Meta-regression adjusting for: 
Baseline BMI 1.86 (0.54, 

3.08) 
3.21 (1.48, 

4.90) 
3.27 (1.84, 

4.62) 
1.17 (–

1.30, 3.60) 
–0.43 (–2.17, 

1.44) 
–1.61 (–3.02,   

–0.23) 
4.68 

(2.10, 
7.19) 

1.96 (–1.81, 
5.88) 

Sensitivity analyses with removal of: 
Crossover studies* 2.63 (1.37, 

3.81) 
3.93 (2.45, 

5.42) 
3.51 (2.32, 

4.69) 
1.09 (–

0.95, 3.16) 
–0.97 (–3.01, 

1.08) 
–1.16 (–2.35, 

0.04) 
5.68 

(3.51, 
7.79) 

———— 

A1C < 7.0% (inclusion criteria)† 1.85 (0.52, 
3.10) 

3.35 (1.63, 
5.06) 

3.10 (1.68, 
4.45) 

1.10 (–
1.37, 3.54) 

–0.44 (–2.21, 
1.44) 

–1.59 (–3.02,   
–0.19) 

5.00 
(2.49, 
7.49) 

2.64 (–0.97, 
6.35) 

Failed to provide SU dosing at baseline‡ 1.39 (–
0.45, 3.18) 

3.77 (0.87, 
6.62) 

2.80 (0.66, 
4.87) 

1.10 (–
2.01, 4.16) 

–0.49 (–2.62, 
1.79) 

–1.33 (–3.92, 
1.17) 

4.98 
(1.65, 
8.27) 

———— 

A1C = glycosylated hemoglobin; BMI = body mass index; CrI = credible interval, DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; SU = sulfonylurea;                      
TZDs = thiazolidinediones. 

*14 RCTs 10,14,15,19-21,21,22,25,31,38,40,41,43  
  †RCTs10,14,15,19-22,25,31,35,38,40,41,43  
  ‡10 RCTs10,14,19-21,31,35,38,41,43 
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4.2.4 Summary of RCTs that were not pooled  

As noted for A1C, one three-arm RCT24 compared:  
 a combination of insulin NPH, meglitinide (i.e., repaglinide), and metformin  
 metformin with biphasic insulin 
 metformin with insulin NPH.   
 
This trial was not pooled with the others due to the low clinical utility of this treatment strategy, as well as 
other methodological limitations. There were no significant differences in change in body weight from 
baseline between any of the three regimens (P = 0.06).   

 
One RCT44 comparing insulin glargine combined with metformin to NPH insulin combined with metformin 
reported no significant difference in body weight [mean (standard error [SE]) = 2.6 ± 0.6 kg versus 3.5 ± 
0.7 kg]. Another RCT32 comparing add-on therapy with neutral protamine lispro to add-on therapy with 
insulin glargine also reported no significant difference between the two groups [mean (standard deviation) 
= 2.4 ± 3.1 kg vs. 2.8 ± 3.5]. A third RCT33 compared insulin lispro with regular human insulin and 
reported no significant difference between treatments.  
 

4.3 Body Mass Index 
Three RCTs17,28,30 (n = 245) reported change in body mass index (BMI) from baseline. Due to the limited 
evidence for this outcome, an MTC meta-analysis was not conducted. One small RCT30 (n = 30) 
comparing pioglitazone with insulin glargine (both in combination with metformin and sulfonylureas) 
reported no significant difference in the change in BMI from baseline (P = 0.37). Another RCT17 (n = 112) 
reported no significant difference in change from baseline between patients who received either 
rosiglitazone or insulin NPH added onto metformin and sulfonylurea therapy (0.9 ± 1.3 vs. 0.8 ± 0.9). One 
crossover RCT28 (n = 103) reported a significant increase from baseline in the BMI of patients receiving 
repaglinide (P < 0.05) and a significant decrease in patients receiving acarbose    (P < 0.05).      

  
4.4 Hypoglycemia 

4.4.1 Severe hypoglycemia 

This review identified 22 RCTs10,14-16,19,22-26,29,31,34-41,43,45 (n = 6368) that reported the number of patients 
experiencing severe hypoglycemia during the trial. Severe hypoglycemia was typically defined as an 
event requiring third-party assistance (see Appendix 33 for definitions from individual trials). Studylevel 
results for the individual RCTs are presented in Appendix 34. Events of severe hypoglycemia were 
relatively rare for all drug classes including the insulins. Overall, there were no events reported in 35 out 
of 52 treatment arms. Five RCTs23,24,36,39,43 compared treatment strategies involving the use of biphasic or 
basal insulin. The largest was a three-arm trial that randomized patients to treatment with biphasic insulin 
(BiAsp30), basal insulin (determir), or bolus insulin (aspart), each in addition to continued metformin and 
sulfonylurea.43 This RCT reported a statistically significant increase in severe hypoglycemia with bolus 
insulin versus basal insulins [odds ratio (95% CI): 4.14 (1.36, 12.59)] and a trend toward more events with 
biphasic versus basal insulin [odds ratio (95% CI): 2.82 (0.89, 9.00)].   

 
4.4.2 Overall hypoglycemia 

There were 26 RCTs10,11,14-17,20-26,29,31,33-41,43,45 (N = 7,238) that reported overall hypoglycemia. Complete 
study-level data regarding the incidence of hypoglycemia in each of these trials is presented in 
Appendices 35 and 36. The most common comparison was TZDs versus basal insulin, both in 
combination with metformin and sulfonylureas (four RCTs).10,17,38,46 Direct pairwise comparisons are 
shown in Table 15, with forest plots for comparisons with multiple included trials available in Appendix 25. 
Definitions of hypoglycemia used in the individual RCTs are provided in Appendix 33; 15 RCTs failed to 
provide definitions of overall hypoglycemia.12,17,19-21,23,26-28,30,37-41 MTC analysis was not performed for this 
outcome due to the large variation in the control group (i.e., metformin plus sulfonylurea) event rates. 
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a) Placebo-controlled trials reporting overall hypoglycemia 
Five placebo-controlled trials reported data for overall hypoglycemia.15,20,22,35,41  Add-on therapy with basal 
insulin,35 TZDs,20,22 DPP-4 inhibitors,41 and GLP-1 analogues15,35  was associated with a significantly 
higher number of patients experiencing overall hypoglycemia than placebo. Amongst these trials, 
combination therapy with DPP-4 inhibitors, metformin, and a sulfonylurea was associated with the highest 
odds ratio (albeit, with the widest CIs). Data for DPP-4 inhibitors was limited to a single RCT41 where 19 
out of 116 patients receiving 100 mg/day sitagliptin experienced hypoglycemia compared with 1 out of 
113 in the placebo arm (both in combination with metformin and sulfonylureas). It should be noted that 
the authors of this particular RCT failed to report their definition of overall hypoglycemia.   

 
b) Active comparisons reporting overall hypoglycemia 
There were a total of 15 pairwise comparisons involving active treatments with data for overall 
hypoglycemia. The majority of these consisted of different insulin regimens, with varying concomitant use 
of metformin and sulfonylurea.    
 Comparisons of insulins as add-on: Add-on therapy with biphasic insulin109 or bolus insulin43 was 

associated with significantly more hypoglycemia than add-on basal insulin, although the difference 
between biphasic insulin and basal insulin was non-signficant in one RCT45 (n = 469). There was also 
a trend towards more hypoglycemia with insulin aspart in comparison with biphasic insulin.43 

 Comparisons of insulins and GLP-1 analogues: One RCT14 reported that the addition of a GLP-1 
analogue to sulfonylurea and metformin was associated with significantly fewer events of 
hypoglycemia than biphasic insulin in combination with both metformin and sulfonylurea, or with 
metformin alone. Another RCT35 reported no significant difference in hypoglycemia between GLP-1 
analogues and basal insulin. 

 Comparisons of insulins and TZDs: Pooled data from four RCTs,10,17,31,38 demonstrated that add-
on basal insulin was associated with significantly more hypoglycemia than add-on TZDs. 

 

Table 15: Pairwise Comparisons of Studies Reporting Overall Hypoglycemia 
Intervention 1 Intervention 2 No. of 

RCTs 
N Direct Estimates 

OR (95% CI) 
I2 (%) 

Placebo comparisons (intervention 1 versus intervention 2) 
Basal Insulin + Met + SU Placebo + Met + SU 135 346 2.03 (1.15, 3.58) —— 
TZD + Met + SU Placebo + Met + SU 220,22 664 5.62 (2.81, 11.25) 33 
DPP-4 Inhibitors + Met + SU Placebo + Met + SU 141 229 21.94 (2.88, 167) —— 
GLP-1 + Met + SU Placebo + Met + SU 215,35  1324 2.07 (1.54, 2.77)  
Active comparisons (intervention 1 versus intervention 2) 
Biphasic Insulin + Met + SU Basal Insulin + Met + SU 143 469 4.01 (2.31, 6.96) —— 
Biphasic Insulin + Met + SU Basal Insulin + Met + SU 145 469 1.29 (0.90, 1.86) —— 
TZD + Met + SU Basal Insulin + Met + SU 410,17,31,38 413 0.40 (0.21, 0.75) 22 
GLP-1 + Met + SU Basal Insulin + Met + SU 135 462 0.93 (0.62, 1.39) —— 
Bolus insulin + Met + SU Basal Insulin + Met + SU 143 402 8.97 (4.34, 18.56) —— 
Biphasic Insulin  Basal Insulin + Met + SU 111 236 1.32 (0.86, 2.03) —— 
GLP-1 + Met + SU Biphasic Insulin + Met + SU 114 105 0.33 (0.19, 0.55) —— 
Bolus insulin + Met + SU Biphasic Insulin + Met + SU 143 445 2.24 (0.99, 5.05) —— 
Biphasic insulin + Met Biphasic Insulin + Met + SU 114 248 1.26 (0.76, 2.09) —— 
Biphasic insulin + Met GLP-1 + Met + SU 114 112 3.87 (2.28, 6.58) —— 
Biphasic insulin + Met Basal Insulin + Met 124 56 1.32 (0.40, 4.33) —— 
Basal insulin + Meg. + Met Basal Insulin + Met 124 55 0.57 (0.15, 2.23) —— 
Basal insulin + Meg. + Met Biphasic insulin + Met 124 53 0.43 (0.11, 1.66) —— 
Basal insulin Basal Insulin + Met 139 174 1.08 (0.01, 218.9) —— 
Biphasic Insulin  Basal Insulin + Met 139 173 1.12 (0.01, 115.9) —— 
Biphasic Insulin  Basal insulin 139 175 1.04 (0.09, 12.34) —— 

CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; IAsp = insulin aspart; Meg = meglitinide;             
Met = metformin; N = total sample size; No. = number; OR = odds ratio; RCTs = randomized controlled trials; SU = sulfonylurea;                  
TZD = thiazolidinediones. 
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c) Intraclass comparisons 
There were three RCTs that reported intraclass comparisons of insulin analogues and conventional 
insulins.   
 One RCT44 comparing combination therapy insulin glargine and NPH insulin, both combined with 

metformin, reported no significant difference in hypoglycemia at nine months.   
 One RCT32 comparing add-on therapy with neutral protamine lispro with insulin glargine reported no 

significant difference in hypoglycemia between the two groups.   
 One RCT33 reported no significant difference in hypoglycemia between insulin lispro     (1.7 ± 0.3 

[SE] episodes/30 days) and regular human insulin (1.8 ± 0.3 [SE] episodes/30 days) in patients who 
ceased taking both metformin and sulfonylurea. 

 
4.4.3 Nocturnal hypoglycemia 

This review identified seven RCTs (n = 2394)11,25,31,33,37,40,45 that reported the number of patients with at 
least one episode of nocturnal hypoglycemia. Four of these RCTs11,31,40,45 included a treatment arm where 
patients received insulin glargine in combination with metformin and sulfonylurea therapy.  
 One RCT11 (n = 364) compared the use of insulin glargine in combination with metformin and 

sulfonylurea against the use of biphasic insulin (30/70 NPH) with placebo and reported 0.5 events 
per patient per year and 1.04 events per patient per year, respectively (P = 0.0449).  A sub-group 
analysis from this RCT focusing on patients ≥ 65 years of age reported no statistically significant 
difference between the two groups (p = 0.29).13  

 Another study45 compared add-on therapy with insulin glargine against add-on therapy with 
biphasic insulin aspart and reported 0.5 events per patient per year and 1.1 events per patient per 
year of nocturnal hypoglycemia, respectively [RR (95% CI) = 2.41 (1.34, 4.34);    P = 0.003].   

 One trial31 comparing add-on therapy with insulin glargine against add-on therapy with rosiglitazone 
reported a significantly higher number of nocturnal hypoglycemic events in the insulin glargine 
group (P = 0.02).   

 One RCT40 (n = 549) reported a significant between-group difference of –1.6 events per patient per 
year (95% CI; –2.3 to –0.9) favouring the addition of exenatide (0.9 events per patient per year) 
over insulin glargine (2.4 events per patient per year) to ongoing treatment with metformin and 
sulfonylureas.   

 Nauck et al.25 (n = 501) reported no significant difference between patients receiving add-on 
therapy with exenatide and those receiving add-on therapy with biphasic insulin aspart when results 
were adjusted for baseline A1C and country; however, there was a significantly lower number of 
patients experiencing events in the exenatide arm in the unadjusted results (17% versus 25%; P < 
0.038).   

 One RCT37 (n = 133) comparing the addition of miglitol or placebo to ongoing therapy with glyburide 
and metformin reported no events in either treatment arm.  

 One comparison33 (n = 148) of insulin lispro against regular human insulin (both in combination with 
insulin NPH) reported nocturnal hypoglycemia rates of 0.08 and 0.16 events per 30 days, 
respectively (p = 0.057). 

 

4.5 Long-Term Diabetes-Related Complications 
Results for long-term complications are shown in Table 16. The majority of RCTs included in this review 
did not report data for these outcomes, and those that did were inadequately powered to detect 
statistically significant differences between treatments. Congestive heart failure was reported in two 
RCTs,20,30 both evaluated pioglitazone, and there were no events occurring in any of the treatment arms. 
Six RCTs14,16,22,25,41,43 reported all-cause mortality and there were no statistically significant differences 
between any of the treatment arms. Only a single RCT20  reported events of stroke or transient ischemic 
attacks, with only a single event occurring in the trial. Only one study16 reported events of ischemic heart 
disease, with only a single event recorded during the trial. It should be noted that the experimental arm in 
this study involved a combination of insulin and pioglitazone, which is not an approved combination 
therapy in Canada. No studies reported data on neuropathy, retinopathy, peripheral vascular disease, or 
macular edema. 
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Table 16: Summary of Trials Reporting Data on Long Term  
Complications of Diabetes 

Author, Year Treatment 1 n/N (%) Treatment 2 n/N (%) 

Ischemic heart disease 
Berhanu et al., 200716 Insulin + Piog. + M 0/110 (0%) Insulin + placebo + M 1/112 (0.9%) 

Congestive heart failure 
Dorkhan et al., 200930 Piog. + M + S  0/15 (0%) Insulin glargine + M + S 0/15 (0%) 

Charpentier and Halimi, 
200920 

Piog. + M + S 0/145 (0%) Placebo + M + S 0/154 (0%) 

Mortality 
Berhanu et al., 200716 Insulin + Piog. + M  0/110 (0%) Insulin + Placebo + M 0/112 (0%) 

Hermansen et al., 
200741 

Sitagliptin + M + S 1/116 
(0.9%) 

Placebo + M + S 0/113 (0%) 

Exenatide + M + S 0/124 (0%) BIAsp30 (q.d.) + M + S 0/124 (0%) Bergenstal et al., 
200914 BIAsp30 (b.i.d.) + M 1/124 

(0.8%) 
——— ——— 

Insulin aspart + M + S 1/239 
(0.4%) 

BiAsp30 + M + S 3/235 (1.3%) Holman et al., 200743 

Insulin detemir + M + S 0/234 (0%) ——— ——— 

Nauck et al., 200725 Exenatide + M + S 2/253 
(0.8%) 

BiAsp30 1/248 (0.4%) 

Dailey et al., 200422 Rosiglitazone + M + S 0/181 (0%) Placebo + M + S 1/184 (0.5%) 

Stroke/Transient Ischemic Attack 

Charpentier and Halimi, 
200920 

Pioglitazone + M + S 1/145 
(0.7%) 

Placebo + M + S 0/154 (0%) 

BiAsp = biphasic insulin aspart; b.i.d. = twice daily; M = metformin; N = total number of patients; n=number of patients with event;  
Piog. = pioglitazone; q.d. = once daily; S=sulfonylurea. 
 

4.6 Patient Satisfaction With Diabetes Treatment 
Four RCTs10,18,36,45 used the Diabetes Treatment Satisfaction Questionnaire (DTSQ) to assess within and 
between group differences in patients’ overall satisfaction with the therapeutic regimen to which they were 
randomly allocated.  One RCT45 reported no significant difference in DTSQ scores between insulin 
glargine and biphasic insulin aspart, both given in combination with metformin and a sulfonylurea [-0.11 (-
2.36, 2.14)].  A study18 (n = 549) comparing exenatide with insulin glargine when added to metformin and 
sulfonylurea reported that both groups showed a statistically significant improvement from baseline to 
endpoint; however, there was no significant difference between groups.  A small RCT36 (n = 64) reported 
no statistically significant difference in DTSQ scores of patients treated with insulin NPH once daily in 
combination with metformin compared with those receiving biphasic insulin (70/30) twice daily. Another 
small RCT10 (n = 62) compared pioglitazone and insulin NPH, both in combination with metformin and 
sulfonylureas, and found no statistically significant difference (P = 0.37). 

 
4.7 Withdrawals Due to Adverse Events 
WDAE were reported in 23 RCTs.10-12,14,16,17,19,20,22-24,28,29,31,32,34,35,37,38,40,41,43,44  Study-level details for 
individual RCTs are presented in Table 17, Figures 5 and 6, and Appendix 16. Three RCTs14,34,40 
involving exenatide that reported WDAE all demonstrated a statistically significant increase in withdrawals 
relative to comparators (i.e., placebo, insulin glargine, or biphasic insulin aspart). All three of these 
studies cited nausea and vomiting as the primary reasons for withdrawal among exenatide-treated 
subjects. The other two RCTs15,25 of exenatide failed to report WDAE. One three-arm trial35 also showed 
an increase in WDAE for patients treated with the GLP-1 analogue, liraglutide (4.7%), in comparison with 
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those receiving insulin glargine (2.1%) or placebo (0.9%). This study also cited nausea as the primary 
adverse event in the liraglutide treatment arm.   
 

Table 17: Summary of Trials Reporting Withdrawals Due to Adverse Events 

Comparisons No. of Trials/Total 
N 

OR (95% CI) 

Placebo comparisons   
TZD + Met + SU vs. placebo + Met + SU 120 (N = 289) 0.69 (0.11, 4.17) 
TZD + Met + SU vs. placebo + Met + SU 122 (N = 365) 2.09 (0.70, 6.25) 
GLP-1 + Met + SU vs. placebo + Met + SU 134 (N = 466) 8.32 (2.46, 28.12) 
GLP-1 + Met + SU vs. placebo + Met + SU 135 (N = 344) 5.68 (0.72, 44.5) 
Basal insulin + Met +SU vs. placebo + Met + SU 135 (N = 346) 2.49 (0.29, 21.56) 
Sitagliptin + Met + SU vs. placebo + Met + SU  141 (N = 229) 0.97 (0.13, 7.03) 
AGI + Met + SU vs. placebo + Met + SU 137 (N = 133) 0.51 (0.09, 2.87) 
AGI + Met + SU vs. placebo + Met + SU 119 (N = 89) 0.48 (0.04, 5.46) 
Active comparisons    
Biphasic insulin vs. Insulin glargine + SU + Met 112 (N =  221) No events 
Biphasic insulin  vs. Insulin glargine + SU + Met 111 (N = 364) 5.83 (0.70, 48.95) 
Biphasic (q.d.) + Met + SU vs. GLP-1 + Met + SU  114 (N = 248) 0.05 (0.00, 0.85) 
Biphasic (b.i.d.) + Met + SU vs. GLP-1 + Met + SU  114 (N = 248) 0.21 (0.04, 0.99) 
Biphasic (b.i.d.) + M + SU vs. Biphasic (q.d.) + M + SU
  

114 (N = 248) 5.08 (0.24, 106.94) 

GLP-1 + Met + SU vs. Basal insulin + Met +SU  135 (N = 462) 2.28 (0.78, 6.67) 
GLP-1 + Met + SU vs. Basal insulin + Met +SU 140 (N = 549) 14.03 (3.30, 59.60) 
Basal insulin + Met + SU vs. TZD + Met + SU 117 (N = 112) 0.10 (0.01, 1.96) 
Basal insulin + Met + SU vs. TZD + Met + SU 129 (N = 40) 0.12 (0.01, 2.53) 
Basal insulin + Met + SU vs. TZD + Met + SU 131 (N = 216) 0.22 (0.05, 1.06) 
Basal insulin + Met + SU vs. TZD + Met + SU 110 (N = 58) No events 
Biphasic + Met + SU vs. Basal + Met + SU  143 (N = 469) 0.49 (0.09, 2.72) 
Bolus + Met+ SU vs. Basal + Met + SU  143 (N = 473) 0.11 (0.01, 2.00) 
Biphasic + Met+ SU vs. Bolus + Met + SU  143 (N = 474) 5.13 (0.24, 107.40) 

b.i.d. = twice daily; M = metformin; N = total number of patients; Piog. = pioglitazone; q.d. = once daily; S=sulfonylurea; vs. = versus. 
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Figure 5: Withdrawals Due to Adverse Events in Active Third-Line Treatments and Placebo, 
Both in Combination With Metformin and a Sulfonylurea 
 
 

 
 
 
 
 
AGI = alpha glucosidase inhibitor; GLP-1 = glucagon-like peptide-1; Met = metformin; SU = sulfonylurea; TZDs = thiazolidinediones. 
 
 

More with treatment More with placebo 
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Figure 6: Withdrawals Due to Adverse Events in Comparisons of Two Active Third-Line 
Treatments (A Vs. B) 
 

 
 
AGI = alpha glucosidase inhibitor; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Met = metformin; q.d. = once 
daily; SU = sulfonylurea; TZDs = thiazolidinediones; vs. = versus. 
 
4.8 Serious and Severe Adverse Events 
This review identified 13 RCTs10,15,16,20,22,24,25,31,35,37,41,43,110 that reported total severe, serious, or major 
adverse events. It should be noted that only five studies14,31,32,43,44 defined which adverse events were 
classified as “severe” or “serious”. Study-level details for individual RCTs are presented in Appendix 16. 
The ability to compare adverse events acoss trials and drug classes was limited by the the small number 
of events that were reported, and the consequent limitations in statistical power. 

 
Data for several treatments are highlighted below: 
 Trials involving exenatide: One RCT15 reported the number of severe adverse events in patients 

receiving 10 μg/day exenatide (29/245; 12%) and 20 μg/day exenatide (34/241; 14%) compared with 
placebo (20/247; 8%). However, there were no details regarding the nature of these events and no 
differences in the proportion of patients experiencing serious adverse events (also undefined). One 
RCT25 reported the number of serious adverse events in patients receiving exenatide (19/253; 8%) in 
comparison with biphasic insulin aspart (11/248; 4%). No trials reported any events of pancreatitis.  

 Trial involving sitagliptin: One RCT41 reported the number of patients with serious adverse events 
with sitagliptin (7/116; 6%) compared with placebo (2/113; 2%); all were believed to be unrelated to the 
study medications and no definitions were provided.   

 Trials involving rosiglitazone: One RCT31 reported the number of patients with serious adverse 
effects with rosiglitazone (11/112; 10%) compared with insulin glargine (5/105; 5%); and one RCT22 
reported the number of events with rosiglitazone (3/181; 2%) compared with placebo (8/184; 4%). 

 Trial comparing biphasic, bolus, and basal insulin: One RCT43 comparing add-on therapy with 
three different insulin regimens reported serious adverse events in patients receiving biphasic insulin 
aspart (41/235; 17%) in comparison with insulin aspart (30/239; 13%) and insulin detemir (30/234; 
13%). The events were described as any of the following: gastrointestinal and abdominal pain or 
infection, lower respiratory tract and lung infection, ischemic coronary-artery disorder, or other 
infection. 

More with treatment A More with treatment B 
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 Trial involving liraglutide: One RCT35 reported the number of serious adverse events in patients 
treated with liraglutide (9/230; 4%), insulin glargine (16/232; 7%), and placebo (8/114; 7%), all in 
combination with metformin and a sulfonylurea.  

 

4.9 Specific Adverse Effects 
Only a single RCT35 reported pancreatitis; no events were observed in any of the three treatment arms 
(liraglutide, insulin glargine, or placebo arms, all in combination with metformin and glimepiride). There 
was no evidence available from the included RCTs regarding the occurrence of upper extremity fractures, 
or hyperosmolar hyperglycemic, nonketotic coma. 

 

4.10 Efficacy and Safety for Patients 65 Years and Older 
Patients 65 years and older were identified as a population of special interest in this therapeutic review. 
The available evidence for this group is limited to a subgroup analysis from a single RCT. Janka et al.11 
reported a subgroup analysis of patients aged 65 or older (n = 67) in a companion publication13 for their 
study comparing insulin glargine with biphasic insulin, both in combination with glimepiride and metformin. 
The subgroup analysis showed that patients in the insulin glargine arm had a greater reduction in 
hemoglobin A1C compared with the biphasic insulin arm [mean difference (95% CI) =– 0.46% (– 0.75,  
– 0.16); P = 0.003]. There was no significant difference in change in body weight from baseline (insulin 
glargine: 1.3 ± 3.0 kg, biphasic insulin: 2.2 ± 3.9 kg; P = 0.17). Patients receiving insulin glargine  (n = 67) 
experienced significantly fewer events of overall hypoglycemia compared with patients treated with 
biphasic insulin (n = 63) (3.68 events per patient-year versus 9.09 events per patient-year; P = 0.008).  
There was no significant difference between treatments in the rates of severe hypoglycemia (0.00 versus 
0.09 events per patient-year; P = 0.21) or confirmed nocturnal hypoglycemia (0.39 versus 0.71 events per 
patient-year; P = 0.26). These findings are consistent with those reported for the overall study 
population.11 One patient in the insulin glargine group and two in the biphasic insulin group withdrew 
because of adverse events.  The reasons for these withdrawals were not reported; however, it was 
indicated that hypoglycemia was not the cause. Five events of diabetic neuropathy were reported in three 
patients in the biphasic insulin arm and none were reported in the insulin glargine arm.   
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5 DISCUSSION 

5.1 Summary of Available Evidence 
In this systematic review, we identified 33 RCTs (N = 8,148) reporting the effects of eight classes of third-
line therapies for patients with type 2 diabetes inadequately controlled on combination therapy with 
metformin and sulfonylureas. A total of 17 different treatment strategies were studied in these trials. The 
majority of studies randomized patients to the addition of a third-line agent while continuing metformin 
and sulfonylureas (28 articles).10,12,14,15,17-22,25-32,34-38,40-43,45 Strategies that were less commonly tested 
included those where the patient commenced treatment with a third-line agent and discontinued 
metformin or sulfonylurea (but not both),11,16,24,44 and those where the patients commenced treatment with 
a third-line agent and discontinued both metformin and sulfonylurea (three RCTs).11,23,39 MTC meta-
analyses were conducted whenever possible because of the large number of drug classes and treatment 
strategies, as a means to  incorporate both direct and indirect evidence in a unified framework.  

 

5.2 Interpretation of Results 
Very few studies reported evidence regarding comparative safety and efficacy in terms of clinically 
important long-term complications of diabetes or mortality. All studies that did report diabetes-related 
complications had limited power and none reported significant differences between any of the drug 
classes compared. This finding is consistent with CADTH’s systematic review of second-line diabetes 
pharmacotherapy2 as well as those conducted by Bolen et al.101 and Selvin et al.102  

 
Regarding glycemic control, MTC meta-analyses demonstrated that, when added to ongoing therapy with 
metformin and a sulfonylurea, basal insulin, biphasic insulin, bolus insulin, DPP-4 inhibitors, TZDs, and 
GLP-1 analogues significantly reduced A1C relative to placebo; however, there were no significant 
differences between any of these classes. Meglitinides and alpha-glucosidase inhibitors were not shown 
to provide statistically significant reductions in A1C.  Results were found to be robust in a wide range of 
sensitivity analyses, meta-regression, and alternative modelling strategies (i.e., random versus fixed 
effects). Statistically significant improvement in A1C was also observed for patients who received biphasic 
insulin as monotherapy or in combination with metformin. The evidence for basal insulin as monotherapy 
or in combination with metformin or sulfonylureas was limited to single RCTs with important 
methodological limitations. Overall, the amount and quality of evidence was inadequate to draw 
conclusions regarding the relative efficacy of add-on, partial-switch, or full-switch treatment strategies in 
the initiation of insulin.   
 
When added to metformin and sulfonylurea therapy, treatment with basal insulin, biphasic insulin, rapid-
acting insulin analogues, or TZDs resulted in statistically significantly greater increases in body weight 
than treatment with metformin and sulfonylurea alone. Increased weight gain was also observed with 
basal and biphasic insulins when used as monotherapy, or in combination with metformin or a 
sulfonylurea alone. MTC results demonstrated that DPP-4 inhibitors and α-glucosidase inhibitors were 
weight neutral and that GLP-1 analogues were associated with statistically signficant weight loss. There is 
no universally accepted minimal clinically important difference for body weight, although 5% is the 
smallest change cited as being of clinical importance in the literature.8,111-113  Based on the overall weight 
of the patients included in the MTC analysis (weighted mean 87.0 kg), the only drug class that exceeded 
a change of 5% relative to placebo was bolus insulin (5.7%). However, two comparisons between GLP-1 
analogues, which were associated with weight loss, and oral agents also exceeded the 5% threshold: 
TZDs (5.4%) and biphasic insulins (5.7%).   
 
Given the large differences in baseline overall hypoglycemia event rates in the control (i.e., metformin 
plus sulfonylurea) arms across studies, MTC meta-analysis was not conducted for this outcome. 
Furthermore, definitions of hypoglycemia were variable and often not reported in the included clinical 
trials. These issues are commonly encountered in diabetes studies and make it difficult to accurately 
compare hypoglycemia data across trials.114 The various insulin-containing strategies were typically 
associated with a greater risk of hypoglycemia relative to other active comparators. Biphasic and bolus 
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insulins were associated with a significantly greater risk of hypoglycemia than basal insulin. When given 
in combination with metformin and sulfonylureas, TZDs, GLP-1 analogues, and DPP-4 inhibitors were 
associated with a significantly greater number of patients experiencing hypoglycemia than placebo. In 
contrast, CADTH’s analysis of second-line therapy found no increased risk of hypoglycemia when these 
agents are administered in combination with metformin alone, suggesting that combined use with 
sulfonylureas may potentiate risk.2  
 
Events of severe hypoglycemia were relatively rare for all drug classes including the insulins (no events 
reported in 35 out of 52 treatment arms), limiting the statistical power to make comparisons across drug 
classes. Bolus insulin was shown to be associated with more events of severe hypoglycemia than basal 
insulin. Nocturnal hypoglycemia was infrequently reported in the included trials. More patients reported 
nocturnal hypoglycemia with biphasic insulin in comparison with basal insulin, and with basal insulin in 
comparison with TZDs or GLP-1 analogues.   

 
The GLP-1 analogues, exenatide and liraglutide, were associated with significantly more withdrawals due 
to adverse events relative to comparators (i.e., placebo, insulin glargine, or biphasic insulin aspart). 
Nausea and vomiting were cited as the primary reasons for withdrawal.  There were no significant 
differences between treatment strategies in the occurrence of serious or severe adverse events in the 
included RCTs, although the power to detect differences was limited due to the small number of events. A 
supplementary section on the potential harms and safety issues related to the therapeutic agents 
included in this review can be found in Appendix 14. This section contains data from observational 
studies, FDA warnings, and large RCTs that did not meet the inclusion criteria for this review. Among the 
key findings from this literature review were that both randomized115-117 and non-randomized118,119 studies 
have found significantly more upper and distal lower limb fractures among women taking TZDs than those 
taking controls (generally placebo, metformin, and/or a sulfonylurea). Furthermore, RCTs, including the 
RECORD116 and ADOPT117 studies, reported significantly higher rates of congestive heart failure in 
patients taking rosiglitazone relative to comparatives and a meta-analysis120 of pioglitazone. RCTs also 
reported an increased risk of congestive heart failure. Due to their recent introduction to the market, there 
is little information available on the long-term safety of DPP-4 inhibitors and GLP-1 analogues. Post-
market studies are currently underway to obtain more information concerning the safety of these 
agents.121     

 

5.3 Knowledge Gaps 
There was insufficient evidence to draw conclusions regarding the relative safety and efficacy of 
discontinuing metformin and/or sulfonylureas when initiating insulin therapy, nor did any studies compare 
third-line agents after discontinuation of metformin or sulfonylureas due to intolerance. 

 
Evidence for the DPP-4 inhibitor class was limited to a single RCT with sitagliptin; there were no trials 
involving saxagliptin, nor vildagliptin (which was not approved by Health Canada at the time of this 
therapeutic review). 
 
There was no evidence regarding the comparative efficacy of third-line agents in children with type 2 
diabetes or the following subgroups of interest: First Nations people, other ethnic minorities, or seniors ≥ 
75 years of age. In addition, only a single RCT reported a subgroup analysis of patients ≥ 65 years of 
age. Studies in First Nations and the elderly are especially pertinent given the high prevalence of diabetes 
in these populations. 

 

5.4 Strengths and Limitations of the Review 
This is the first systematic review to simultaneously assess the relative safety and efficacy of available 
treatments for third-line antidiabetes therapy using both direct and indirect evidence, specifically in 
patients with type 2 diabetes who are inadequately controlled with metformin and sulfonylurea 
combination therapy. The review was conducted according to a protocol specified in advance, using 
standardized, reproducible methods for identification of evidence, data abstraction, quality assessment, 
and analysis. Unlike previous systematic reviews of therapies for type 2 diabetes,101,102,122-124 this review 
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included every drug class available for the treatment of type 2 diabetes after inadequate control with 
metformin and sulfonylureas.   
 
Despite the aforementioned strengths, a number of limitations related to the available evidence warrant 
discussion. There was relatively little evidence for the effect of third-line agents on long-term diabetes-
related complications, quality of life, or mortality. Hemoglobin A1C, a surrogate outcome for long-term 
complications, was the primary outcome reported in the vast 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.125,126  The evidence on hypoglycemia was primarily related to overall 
hypoglycemia, an outcome of uncertain clinical significance that was inconsistently defined across 
studies. Further study is required to determine whether differences exist between third-line agents 
regarding the risk for clinically meaningful hypoglycemia events.   
 
A majority of RCTs were assessed as having significant methodological limitations (e.g., improper 
reporting of allocation concealment or failure to provide an intention to treat analysis) and were less than 
one year in duration. Longer, high-quality studies are required to evaluate the comparative efficacy of 
third-line agents over the long-term in terms of clinically relevant end points.    
 
There was significant variability in the reporting of metformin and sulfonylurea dosing at baseline, with 
most RCTs failing to report this information. Furthermore, several studies only required half-maximum 
dosing of sulfonylureas before subjects were considered to have failed therapy. These limitations could 
affect the relative efficacy of third-line treatment strategies, and even compromise the generalizability of 
results. For example, patients who were inadequately controlled on maximally-tolerated doses of 
metformin and a sulfonylurea, may experience a lesser response to third-line therapy than a patient who 
was receving sub-maximal therapy, since the former patient is more likely to have more long-standing, 
treatment-resistant disease.  
 
There were also several issues with the external validity of trials, such as relatively short durations, limited 
statistical power due to small sample sizes, failure to provide definitions for outcomes such as 
hypoglycemia and adverse events, contact with health care professionals that likely exceeded that 
encountered in routine clinical practice, and blood glucose targets different from those commonly 
employed in Canadian clinical practice. Furthermore, the population of interest for this review consisted of 
patients inadequately controlled with metformin and a sulfonylurea. However, the study populations in 
most identified trials included patients who may have received various antidiabetes drugs prior to the use 
of metformin and sulfonylurea combination therapy. The applicability of study results to the population of 
interest may therefore be somewhat limited. However, the robustness of the results in meta-regression 
analyses to adjust for differences in duration of diabetes or baseline A1C, both of which are likely 
important predictors of treatment efficacy, mitigate such concerns to some degree.   

 
MTC meta-analysis involves pooling of trials within and between pairwise contrasts. To avoid the 
introduction of bias, it is imperative that clinical and methodological variation across studies is minimized. 
If variability does exist, assessment of its effects on MTC results is required. We observed variability in 
study and subject characteristics that may be important predictors of treatment effect including baseline 
A1C, baseline body weight, duration of diabetes, and study length. To address these, we performed 
alternative modelling, meta-regression analyses, and sensitivity analyses. Results from these analyses 
were consistent with each other and with the reference case, hence the observed variability across 
included studies did not appear to introduce an appreciable degree of bias. Furthermore, direct and 
indirect estimates were in close alignment.   
 
Nevertheless, differences across trials in terms of other factors could have introduced bias in the MTC 
analysis. For example, the glycemic targets used in individual trial protocols varied somewhat between 
RCTs. It is possible that trials with more aggressive glycemic targets achieved larger effect sizes than 
those with more modest glycemic targets. An attempt to adjust for this source of heterogeneity through 
meta-regression was unsuccessful because of the lack of consistency in how targets were defined, 
although qualitative analysis did not reveal any consistent patterns regarding effect sizes and glycemic 
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targets. The possibility that differences in additional unmeasured or unreported factors contributed to bias 
in the MTC analysis cannot be entirely discounted. 

 

6 CONCLUSIONS 

There was insufficient evidence to evaluate the comparative efficacy of any class of third-line antidiabetes 
drugs in terms of reducing clinically important long-term complications of diabetes. Compared with 
continued treatment with metformin and sulfonylureas, DPP-4 inhibitors, GLP-1 analogues, TZDs, and 
bolus insulin produced statistically significant reductions in A1C in combination with metformin and 
sulfonylureas; whereas, meglitinides and alpha-glucosidase inhibitors did not. Basal insulin, biphasic 
insulin, bolus insulin, and TZDs all resulted in an increase in body weight, but DPP-4 inhibitors, alpha-
glucosidase inhibitors, and GLP-1 analogues were not associated with significant weight gain. The 
various insulin-containing strategies were typically associated with a greater risk of hypoglycemia relative 
to other active comparators. Rigourously conducted, longer-term studies with larger sample sizes will be 
required to determine if any of the drug classes are superior with regards to reducing diabetes-related 
complications.  Given the similar efficacy in terms of glycemic control, a cost-effectiveness analysis is also 
warranted to help define the place in therapy for the various drug classes.  
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APPENDIX 1: 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. 
 
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. 
 
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 indicate a better fitting model with a difference greater than two indicating a much 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 effect 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. 
 
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). 
 
Ischemic heart disease: Heart disease, due to inadequate blood perfusion of the myocardium, which 
causes an imbalance between oxygen supply and demand. 
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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.  
 
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.  
 
Posterior distribution: A distribution that embodies both the prior distribution and the observed data 
information.  
 
Prior distribution: A distribution that expresses information available to the researcher before any ‘data’ 
are involved in the statistical analysis. 
 
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 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. 
 
 



 

Therapeutic Review Report: Clinical Review 59

APPENDIX 2: PROTOCOL 

1. METHODS 
 

 a. Reviewer Information 
 Therapeutic Review of Clinical Trials and Review in Brief were prepared by two CADTH 

clinical reviewers in consultation with an external clinical expert specializing in 
endocrinology. 

 Background Information on the Condition (Appendix 2) was prepared by an external 
clinical expert specializing in endocrinology. 

 
 b. Development of Research Questions 

 
The research questions were developed jointly by jurisdictions, expert committee members, 
the external clinical expert and CADTH clinical reviewers in consultation with 
pharmacoeconomic reviewers.   

 
 c. Literature Search Methods 

 
The literature search was performed by a CADTH information specialist using a peer-
reviewed 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 vocabulary, such as the National Library of 
Medicine’s MeSH (Medical Subject Headings), and keywords. Methodological filters were 
applied to limit retrieval to randomized controlled trials (see web appendix for detailed search 
strategies). The search was restricted to English language clinical articles published from 
1980 to May 2009. Monthly OVID AutoAlerts were established to update the search until 
therapeutic review recommendations are made. 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. 
 

 d. Study Selection 
 
Each CADTH clinical reviewer independently selected studies for inclusion in the review 
according to the predetermined protocol. Reviewers independently made the final selection of 
studies to be included in the review and differences were resolved through discussion. A list 
of included and excluded studies (with reasons) is provided in Appendix 7. 
 
Active and placebo-controlled RCTs were selected for inclusion if they were published in 
English, reported relevant outcomes, and involved patients inadequately controlled on 
combination therapy with metformin and a sulfonylurea. We included all study populations 
where patients received third-line agents as add-on to, or switch from, metformin and 
sulfonylurea therapy regardless of treatment history prior to combination therapy with 
metformin and sulfonylureas.  Studies were excluded if: more than 15% of the patients used 
a therapeutic regimen other than combination therapy with metformin and sulfonylureas at 
baseline, and no results were reported for the subgroup of metformin users; or treatment 
duration was less than four weeks.  
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 e. Quality Assessment  
 
Quality assessment of RCTs was conducted independently by two reviewers, with a third 
reviewer used to resolve disputes.  Assessment of study bias was performed using the SIGN-
50 instrument for interval validity.127  External validity was assessed using a predetermined 
checklist of criteria.   

 
f. Data Analysis 

 
Bayesian MTC meta-analysis and frequentist pairwise meta-analysis was performed where 
appropriate.  A random-effects model was used for the reference case of all pairwise and 
MTC meta-analyses, since there was a certain degree of variability in trial duration, dosing of 
agents, baseline characteristics, and treatment history of the included patients. MTC meta-
analyses and pairwise meta-analyses were conducted for hemoglobin A1C and body weight.  
Only study level detail is presented for the remaining outcomes due to the following: limited 
number of available studies; small number of events; and/or clinical/methodological 
heterogeneity between available studies.  In the case of severe hypoglycemia and 
severe/serious adverse events, MTC analyses could not be conducted due to the zero event 
rates observed in many studies.   
 
WinBUGS (MRC Biostatistics Unit, Cambridge, UK) was used for all MTC meta-analyses 
according to the routine developed by researchers from the universities of Bristol and 
Leicester (www.bris.ac.uk/cobm/research/ mpes/). Metformin and sulfonylurea combination 
therapy (with placebo) was chosen as the reference group for all MTC analyses. Posterior 
densities for all unknown parameters were estimated using Markov Chain Monte Carlo 
(MCMC) methods. Prior distributions were assigned non-informative or vague distributions. 
Point estimates and 95% credible intervals were used to summarize all findings. The 
probability of a drug class being the optimal treatment was estimated for each outcome 
based on the proportion of MCMC simulations in which its relative measure of effect was 
best. The mean rank of each drug class based on the proportion of MCMC simulations was 
also calculated. Inconsistency between direct and indirect estimates of effect was assessed 
using the statistical software package R, using a function 
(http://users.uoi.gr/hyepilab/assets/pdfs/help%20on%20MTcoherence.fun.pdf) assessing 
each closed loop of the network according to the method of Bucher. Model diagnostics 
including trace plots and the Brooks-Gelman-Rubin statistic were assessed to ensure model 
convergence. Two chains were fit in WinBUGS for each analysis. Each chain employed a 
total of 20,000 or more iterations, with a burn-in of 20,000 or more iterations. 
 

g. Writing of the Review Report 
 The review report was written by one CADTH clinical reviewer with input from the second 

CADTH clinical reviewer and the external clinical expert. 
 A detailed internal review of the review report was undertaken. 
 Comments were received from peer and external reviewers. 
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PROTOCOL FOR PRIMARY RESEARCH QUESTION 
 
a. Systematic Review 

 
Objective(s) 
The objective of this review is to assess the comparative efficacy and safety of third-line antidiabetes 
drugs in children and adults with type 2 diabetes mellitus treated with a combination of metformin and 
sulfonylureas who:  

 require additional or alternative glucose-lowering therapy because of inadequate glycemic control 
on existing therapy (i.e., glycosylated hemoglobin [A1C] > 6.5% or fasting plasma glucose [FPG] 
> 7 mmol/L or two-hour post-prandial glucose > 10 mmol/L) 

 require a switch to another glucose-lowering agent(s) because of inadequate glycemic control 
(i.e., A1C > 6.5% or FPG > 7 mmol/L or two-hour post-prandial glucose > 10 mmol/L) 

 require a switch to another glucose-lowering agent(s) because of intolerable adverse effects or 
the development of contraindications to metformin and/or sulfonylureas 
 

Selection Criteria 
A study was included if it met all of the inclusion criteria and none of the exclusion criteria summarized in 
table 20.  
 

Table 18: Inclusion and Exclusion Criteria for Primary Studies 
Inclusion criteria 
Population Patients with type 2 diabetes mellitus inadequately controlled on combination therapy 

with metformin and sulfonylureas 
Interventions One or more of the agents listed table 1 was added to the combination therapy of 

metformin and sulfonylurea or the second line combination therapy was switched to 
one or more of the third line agents listed table 1. 

Comparators  metformin (any dose) + sulfonylurea (any dose) + placebo 
 metformin (any dose) + sulfonylurea (any dose) + intervention from table 1 
 metformin (any dose) + intervention from table 1 
 Intervention from table 1 
 Increased dose of metformin + increased dose of sulfonylurea  

Outcomes  Glycemic control: hemoglobin A1C  
 Long-term clinical complications of diabetes: congestive heart failure; ischemic 

heart disease; stroke/transient ischemic attack; peripheral vascular disease; 
retinopathy; nephropathy; neuropathy; mortality  

 Short-term complications of diabetes or antidiabetes treatment: overall 
hypoglycemia; severe hypoglycemia; nocturnal hypoglycemia; hyperosmolar 
hyperglycemic non-ketotic coma 

 Quality-of-life: health-related quality-of-life (generic or diabetes specific) 
 Patient satisfaction: patient satisfaction with diabetes care; patient satisfaction with 

diabetes treatment 
 Other: weight, body mass index; serious/severe adverse events; pancreatitis; upper 

extremity fractures; macular edema  
Study design RCTs (including parallel, crossover, placebo-controlled, active comparator)  
Exclusion criteria 
 
 
 
 
 
 
 
 

 More than 15% of the sample used drugs other than metformin and sulfonylurea 
without a subgroup analysis for patients inadequately controlled on combination 
therapy with metformin and sulfonylureas* 

 Studies evaluating the switch from combination therapy to another antidiabetes 
drug(s) in which the comparator was placebo or no antidiabetes therapy (i.e., no 
active comparator) 

 Studies with a duration of less than four weeks 
 Non-English publications 

*Given an absence of published information, this was based on clinical opinion 



 

Therapeutic Review Report: Clinical Review 62

APPENDIX 3: LITERATURE SEARCH STRATEGY  

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 [DATE]. 

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 

 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 21187-98-
4).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. 
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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. 

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 novo-
metformin or nu-metformin or pms-metformin or ran-metformin or ratio-metformin or 
rhoxal-metformin or sandoz metformin).ti,ab. 
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71 

(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. 

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 

 EMBASE 

1 *Diabetes Mellitus/ 

2 *Maturity Onset Diabetes Mellitus/ 

3 *Non Insulin Dependent Diabetes Mellitus/ 

4 *Lipoatrophic Diabetes Mellitus/ 

5 ((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. 

6 (Mody or niddm or t2dm).ti,ab. 

7 or/1-6 

8 Metformin/ 

9 Metformin.ti,ab. 

10 (dimethylguanylguanidine or dimethylbiguanidine or glucophage).ti,ab. 

11 (657-24-9 or 1115-70-4).rn. 

12 
(apo-metformin or apotex or genmetformin or glucophage or glumetza or novo-
metformin or nu-metformin or pms-metformin or ran-metformin or ratio-metformin or 
rhoxal-metformin or sandoz metformin).ti,ab. 

13 
(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. 

14 

(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. 

15 or/8-14 

16 Antidiabetic agent/ 

17 Oral Antidiabetic agent/ 

18 
((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. 

19 exp *glitazone derivative/ 

20 (glitazone* or thiazolidinedione* or pioglitazone or rosiglitazone or actos or avandia or 
avandamet or avandaryl).ti,ab. 

21 (122320-73-4 or 155141-29-0).rn. 

22 exp *Dipeptidyl Peptidase IV Inhibitor/ 

23 (Sitagliptin or januvia or Vildagliptin or galvus or gliptin or incretin agent* or Exenatide 
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or byetta or Liraglutide or victoza).ti,ab. 

24 (486460-32-6 or 274901-16-5 or 141758-74-9 or 204656-20-2).rn. 

25 (dpp adj IV adj inhibitor*).ti,ab. 

26 (Dipeptidyl-Peptidase adj IV adj inhibitor*).ti,ab. 

27 DPP-4 inhibitors.ti,ab. 

28 dipeptidyl peptidase-4 inhibitors.ti,ab. 

29 exp *sulfonylurea derivative/ 

30 

(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. 

31 (64-77-7 or 1156-19-0 or 94-20-2 or 29094-61-9 or 10238-21-8 or 93479-97-1 or 21187-98-
4).rn. 

32 exp *"Alpha Glucosidase Inhibitor"/ 

33 (acarbose or glucobay or precose or prandase or akarbose or miglitol* or glyset or 
diastabol or voglibose).ti,ab. 

34 (56180-94-0 or 72432-03-2 or 83480-29-9).rn. 

35 ((alph* adj glucos* adj inhibit*) or (alf* adj glucos* adj inhibit*)).ti,ab. 

36 Lipase inhibitor/ 

37 *Tetrahydrolipstatin/ 

38 *Sibutramine/ 

39 (Orlistat or Xenical or Tetrahydrolipstatin or Sibutramine or meridia).ti,ab. 

40 (96829-58-2 or 106650-56-0).rn. 

41 (lipase adj inhibit*).ti,ab. 

42 *Meglitinide/ 

43 *Repaglinide/ 

44 *Nateglinide/ 

45 (repaglinide or nateglinide or Meglitinide* or prandin or gluconorm or starlix or 
novonorm).ti,ab. 

46 (135062-02-1 or 105816-04-4).rn. 

47 *Pramlintide/ 

48 (Pramlintide or symlin).ti,ab. 

49 (amylin adj analog*).ti,ab. 

50 151126-32-8.rn. 

51 

*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/ 

52 (long acting insulin* or long acting analog* or slow* acting insulin* or slow* acting 
analog*).ti,ab. 

53 (glargine or Lantus or Optisulin or hoe 901 or 160337-95-1).ti,ab,rn. 

54 (detemir or determir or Levemir or nn 304 or 169148-63-4).ti,ab,rn. 

55 (nph insulin or humulin or novolin).ti,ab. 

56 11061-68-0.rn. 

57 (short acting insulin* or quick acting insulin* or rapid acting insulin* or rapidly acting 
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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. 

58 (Lispro or Lyspro or Humalog or Liprolog or 133107-64-9).ti,ab,rn. 

59 (Insulin Aspart or 116094-23-6 or NovoLog or NovoRapid or NovoMix).ti,ab,rn. 

60 (Glulisine or 207748-29-6 or Apidra).ti,ab,rn. 

61 or/16-60 

62 7 and 15 and 61 

63 Randomized Controlled Trial.pt. 

64 Randomized Controlled Trials as Topic/ 

65 Randomized Controlled Trial/ 

66 Randomization/ 

67 Random Allocation/ 

68 Double-Blind Method/ 

69 Double Blind Procedure/ 

70 Double-Blind Studies/ 

71 Single-Blind Method/ 

72 Single Blind Procedure/ 

73 Single-Blind Studies/ 

74 Placebos/ 

75 Placebo/ 

76 (random* or sham or placebo*).ti,ab,hw. 

77 ((singl* or doubl*) adj (blind* or dumm* or mask*)).ti,ab,hw. 

78 ((tripl* or trebl*) adj (blind* or dumm* or mask*)).ti,ab,hw. 

79 or/63-78 

80 62 and 79 

81 limit 80 to english language 

 
Line # Searches 

 Cochrane Central Register of Controlled Trials 

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. 
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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-
98-4).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. 

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 or/42-44 

46 41 and 45 

47 Metformin/ 
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48 Metformin.ti,ab. 

49 (dimethylguanylguanidine or dimethylbiguanidine or glucophage).ti,ab. 

50 
(apo-metformin or apotex or genmetformin or glucophage or glumetza or novo-
metformin or nu-metformin or pms-metformin or ran-metformin or ratio-metformin or 
rhoxal-metformin or sandoz metformin).ti,ab. 

51 
(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. 

52 

(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. 

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 [DATE]. 

Study Types: No limits  

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 
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.hw Heading Word; usually includes subject headings and controlled vocabulary   

.pt Publication type 

.rn CAS registry number 

 
Line # Searches 

 MEDLINE 

1 (saxagliptin or onglyza or bms 477118 or bms-477118 or bms477118 or 3-
hydroxyadamantylglycine-4,5-methanoprolinenitrile).ti,ab,rn. 

2 (361442-04-811 or 945667-22-111).rn. 

3 or/1-2 

4 from 3 keep 1-19 

5 limit 4 to (english language and yr="1980 -Current") 

 
Line # Searches 

 EMBASE 

1 (saxagliptin or onglyza or bms 477118 or bms-477118 or bms477118 or 3-
hydroxyadamantylglycine-4,5-methanoprolinenitrile).ti,ab,rn. 

2 (361442-04-811 or 945667-22-111).rn. 

3 saxagliptin/ 

4 or/1-3 

5 limit 4 to english language 

 
Line # Searches 

 Cochrane Central Register of Controlled Trials 

1 (saxagliptin or onglyza or bms 477118 or bms-477118 or bms477118 or 3-
hydroxyadamantylglycine-4,5-methanoprolinenitrile).ti,ab,rn. 

2 [(361442-04-811 or 945667-22-111).rn.] 

3 saxagliptin/ 

4 or/1-3 

 

OTHER DATABASES 

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

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 anti diabetes agents, anti diabetic 
agents, type 2 diabetes. All keywords associated with each included drug 

Limits: Publication years 1980-present 
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This section lists the main agencies, organizations, and websites searched; it is not a complete list.  

Institute of Health Economics  

http://www.ihe.ca/ 

Agence d’Evaluation 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/ 

The Therapeutics Initiative. Evidence-Based Drug Therapy. University of  

BritishColumbia.  

http://www.ti.ubc.ca 

Health Quality Council. Saskatchewan. 

http://www.hqc.sk.ca/  

International Network for 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 

NHS Health Technology Assessment /National Coordinating Centre for Health Technology Assessment 
(NCCHTA). 

http://www.hta.ac.uk/   (E) 

NHS National Institute for Clinical Excellence (NICE) 

http://www.nice.org.uk  

Agency for Healthcare Research and Quality  (AHRQ) 

http://www.ahrq.gov/clinic/techix.htm  

AHRQ. Effective Health Care Program. Reports. http://effectivehealthcare.ahrq.gov/index.cfm   

ECRI  

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 
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DERP 

http://www.ohsu.edu/ohsuedu/research/policycenter/DERP/products.cfm 

Veterans Affairs. Drug Class Reviews (U.S.) 
http://www.pbm.va.gov/DrugClassReviews.aspx 

Saskatoon Health Regions 

http://www.rxfiles.ca/rxfiles/modules/druginfoindex/druginfo.aspx 

Clinical Trials Database (U.S. National Institutes of Health) 

http://clinicaltrials.gov/ct/gui  

Current Controlled Trials  

http://www.controlled-trials.com/ 

National Research Register. U.K. Dept. of Health. 

http://www.update-software.com/national/ 

WHO - 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 

http://www.euro-endo.org/   

Society for Endocrinology 

http://www.endocrinology.org/   

European Society for Paediatric Endocrinology 

http://www.eurospe.org/   

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  

European Association for the Study of Diabetes (EASD) 

http://www.easd.org/    

Association of British Clinical Diabetologists 

www.diabetologists.org.uk  
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Primary Care Diabetes Europe (PCDE)  

http://www.pcdeurope.org   

International Diabetes Federation 

www.idf.org/home  

 

Search Engines 

Google 

http://www.google.ca/ 
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APPENDIX 4: QUORUM FLOW DIAGRAM  

 
 

 

2856 records screened

126 full-text articles and conference abstracts assessed for eligibility 

2730 records excluded 

90 full-text articles excluded 
 Population not of interest (78) 
 Study design not of interest (6) 
 Duplicate publication (2) 
 Weight loss agents (4) 

36 full-text articles describing unique 33 RCTs included
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APPENDIX 5: INCLUDED AND EXCLUDED STUDIES 

a.  Included Studies 
 
Aljabri et al, 200410 Janka et al, 200511 
Al-Shaikh, 200612 Janka et al, 200713 
Bergenstal et al, 200914 Kendall et al, 200515 
Berhanu et al, 200716 Ko et al, 200617 
Boye et al, 200618 Lam et al, 199819 
Charpentier et al, 200920 Lopez-Alvarenga et al, 199921 
Dailey  et al, 200422 Milicevic et al, 200923 
Davies et al, 200724 Nauck et al, 200725 
De Mattia et al, 200926 Ovalle et al, 200427 
Derosa et al28 Reynolds et al, 200729 
Dorkhan et al, 200930 Rosenstock et al, 200631 
Esposito et al, 200832 Ross et al, 200133 
Gao et al, 200934 Russel-Jones et al, 200935 
Goudswaard et al, 200436 Standl et al, 200137 
Hartemann-Heurtier et al, 200938 Stehouwer et al, 200339 
Heine et al, 200540 Strojek et al, 200945 
Hermansen et al, 200741 Vinik et al, 200742 
Holman et al, 200743 Yki-Jarvinen et al, 200644 

 
 

b.  Excluded Studies 
 
Rosskamp et al, 2003128 Population not of interest 
Altuntas et al, 2003129 Population not of interest 
Kilo et al, 2003130 Population not of interest 
Kokic et al, 2003131 Population not of interest 
Hermansen et al, 2006132 Population not of interest 
Jacober et al, 2006133 Population not of interest 
Kann et al, 2006134 Population not of interest 
Malone et al, 2004135 Population not of interest 
Brod et al, 2007136 Population not of interest 
Jacob et al, 2007137 Population not of interest 
Derosa et al, 2006138 Population not of interest 
Fonseca et al, 2006139 Population not of interest 
Isa et al, 2006140 Population not of interest 
Goke et al, 2002141 Population not of interest 
Bretzel et al, 2008142 Population not of interest 
Rosenstock et al, 2008143 Population not of interest 
Dorkhan et al, 2008144 Population not of interest 
Raskin et al, 2005145 Population not of interest 
Nauck et al, 2009146 Population not of interest 
Papa et al, 2008147 Population not of interest 
Klonoff  et al, 2008148 Study design not of interest 
Ushakova et al, 2007149 Population not of interest 
Labrousse-Lhermine et al, 2007150 Population not of interest 
Home et al, 2007151 Population not of interest 
Kuo et al, 2006152 Weight loss agents 
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Blonde et al, 2006153 Study design not of interest 
Wang et al, 2005154 Weight loss agents 
Douek et al, 2005155 Population not of interest 
Berne et al, 2005156 Weight loss agents 
Reboussin et al, 2004157 Population not of interest 
Derosa et al, 2004158 Population not of interest 
Furlong et al, 2003159 Population not of interest 
Fineman et al, 2003160 Population not of interest 
Gokcel et al, 2001161 Weight loss agents 
Sotaniemi et al, 1990162 Population not of interest 
Malone, 2005163 Population not of interest 
Aljabri et al, 2003164 Duplicate 
Houlden et al, 2007165 Population not of interest 
Raskin et al, 2007166 Population not of interest 
Dormandy et al, 2005167 Population not of interest 
Massi et al, 2003168 Population not of interest 
Olsson et al, 2002169 Population not of interest 
Zinman et al, 2009170 Population not of interest 
Buse et al, 2009171 Population not of interest 
Velojic-Golubovic et al, 2009172 Study design not of interest 
Buse et al, 2009173 Population not of interest 
Raskin et al, 2009174 Population not of interest 
Raskin et al, 2009175 Duplicate 
Raskin et al, 2009176 Population not of interest 
Derosa et al, 2008177 Population not of interest 
Civera et al, 2008178 Population not of interest 
Robbins et al, 2007179 Population not of interest 
Vahatalo et al, 2007180 Population not of interest 
2006181 Population not of interest 
Chow et al, 1995182 Population not of interest 
Miyashita et al, 2008183 Population not of interest 
Eermann et al, 2007184 Population not of interest 
Martens et al, 2005185 Population not of interest 
Soonthornpun et al, 1998186 Population not of interest 
Rodier et al, 1995187 Population not of interest 
Malloy et al, 2009188 Population not of interest 
Zinman et al, 2009189 Population not of interest 
Biswas et al, 2008190 Population not of interest 
Meneghini et al, 2009191 Population not of interest 
Hollander et al, 2009192 Study design not of interest 
Shaqdan et al, 2009193 Population not of interest 
Schmidt et al, 2009194 Population not of interest 
Jogi et al, 2009195 Population not of interest 
Vilsboll et al, 2009196 Population not of interest 
Hsia et al, 2009197 Study design not of interest 
Verges et al, 2009198 Study design not of interest 
Swinnen et al, 2009199 Population not of interest 
Franek et al, 2009200 Duplicate  



 

Therapeutic Review Report: Clinical Review 77

APPENDIX 6: SUPPLEMENTAL RESEARCH 
QUESTION 1: VALIDITY OF HEMOGLOBIN A1C AS A 
SURROGATE OUTCOME 

Issues considered in this section were provided as supporting information. The information has 
not been systematically reviewed. 
 

1. Objective 

To review the evidence for the use of hemoglobin A1C in predicting diabetes related morbidity, 
including micro and macrovascular complications 

 
2. Findings 

Hemoglobin A1C is often used as a surrogate marker for diabetes complications and diabetes-
related mortality in RCTs.  Therefore it is important to clarify the relationship between glycemic 
control and patient-related diabetes outcomes in type 2 diabetes such as mortality, 
macrovascular events and microvascular events.   
 
Type 2 diabetes mellitus and the UKPDS201 
The UKPDS was a 14-year (1977-1991) prospective, randomized, multi-centre, controlled clinical 
trial in newly-diagnosed patients with type 2 diabetes (aged 25-65 years) that was designed to 
determine whether intensive glycemic management using a sulfonylurea or insulin vs. 
conventional management with diet lowered the risk of microvascular and macrovascular 
complications. The UKPDS enrolled 3,867 newly diagnosed patients with type 2 diabetes (median 
age: 54 [48 to 60] years old).  These patients were randomly assigned to an intensive policy with 
a sulphonylurea (chlorpropamide or glyburide) or with insulin, or to conventional therapy with diet 
over 10 years.  In the conventional arm, drugs were added if there were hyperglycemic symptoms 
or FPG > 15 mmol/L.  
 
In the main analysis of the UKPDS, the median A1C was significantly lower in the intensive policy 
arm compared with the conventional after ten years (7% vs. 7.9%, p < 0.0001), which was 
associated with a 12% reduction in any diabetes-related endpoint.  The number needed to treat 
(NNT) to prevent one patient developing any of the single endpoints over 10 years was 20 
patients (95% CI: 10-500). Patients in the intensive treatment had a significant 25% risk reduction 
in the microvascular endpoints (p = 0.0099) compared with conventional treatment, most of which 
was due to fewer cases of retinal photocoagulation. The risk reduction was non-significant for 
myocardial infarction (p = 0.052), but significant for cataract extraction (p = 0.046). There was no 
significant difference among the three intensive treatments (chlorpropamide, glibenclamide or 
insulin) on microvascular endpoints or the risk reduction for retinal coagulation.  There was no 
significant difference between intensive and conventional therapies in the following aggregate 
endpoints: any diabetes-related death (risk reduction: 10% [95% CI: -11 to 27], p=0.34) or for all-
cause mortality (risk reduction: 6% [95% CI: -10 to 20], p=0.44).  The only RCT data from the 
UKPDS to demonstrate a reduction in macrovascular events was an unplanned cohort analysis 
conducted in a subgroup of overweight patients, comparing intensive control with metformin vs. 
conventional control.57 

 
Regression analyses of these data were conducted in UKPDS 35202 and are quoted in clinical 
practice guidelines.8 They demonstrated a significant reduction of 21% in the risk of death due 
related to diabetes per 1% absolute decrease in A1C.  A 37% risk reduction in combined 
microvascular endpoints as well as a 43% reduction in amputation per 1% reduction in A1C was 
also reported.  No thresholds were evident for any complications. Of note, the analysis was not 
adjusted for body mass index or waist circumference.  Therefore, there is epidemiological data 
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from observational analyses to support an association between A1C and microvascular and 
macrovascular complications.   
 
The design and analysis of the UKPDS have been criticized for the lack of pre-defined study 
duration, numerous interim analyses and multiple comparisons, rescue protocols that diluted 
differences between treatment arms and changes in the definitions of outcomes as the study 
progressed.  As well, the main driver of the observed benefits of intensive glycemic control was 
reduced risk of photocoagulation.  Because the UKPDS was not a blinded study, the possibility of 
bias in the perceived need for this procedure cannot be discounted.203-205  
 
UKPDS Extension study (UKPDS-80)206 
Of the 3,867 patients originally randomized, 2,998 patients enrolled in a post-trial monitoring 
programme that lasted an additional 10 years.  The patients were not required to maintain their 
previously assigned therapies.  Patients were followed in clinics for the first five years of this 
extension study, and for years six to 10, patient data was collected through questionnaires.   
 
The median follow-up time at the beginning of the extension study was 16.8 years 
sulfonylurea/insulin group and these patients were followed for an additional 8.5 years (median) 
in the extension study.  At the beginning of the extension study, patients who were previously in 
the intensive therapy arm had lower A1C than those who were in the conventional therapy arm 
(median: 7.9% vs 8.5%).  Differences in mean A1C between the intensive therapy and 
conventional therapy groups were lost within the first year of the extension study.  Clinical 
outcomes were assessed by blinded committee.  At the end of the extension study, statistically 
significant improvements were seen for the former intensive therapy arm compared to the 
conventional therapy arm for the following outcomes (RR, 95% CI):  any diabetes-related 
endpoint (0.91, 0.83-0.99), diabetes related death (0.83, 0.73-0.96), death from any cause (0.87, 
0.79-0.96), myocardial infarction (0.85, 0.74-0.97) and microvascular disease (0.76, 0.64-0.89).  
There was no difference between the intensive therapy arm and the conventional therapy arm for 
incidence of stroke or incidence of peripheral vascular disease. 
 
In the original UKPDS study, overweight patients were separately randomized to intensive control 
with metformin (n = 342) and conventional treatment with diet (n = 411).201  Of these, 279 and 
309 patients, respectively, were enrolled in the extension study.  At the beginning of the extension 
study, the A1C levels were similar between the metformin and conventional treatment arms 
(median: 8.9% vs 8.4%).  The A1C levels remained similar over the course of the 10 year 
extension study.  At the end of the extension study, statistically significant improvements were 
seen for the intensive metformin arm compared to the conventional treatment arm for the 
following outcomes (RR, 95% CI):  any diabetes related endpoint (0.79, 0.66-0.95), diabetes 
related death (0.70, 0.53-0.92) and myocardial infarction (0.67, 0.51-0.89).  There was no 
difference between the intensive therapy arm and the conventional therapy arm for incidence of 
stroke, incidence of peripheral vascular disease, or microvascular disease in the obese subgroup.   
 
The uncontrolled design of the extension study does have some limitations.  Treatment effects 
are potentially confounded by the numerous other therapies patients may have been exposed to 
over the follow up period.  It is difficult to attribute the results to the originally randomized 
treatment strategies since 10 years had elapsed since those strategies were enforced.  In 
addition, the less-than-strict blood pressure and lipid control used in the trial may not be reflective 
of current standards.207  Nevertheless, the results of the UKPDS extension study have been 
accepted by many observers to suggest that a benefit extends beyond the period during which 
intensive glycemic control is achieved, in newly diagnosed type 2 diabetics.  This so-called legacy 
effect occurred even though A1C levels between the intensive therapy and the conventional 
therapy did not persist beyond 1 year.  It has been theorized that the delayed effect on 
macrovascular outcomes may be due to the cumulative effects of hyperglycemia, but the true 
mechanism remains unknown. 
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Veterans Affairs Diabetes Trial (VADT)207 
In this trial, 1,791 military veterans who had a suboptimal response to therapy for type 2 diabetes 
were randomized to intensive or standard glucose control.  Patients had had type 2 diabetes for a 
mean of 11.5 years, mean baseline A1C was 9.4 and 40% of patients had previously experienced 
a cardiovascular event.  Obese patients were started on metformin and rosiglitazone and non-
obese patients were started on glimepiride plus rosiglitazone.  The goal for A1C was an absolute 
reduction of 1.5% in patients in the intensive therapy group, compared to those in the standard 
therapy group.  Insulin could be added in the intensive therapy arm if needed and any other 
approved medication could be used at the investigator’s discretion.  All patients received aspirin 
and a statin for cholesterol control. 
 
After a median follow-up of 5.6 years, there was no statistically significant difference in the 
primary outcome:  time to the first occurrence of a cardiovascular event (hazard ratio: 0.88, 95% 
CI: 0.74-1.05).  There was no statistically significant difference between the two groups in any 
component of the primary outcome, or in microvascular complications, or in the rate of death from 
any cause (hazard ratio for death from any cause: 1.07, 95% CI: 0.81-1.42).  There was a 
statistically significant difference in progression to albuminuria, favouring the intensive group. 
 
These results would appear, on the surface, to contradict the findings of the UKPDS.  However, 
the population in the VADT had some unique characteristics:  it was predominantly male, subjects 
were all treated for hypertension and hyperlipidemia and patients had longstanding type 2 
diabetes.  The authors of the VADT explain that the cardiovascular event rates were lower than 
anticipated.  The characteristics of the study population may have required a longer follow up in 
order to demonstrate an improvement in macrovascular and microvascular outcomes.   
 
type 2 diabetes and the ACCORD208 and ADVANCE209 trials 
Recently, results were published from the ACCORD (n = 10,251) and the ADVANCE (n = 11,140) 
trials, which were designed to evaluate the effects of intensive versus standard glucose-lowering 
A1C targets in type 2 diabetes on macrovascular outcomes. The A1C target in the intensive 
glucose-lowering group was <6% in the ACCORD trial and 6.5% in the ADVANCE trial.  The 
A1C target in the standard glucose-lowering group was 7 to 7.9% in the ACCORD trial, and 
according to local guidelines target in the ADVANCE trial. In ACCORD, therapeutic regimens 

were individualized at the discretion of the investigators and patients on the basis of study-group 
assignment and the response to therapy. In ADVANCE, the intensive glucose-lowering group 
received gliclazide whereas patients in the standard glucose-lowering group couldn’t use 
gliclazide. Step-wise protocols were suggested for each group that could be used to individualize 
and add-on treatments.  
 
In ACCORD, the trial was terminated early due to an excess risk of all-cause mortality in the 
intensive therapy group compared with the standardtherapy group (hazard ratio: 1.22; 95% CI: 
1.01 to 1.46; P = 0.04). In addition, there was no significant difference between treatment groups 
with respect to the primary study outcome which included three components: nonfatal myocardial 
infarction, nonfatal stroke, or death from cardiovascular causes (hazard ratio: 0.90; 95% CI: 0.78 
to 1.04; P = 0.16). On the other hand, in ADVANCE, there were no significant effects of the type 
of glucose control on death from any cause (hazard ratio with intensive control, 0.93; 95% CI: 
0.83 to 1.06; P = 0.28), death from cardiovascular causes (hazard ratio with intensive control, 
0.88; 95% CI: 0.74 to 1.04; P = 0.12) or major macrovascular events (hazard ratio with intensive 
control: 0.94; 95% CI: 0.84 to 1.06; P = 0.32).  ADVANCE did demonstrate a significant reduction 
in major microvascular events with intensive control compared with standard control (9.4% vs. 
10.9%; hazard ratio: 0.86; 95% CI: 0.77 to 0.97; P = 0.01). A significant driver of the 
microvascular results in ADVANCE was the reduction in risk of new or worsening nephropathy 
(hazard ratio: 0.79, 95% CI: 0.66-0.93).  
 
Due to a number of differences between the two trials, it is difficult to pinpoint the cause of these 
contradictory results.210  For example, patients in ACCORD had more non-glycemic risk factors, 
the rate of glucose lowering was faster in ACCORD, permitted treatments differed between the 
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two trials and frequency of rosiglitazone prescribing was higher in ACCORD, treatment targets 
were lower in ACCORD, duration of follow-up was shorter in ACCORD due to early termination 
and differences in primary endpoints. 
 
Nonetheless, these trials are consistent in finding that maintaining near-normal glycemic control 
over a period of three to five years does not reduce cardiovascular events.  Although this casts 
further doubt on role of A1C as a surrogate outcome for macrovascular disease, this should not 
necessarily be interpreted as due to the lack of importance of glycemic control in diabetes.  
 
Meta-Analysis by Turnbull (2009)211 
The results of the trials described above, UKPDS, ACCORD, ADVANCE and VADT were meta-
analyzed to compare macrovascular event rates for more intensive versus less intensive glucose 
control regimens in patients with type 2 diabetes (N = 27,049).  Statistically significant 
improvements were seen for the more intensive therapy group compared to the less intensive 
group for major cardiovascular events (HR: 0.91, 95% CI: 0.84-0.99) and this result was mainly 
because of reduced risk of myocardial infarction (HR: 0.85, 95% CI: 0.76 to 0.94).  There were no 
reductions seen for overall mortality or cardiovascular death.  Intensively treated subjects had 
more major hypoglycaemic events (HR: 2.48, 95% CI: 1.91 to 3.21).  Exploratory subgroup 
analyses of macrovascular events suggested that patients with major cardiovascular disease did 
not show a benefit for the intensive therapy, but those without major cardiovascular disease did 
show a benefit (HR: 1.00, 95% CI: 0.89 to 1.13, vs HR: 0.84, 95% CI: 0.74 to 0.94).  The effects 
of more versus less intensive glycemic control on major cardiovascular events are summarized in 
the Forest plot below: 

 
The meta-analysis has some limitations because of the heterogeneity of the four included trials.  
These differences included duration of diabetes diagnosis, type of agents used to achieve 
glucose control, duration of follow-up, concomitant cardiovascular drugs, A1C levels at baseline 
and study completion, gender of subjects (VADT), and incidence of hypoglycaemia.  
Nevertheless, this meta-analysis provides the largest pool of data to generate estimates on the 
major cardiovascular effects of intensive glycemic control. 

 
Meta-Analysis by Ray (2009)212 
Ray et al. also conducted a meta-analysis of trials comparing intensive versus non-intensive 
glycemic control that reported cardiovascular outcomes.  They included all trials included by 
Turnbull et al., as well as the PROactive study.167 This trial compared pioglitazone with placebo 
in combination with existing treatments in 5238 patients with type 2 diabetes who had evidence 
of macrovascular disease over a mean follow up of 34 months.  It is noteworthy that, unlike the 
other four studies included in the meta-analysis, PROactive was not a comparison of intensive 
glycemic control with standard control per se.  Nevertheless, the mean reduction in A1C from 
baseline was higher in the pioglitazone arm (0.8%) than the placebo arm (0.3%), p<0.0001.  
The primary endpoint of the study was a composite of: all-cause mortality, non-fatal myocardial 
infarction, stroke, acute coronary syndrome, endovascular or surgical intervention of the 
coronary or leg arteries, or amputation above the ankle.  The main secondary outcome was the 
composite of non-fatal myocardial infarction, all-cause mortality, and stroke.  The hazard ratio 
for the primary endpoint was not statistically significant (HR: 0.90, 95% CI: 0.80 to 1.02), 
although the result for the main secondary outcome was significant in favour of pioglitazone 
(HR: 0.84, 95% CI: 0.72 to 0.98).   
 
Ray et al. reported that the pooled risk of non-fatal myocardial infarction was significantly lower 
in the intensively treated arm versus the standard treatment arm (RR:  0.83, 95% CI: 0.75 to 
0.93), as was the risk of coronary heart disease (RR: 0.85, 95% CI: 0.77 to 0.93).  There were 
no significant differences in the risk of stroke or all-cause mortality.  Overall, the results 
reported by Ray et al. are similar to those of Turnbull et al. – intensive control appears to 
provide modest risk reduction (<20%) for myocardial infarction, but not stroke or all-cause 
mortality.  The limitations of the two analyses are also similar, although inclusion of the 
PROactive study could be considered an additional limitation of the Ray analysis.  Since 
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PROactive compared pioglitazone versus placebo rather than a strategy of intensive versus 
non-intensive glycemic control, it is uncertain whether any benefits in terms of macrovascular 
outcomes in the active treatment arm were due to improved glycemic control or a specific effect 
of pioglitazone.    
 
Limitations of A1C as a Surrogate Outcome 
In all of these trials, multiple anti-diabetic agents were used, each of which has unique 
pharmacological effects not restricted to glucose metabolism.  The possibility that these effects 
have a clinically relevant impact on important outcomes such as cardiovascular disease cannot, 
therefore, be discounted.  Drug class, patient factors, and other variables have important 
independent effects on clinically important outcomes.  The rosiglitazone product monograph, 
for example, cites research that indicates a possible increase in risk of ischemic heart disease 
and congestive heart failure.  Nevertheless, A1C has been used as a surrogate endpoint to 
measure the efficacy of agents with a variety of pharmacological effects, such as the incretins 
or thiazolidinediones.  A1C may have greater validity when the intervention is similar to those 
used in studies such as the UKPDS and DCCT or in cases where the long-term benefits and 
harms of an intervention are well-characterized.  It may be less valid for drugs with novel 
mechanisms because of possible effects on clinically important outcomes that are independent 
of reduced glycaemia.  The use of A1C as a surrogate for cardiovascular disease in type 2 
diabetes is problematic since cardiovascular risk in this population depends on a number of 
other factors such as blood pressure and lipid profile.  Despite the limitations of A1C as a 
surrogate outcome in diabetes, its widespread implementation in clinical practice of A1C as a 
parameter to monitor treatment efficacy in both type 1 and type 2 diabetes patients has 
revolutionized diabetes care because it allows for the measurement of long-term glucose 
control.  Furthermore, diabetes treatment guidelines define optimum glycemic control based on 
A1C targets.   

 
3 Summary 

Results from a number of large RCTs (UKPDS, ACCORD, ADVANCE, VADT) have not shown 
strong evidence linking glucose lowering with a reduction in macrovascular events in type 2 
diabetes mellitus. However, long-term observational analyses of the UKPDS213 and meta-
analyses of large type 2 diabetes trials202,206 are supportive of a relationship. The relationship 
between A1C and microvascular outcomes such as retinopathy and nephropathy have been 
demonstrated in RCT evidence from the UKPDS, the ADVANCE trial and the VADT 
(nephropathy, not retinopathy).  
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APPENDIX 7: SUPPLEMENTAL RESEARCH 
QUESTION 2: SUMMARY OF RECOMMENDATIONS 
FROM CLINICAL PRACTICE GUIDELINES  

Issues considered in this section were provided as supporting information. The information has 
not been systematically reviewed. 
 

1. Objective 
 
To identify Canadian and international guidelines for management of type 2 diabetes and review 
the relevant recommendations for the second-line and third-line antidiabetes drugs.  

 
2. Methods 
 

An Internet search for major clinical guidelines on the management of type 2 diabetes (up to 
January, 2010) was conducted. Recommendations/suggestions for second line and third line 
pharmacotherapy in patients with type 2 diabetes inadequately controlled on metformin 
monotherapy and third line agent for patients inadequately controlled with combination therapy of 
metformin and sulfonylurea were summarized. 

 
3. Findings 
 

Guidelines from 9 organizations published between 2003 and 2010 were identified.4-9,53,214-217  
Two consensus reports52,218 issued by the American Diabetes Association (ADA) and the 
European Association for Study of Diabetes (EASD) were also included.  
 
All guidelines recommended that management of most patients with type 2 diabetes mellitus 
begins with lifestyle modification. Metformin was 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.4-9,53,214,215,217  In the consensus report of ADA and EASD, it was suggested 
that metformin therapy should be initiated concurrently with the lifestyle intervention at the time of 
diagnosis.52 
 
 
Recommendations on second line pharmacotherapy for most patients with type 2 diabetes 
inadequately controlled on metformin alone for ≥ 3 months: Guidelines from the National Institute 
for Health and Clinical Excellence (NICE) in the UK, the New Zealand Guidelines Group (NZGG), 
International Diabetes Federation (IDF),  Diabetes Australia Guideline Development Consortium, 
and Scottish Intercollegiate Guideline Network (SIGN) recommend that a sulfonylurea be added 
to metformin as second-line therapy for most patients if glycemic target cannot be achieved with 
metformin monotherapy.4,7,9,53,215,217  American Association of Clinical Endocrinologists /American 
College of Endocrinology Consensus Panel on Type 2 Diabetes Mellitus: An Algorithm for 
Glycemic Control (AACE/ACE, 2009)216 recommended that GLP-1 analogues or DPP-4 inhibitors 
be added to metformin for most of the patients. All other guidelines provided a list of two or more 
of the available options (i.e., sulfonylurea, DPP-4 inhibitors, GLP-1 analogues, thiazolidinediones, 
meglitinides, alpha-glucosidase inhibitors, and insulin) without identifying a single preferred drug 
class. Almost no evidence was cited to support their recommendations regarding second-line 
therapy in type 2 diabetes.  
 
Recommendations on third line pharmacotherapy for most patients inadequately controlled with 
the combination therapy of metformin and sulfonylurea:  American Diabetes Association (ADA),6 
American Diabetes Association (ADA) and the European Association for the Study of Diabetes 
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(EASD),52  NICE,4 South Australia,5 and NZGG recommend that insulin be started as a third line 
agent for most patients inadequately controlled with the combination therapy of metformin and 
sulfonylurea. The Canadian Diabetes Association (CDA) recommend an OAD from another class 
or insulin as a third line treatment. TZDs were recommended in International Diabetes Federation 
(IDF).9 
 
Detailed recommendations/suggestions from each guideline are summarized in the table below. 
The strength and limitations assessed with AGREE of those included guideline documents was 
also provided. 
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Table 19: Summary of Existing Recommendations on First, Second, and Third line Therapy  
Guidelines 

(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

 
 
Canadian 
Diabetes 
Association, 
20088 
 
 
 

 A1C target: < 7%. 
 if glycemic targets are not 

achieved using lifestyle 
management within 2 to 3 
months, antihyperglycemic 
agents should be initiated 
[Grade A, Level 1A (evidence 
cited: UK Prospective Diabetes 
Study (UKPDS) Group, 1990,48  

 
 If A1C < 9%: initiate metformin 
 In the presence of marked 

hyperglycemia (A1C≥9.0%), 
antihyperglycemic agents should 
be initiated concomitantly with 
lifestyle management, and 
consideration should be given to 
initiating combination therapy 
with 2 agents or initiating insulin 
treatment in symptomatic 
individuals [Grade D, 
Consensus]. 

 for patients with symptomatic 
hyperglycemia with metabolic 
decompensation: Insulin  
metformin 
 Pharmacological treatment 

regimens should be 
individualized taking into 
consideration the degree of 
hyperglycemia and the 
properties of the 
antihyperglycemic agents 
including effectiveness in 
lowering BG, durability of 
glycemic control, side effects, 
contraindications, risk of 
hypoglycemia, presence of 
diabetes complications or 
comorbidities, and patient 
preferences [Grade D, 

 If glycemic targets are 
not attained (A1C >7%)  
when a single 
antihyperglycemic 
agent is used initially, 
an antihyperglycemic 
agent or agents best 
suited to the patients 
based on the 
advantages/disadvanta
ges from different 
classes below  should 
be added 
o -glucosidase 

inhibitors 
o DPP-4 inhibitor 
o Insulin/Insulin 

analogues  
o Sulfonylurea: Newer 

sulfonylureas (Gliclazide, 
blimeperide) are 
associated with less 
hypoglycaemia than 
glyburide 
o  
o Meglitinides 
o Thiazolidinediones 
o Weight loss agents 

(orlistat, sibutramine) 
 

 
 The lag period before 

adding other agent(s) 
should be kept to a 
minimum, taking into 
account the 
characteristics of the 
different agents. 

 Timely adjustments to 
and/or additions of 
antihyperglycemic 

If target level was not 
achieved  
 
 Add another drug 

from a different class; 
or 

 Add bedtime basal 
insulin to other 
agent(s); or 

 Intensify insulin 
regimen 

 
 Evidence cited: None 

 

Primary sponsors: 
GlaxoSmithKline Inc. Novo 
Nordisk Canada Inc, 
Sanofi-Aventis Canada Inc. 
Servier Canada Inc. 
Secondary sponsors: 
AstraZeneca Canada. Inc, 
Bayer Inc., Eli Lilly Canada 
Ltd., 
Pfizer Canada Inc., 
Hoffmann-La Roche Ltd 
 
*It was indicated that 
Sponsors were not 
involved in any aspect of 
guidelines development, 
literature interpretation, the 
decision to publish, or any 
other aspect of publication 
of the guidelines. 

Strength: 
Systematic methods was 
used to search the 
evidence; 
 
The health benefits, side 
effects and risks have 
been considered in 
formulating the 
recommendations;  
 
There is an explicit link 
between the 
recommendations and the 
supporting evidence 
 
The guideline has been 
externally reviewed by 
experts prior to its 
publication; 
 
A procedure for updating 
the guideline was 
provided. 
 
Limitations:  
The criteria for selecting 
the evidence are not 
clearly described; 
The methods used for 
formulating the 
recommendations were 
not clearly described. 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

Consensus]. 
 Metformin should be the initial 

drug used in both overweight 
patients [Grade A, Level 1A 
(evidence cited: UK Prospective 
Diabetes Study (UKPDS) Group, 
1998,57 and nonoverweight 

 
 The following antihyperglycemic 

agents (listed in alphabetical 
order), should be considered to 
lower postprandial BG levels: 

○ Alpha-glucosidase inhibitor 
[Grade B, Level 2 evidence cited: 
Chiasson et al 1994,219] 
○ Premixed insulin analogues (i.e. 
biphasic insulin aspart 
and insulin lispro/protamine) instead 
of regular/NPH premixtures [Grade 
B, Level 2 (evidence cited: Roach P 
et al220 and Boehm BO et al.221 
○ DPP-4 inhibitor [Grade A, Level 1 
(evidence cited: Aschner P, 222 
Charbonnel B, et al223 and Ahren B, 
et al224 
○ Inhaled insulin [Grade B, Level 2 
(eviodence cited: Weiss SR, et al, 
225 
○ Meglitinides (repaglinide, 
nateglinide) instead of 
sulfonylureas [Grade B, Level 2 
(evidence cited: Derosa G, et al,226 
Ristic S, et al227 
○ Rapid-acting insulin analogues 
(aspart, glulisine, lispro) 
instead of short-acting insulin (i.e. 
regular insulin) [Grade 
B, Level 2 (evidence cited: Dailey G, 
228 Ross SA,33 Rosenfalck AM,229 
 Timely adjustments to and/or 

addition of antihyperglycemic 
agents should be made to attain 
target A1C within 6 to 12 months 

agents should be made 
in order to attain target 
A1C within 6 to 12 
months 

[Grade D, Consensus]. 
 
 
 Evidence cited: None 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

 

American 
Diabetes 
Association 
and the 
European 
Association for 
the Study of 
Diabetes, 
2009 6,52,214,218 

Information was extracted from the 
algorithm for the metabolic 
management of type 2 diabetes: 
Step 1: 
 Metformin therapy should be 

initiated concurrently with lifestyle 
intervention at 
diagnosis.(consensus) 

  Metformin is recommended as 
the initial pharmacological therapy, 
in the absence of specific 
contraindications, for its effect on 
glycemia, absence of weight gain or 
hypoglycemia, generally low level of 
side effects, high level of 
acceptance, and relatively low cost. 
Metformin treatment should be 
titrated to its maximally effective 
dose over 1–2 months, as tolerated. 
Rapid addition of other glucose- 

Step 2: 
Target A1C:  < 7% 
 A second medication 

should be added if 
metformin failed to 
achieve or sustain 
glycemic goal within 2-3 
months of maximal 
tolerated dose of 
metformin monotherapy 
or at any time when   
A1C target (<7%) is not 
achieved. 

 
 Tier 1: Well-validated, 

best established and 
preferred route: Basal 
Insulin or Sulfonylurea 
other than glyburide or 
chlopropamide 

Step 3: 
If A1C target not 
achieved or with 
symptoms of 
hyperglycemia after 
combination therapy of 
metformin and 
sulfonylurea or basal 
insulin, next step is: 
 Metformin + intensive 

insulin 
 Evidence cited: None 

 
○ When insulin injections 
are started, insulin 
secretagogues 
(sulfonylurea or glinides) 
should be discontinued, 
or tapered and then 
discontinued, since they 

Not reported. Some of the 
authors received research 
grants from various 
pharmaceutical companies 
such as, Sanofi-Aventis, 
GlaxoSmithKline, Pfizer, 
Hoffman-LaRoche, Eli Lilly, 
Novo Nordisk and Merck.  

Strength: 
The health benefits, side 
effects and risks have 
been considered in 
formulating the 
recommendations;  
There is an explicit link 
between the 
recommendations and the 
supporting evidence 
A procedure for updating 
the guideline was 
provided. 
Limitations:  
Systematic methods was 
not used to search the 
evidence; but several 
technical reviews was 
conducted 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

lowering medications should be 
considered in the setting of 
persistent symptomatic 
hyperglycemia. 

(consensus) 
 
 Tier 2: Less well-

validated therapies:  
Pioglitazone or GLP-1 
analogue 

 
 Another medication 

may also be necessary 
if metformin is 
contraindicated or not 
tolerated. 

 
 Evidence cited: None 
 
 If A1C >8.5% or with 
symptoms of 
hyperglycemia: Insulin can 
be initiated with a basal 
(intermediate- or long-
acting) insulin. However, 
many newly diagnosed 
type 2 diabetic patients will 
usually respond to oral 
medications, even if 
symptoms of 
hyperglycemia are present 
(evidence cited: Peters AL, 
et al,230) 
 

are not considered to be 
synergistic52 
 Although addition of a 

third oral agent can be 
considered, especially 
if the A1C level is 
close to target (A1C < 
8.0%), this approach is 
usually not preferred, 
as it is no more 
effective in lowering 
glycemia, and is more 
costly, than initiating or 
intensifying insulin  

 Evidence cited : 
Schwartz et al, 2003231 

 

The criteria for selecting 
the evidence are not 
clearly described; 
The methods used for 
formulating the 
recommendations are not 
clearly described. 
It was not identified that 
whether the guideline has 
been externally reviewed 
by experts prior to its 
publication; 
 
 

American 
Association of 
Clinical 
Endocrino 
logists / 
American 
College of 
Endocrinology 
Consensus 
Panel on Type 
2 Diabetes 
Mellitus: 
An Algorithm 

A1C target:  6.5% or less, with 
recognition of the need for 
individualization to minimize the 
risks of hypoglycaemia. 
 
For patients with A1C 6.5-7.5% 
Start with monotherapy:   
Metformin is the cornerstone of 
monotherapy.  DPP-4 inhibitors, 
GLP-1 analogues, TZD and �-
glucosidase inhibitors 
(AGIs) are also recommended. 

A1C 6.5-7.5%:  
 
 If  failed from 2-3 months 
metformin monotherapy:  
adding another agent in 
the following  order: GLP-1 
analogue or DPP-4 
inhibitor; TZD, a glinide or 
sulfonylurea; Colesevelam, 
AGIs;  
 
 If failed from TZD 

A1C 6.5-7.5%: if failed 
from 2-3 months dual 
therapy, start triple 
therapy: 
 
Met + GLP1 analogues 
or DPP4 inhibitors +TZD 
or insulin secretagogue 
(glinide or SU). 
 
Star insulin if triple 
therapy failed. 
 

Not reported: 
It was indicated that many 
authors received the 
consultant honoraria from 
various pharmaceutical 
companies 

Strength: 
The health benefits, side 
effects and risks have 
been considered in 
formulating the 
recommendations 
 
The limitations:  
This algorithm represents 
a consensus of 14 highly 
experienced clinicians, 
clinical researchers, 
practitioners, and 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

for Glycemic 
Control 
(AACE/ACE, 
2009)216 

monotherapy: adding 
GLP1-analogue or DPP4 
inhibitors 
 
 
If A1C 7.6- 9.0% 
Start with initial dual 
therapy as follow:  
 
Option 1 :  
Met+GLP1 analogue or 
DPP4 inhibitor or TZD 
 
Option 2: Met +SU or 
glinide 

 

If A1C 7.6- 9.0% 
 
 If failed from 2-3 
months initial dual 
theray:  
 
Start triple therapy: 
 
Option 1: Met+GLP1-
analogue or DPP4 
inhibitor +TZD; 
 
Option 2: Met+GLP1-
analogue or DPP4 
inhibitor +SU 
 
Option 3: Met+ TZD+SU 
 
Star insulin if triple 
therapy failed. 
 
If A1C >9.0% 
 For patients under 
treatment: start Insulin  
other agents; 
 
 For drug naïve patients 
with symptoms: initial 
treatment:  Insulin  
other agents; 
 
 Drug naïve patients 
without symptom: 
 
 Option 1: Met + GLP-1 

analogue or DPP-4 
inhibitor  SU 

 
 Option 2: Met + TZD  

SU 
 
 Option 3: Met + GLP-1 

academicians 
and is based on the 
American Association of 
Clinical 
Endocrinologists/American 
College of Endocrinology 
Diabetes Guidelines and 
the recent medical 
literature. (Endocr Pract. 
2009;15:540-559).  
Systematic methods was 
not used to search the 
evidence;  
 
The criteria for selecting 
the evidence are not 
clearly described; 
 
The methods used for 
formulating the 
recommendations 
(consensus) are not 
clearly described. 
 
It was not identified that 
whether the guideline has 
been externally reviewed 
by experts prior to its 
publication; 
 
No supporting evidence 
was directly cited for the 
algorithm 
 
No updating procedure for 
the algorithm was 
provided. 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

analogue or DPP-4 
inhibitor  TZD 

National 
Institute for 
Health 
and Clinical 
Excellence 
(UK), 
20084,53 
 

 Information extracted from the 
algorithm: Scheme for the 
pharmacotherapy of glucose 
lowering in people with Type 2 
diabetes 

 A1C target: < 6.5% 
 Start metformin treatment in a 

person who is overweight or 
obese and whose blood glucose 
is inadequately controlled (≥ 
6.5%) by lifestyle interventions 
(nutrition and exercise) alone.  

 
 Consider metformin as an 

option for first-line glucose-
lowering therapy for a person 
who is not overweight.  

 
 A sulfonylurea may be 

considered as option for first line 
pharmacotherapy if:  

 
o the person is not 

overweight  
 

o the person does not 
tolerate metformin (or it is 
contraindicated) or  

 
o a rapid response to 

therapy is required 
because of 
hyperglycaemic symptoms 

 
 
 Prescribe a sulfonylurea with 

a low acquisition cost (but not 
glibenclamide) when an 
insulin secretagogue is 
indicated.  

 Sulfonylurea should be 
added to metformin as 
second line 
pharmacotherapy if A1C 
target (<6.5%) cannot be 
achieved.  

 
 Consider adding a DPP-4 

inhibitor (sitagliptin, 
vildagliptin) instead of a 
sulfonylurea as second-
line therapy to first-line 
metformin when control 
of blood glucose remains 
or becomes inadequate 
(A1C ≥ 6.5%, or other 
higher level agreed with 
the individual) if:  

o the person is at 
significant risk of 
hypoglycemia or 
its consequences 
(e.g., older 
people, and 
people in certain 
jobs or those in 
particular social 
circumstances), 
or  

o The person does 
not tolerate a 
sulfonylurea or a 
sulfonylurea is 
contraindicated.  

 
 Consider adding a DPP-4 

inhibitor (sitagliptin, 
vildagliptin) as second-
line therapy to first-line 
sulfonylurea monotherapy 
when  control of blood 

If A1C ≥ 7.5% with the 
treatment of metformin 
and sulfonylurea 
 
 Consider starting 

insulin therapy in 
preference to adding 
other drugs to control 
blood glucose unless 
there is strong 
justification not to 
(such as employment, 
social or recreational 
issues related to 
putative 
hypoglycaemia, 
injection anxieties, 
other personal issues 
or obesity).4   
o When starting basal 

insulin, continue 
metform and 
sulfonylurea 

o When starting 
premixed insulin: 
continue with 
metformin continue 
sulfonylurea 
initially discontinue 
if hypoglycaemia 
occurs. 

 
 Evidence cited: none 
 
 Consider adding 
sitagliptin as third-line 
therapy to first-line 
metformin and a second-
line sulfonylurea when 
control of blood glucose 
remains or becomes 

National Institute for Health 
and Clinical Excellence 

Strength: 
Systematic methods was 
used to search the 
evidence; 
 
The methods used for 
formulating the 
recommendations are 
clearly described. 
 
The health benefits, side 
effects and risks have 
been considered in 
formulating the 
recommendations;  
 
There is an explicit link 
between the 
recommendations and the 
supporting evidence 
 
The guideline has been 
externally reviewed by 
experts prior to its 
publication; 
 
A procedure for updating 
the guideline was 
provided. 
 
Limitations:  
 
The criteria for selecting 
the evidence were not 
clearly described; 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

 
 When drug concordance is a 

problem, offer a once-daily, 
long-acting sulfonylurea.  

 
 Evidence cited: None 

 
 

glucose remains or 
becomes inadequate 
(HbA1c ≥ 6.5%, or other 
higher level agreed with 
the individual) if the 
person does not tolerate 
metformin, or metformin is 
contraindicated.  

 
 Consider adding a TZD 

(pioglitazone, 
rosiglitazone) instead of a 
sulfonylurea as second-
line therapy to first-line 
metformin when control of 
blood glucose remains or 
becomes inadequate 
(HbA1c ≥ 6.5%, or other 
higher level agreed with 
the individual) if:  the 
person is at significant 
risk of hypoglycaemia or 
its consequences (for 
example, older people 
and people in certain jobs 
[for example, those 
working at heights or with 
heavy machinery] or 
people in certain social 
circumstances [for 
example, those living 
alone]), or a person does 
not tolerate a sulfonylurea 
or a sulfonylurea is 
contraindicated.   

 
 Consider adding a TZD 

(pioglitazone, 
rosiglitazone) as 
second-line therapy to 
first-line sulfonylurea 
monotherapy when 
control of blood glucose 

inadequate (HbA1c ≥ 
7.5% or other higher 
level agreed with the 
individual) and insulin is 
unacceptable or 
inappropriate.  
 Only continue DPP-4 
inhibitor therapy 
(sitagliptin, vildagliptin) if 
the person has had a 
beneficial metabolic 
response (a reduction of 
at least 0.5 percentage 
points in HbA1c in 6 
months).  
 
 A DPP-4 inhibitor 
(sitagliptin, vildagliptin) 
may be preferable to a 
thiazolidinedione 
(pioglitazone, 
rosiglitazone) if:  

 
o further weight gain 

would cause or 
exacerbate 
significant problems 
associated with a 
high body weight, or  
 

o a TZD (pioglitazone, 
rosiglitazone) is 
contraindicated, or  
 

o The person has 
previously had a poor 
response to, or did 
not tolerate, a TZD 
(pioglitazone, 
rosiglitazone).  

 
 Consider adding a TZD 
(pioglitazone, 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

remains or becomes 
inadequate (HbA1c ≥ 
6.5%, or other higher 
level agreed with the 
individual) if the person 
does not tolerate 
metformin or metformin 
is contraindicated.  

 
Other options:  
 
 A rapid-acting insulin 

secretagogue may be 
considered for people 
with non-routine daily 
lifestyle patterns  

 
 Only consider a TZD if 

hypoglycemia on 
sulfonylurea is a potential 
problem 

 
 Evidence cited: None 
 

rosiglitazone) or 
sitagliptin as third-line 
therapy to first-line 
metformin and a second-
line sulfonylurea when 
control of blood glucose 
remains or becomes 
inadequate (HbA1c ≥ 
7.5%, or other higher 
level agreed with the 
individual) and insulin is 
unacceptable or 
inappropriate. 4  
 
 
 Only continue TZD 
therapy (pioglitazone, 
rosiglitazone) if the 
person has had a 
beneficial metabolic 
response (a reduction of 
at least 0.5 percentage 
points in HbA1c in 6 
months). 
 
  Consider adding a 
GLP-1 mimetic 
(exenatide) as third-line 
therapy to first-line 
metformin and a second-
line sulfonylurea when 
control of blood glucose 
remains or becomes 
inadequate (HbA1c ≥ 
7.5%, or other higher 
level agreed with the 
individual), and the 
person has:  

 
○ a body mass index 
(BMI) ≥ 35.0 kg/m2 in 
those of European 
descent (with 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

appropriate adjustment 
for other ethnic groups) 
and specific 
psychological or medical 
problems associated 
with high body weight, or 
 
○ A BMI < 35.0 kg/m2, 
and therapy with insulin 
would have significant 
occupational 
implications or weight 
loss would benefit other 
significant obesity-
related comorbidities. 
 
 Only continue GLP-1 
mimetic (exenatide) 
therapy if the person has 
had a beneficial 
metabolic response (a 
reduction of at least 1.0 
percentage point in 
HbA1c and a weight loss 
of at least 3% of initial 
body weight at 6 
months).  
 
 Evidence cited: none 
 

Scottish 
Intercollegiate 
Guideline 
Network 
(SIGN), 2010, 
(UK)217 

A1C target: 7% is reasonable to 
reduce the risk of microvascular 
disease and macrovascular 
disease; 6.5% is appropriate at 
diagnosis; A1C target should be set 
for individual in order to balance 
benefit with harms, in particular 
hypoglycaemia and weight gain. 
 
 
Metformin should be considered as 
the first line oral treatment option for 
overweight patients with type 2 

If not reaching A1C target  
with the 1st  line therapy 
move to second line:  
 
Add one of following 
agents: 
 
1. Usually, Sulfonylurea is 
the second line option 232 
 
2. TZD can be added to 
metformin and sulfonylurea 
or substitute for either in 

If not reaching A1C 
target  with the 2nd  line 
therapy move to third 
line: 
 
Add on or substitute one 
of the following agents: 
 
TZD if no heart failure 
DPP4-inhibitors if 
weight a concern 
Insulin (inject before 

National Health Service, 
Scotland (NHS), UK 

Strengths: 
Systematic methods were 
used to search for 
evidence 
The methods used for 
formulating the 
recommendations are 
clearly described.233 
The health benefits, side 
effects and risks have 
been considered in 
formulating the 
recommendations 



 

Therapeutic Review Report: Clinical Review 93

Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

diabetes  
(Grade A.  
Evidence: SRs, RCTs etc. 
Sulfonylurea should be considered 
as first line oral agents in patients 
who are not overweight if intolerant 
of metformin or if weight 
loss/osmotic symptom  
(Grade A, Evidence: Kahn et al 
2006117 
 

cases of intolerance. 
 TZD should not be used 
in patients with congestive 
heart failure.  
 The risk of fracture 
should be considered in 
the long term care of 
female patients treated 
with TZD 
 (GRADE A, Evidence: 
SRs RCTs etc.) 
 Use TZD if 
hypoglycaemia is a 
concern (e.g. driving, 
occupational hazard, at 
risk of falls)  
Patients prescribed TZD 
should be made aware of 
the increased risk of 
peripheral edema 
 Rosiglitazone should not 
be used in patients with 
acute coronary syndrome 
or a history of myocardial 
infarction. 
 
3.DPP-4 inhibitors may be 
used to improve blood 
glucose control in patients 
with type 2 diaetes: 
(GRADE A. Evidence: SRs 
RCTs etc.) 
if  hypoglycaemia is a 
concern (e.g. driving, 
occupational hazard, at 
risk of falls) 
 if weight gain is a 
concern 

bed) 
 if osmotic 
symptoms/rising A1C 
NPH insulin initially;  
 if hypoglycaemia is a 
concern, use basal 
insulin analogue as an 
alternative 
 add prandial insulin 
with time if required. 
GLP1-agonist  may be 
used to improve 
glycemic control in 
obese adults(BMI≥30 
kg/m2 with type 2 
diabetes who are 
already prescribed 
metformin and/or 
sulfonylureas. A GLP1 
agonist will usually be 
added as a third line 
agent in those who don 
reach target glycemia on 
dual therapy with 
metformin and 
sulfonylurea (as a 
alternative to adding 
insulin therapy) 
 Liraglutide may be 
used as a third line 
agent to further improve 
glycemic control in 
obese adults with type 2 
diabetes who are 
already prescribed 
metformin and a TZD 
and who do not reach 
target glycemia. 
(GRADE A .  
Evidence: SRs. RCTs, 
etc) 
If a desire to lose 

There is an explicit link 
between the 
recommendations and the 
supporting evidence 
The guideline has been 
externally reviewed by 
experts prior to its 
publication. 
A procedure for updating 
the guideline is provided. 
It will be updated in three 
years 
Limitation: 
The criteria for selecting 
the evidence are not 
clearly described in the 
guideline document.  
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

weight 
Usually <10 years from 
diagnosis 
 

Diabetes 
Australia 
Guideline, 
2009215 

Recommendations and practice 
points: 
 A1C should be used to assess 
long term blood glucose control.  
 A1C targets: ≤7%.  
-A1C >7% may be appropriate in 
people with type 2 diabetes who 
have a history of severe 
hypoglycaemia, a limited life 
expectancy, co-morbidities or 
who are elderly. 
 It is recommended that 
interventions to achieve A1C target 
should begin with lifestyle 
modification followed by therapeutic 
options selected on the basis of 
individual clinical 
circumstances, side effects and 
contraindications. (Grade A) 
 Treatment should be intensified if 
diabetes control is not at target and 
is not improving or is 
worsening after 3-6 months of a 
specific treatment strategy. 
However, this time interval 
should be shortened in the 
presence of significant 
hyperglycaemia. 
 
 Information extracted from the 
management algorithm for blood 
glucose control in type 2 diabetes:  
 
- Start metformin if A1C target could 
not be achieved  with  lifestyle 
modification 
 
 People with newly diagnosed type 

Second line 
pharmacotherapy was not 
specified in the 
recommendation. 
 Information extracted 
from the management 
algorithm for blood glucose 
control in type 2 diabetes:  
 
-Start sulfonylurea (add on 
to metformin) if A1C target 
not achieved after 
metformin treatment. 
 
- DPP-4 inhibitors: 
authorised only as dual 
therapy with metformin or 
sulfonylurea where 
combination metformin and 
sulfonylurea is 
contraindicated or not 
tolerated. 
- TZDs are approved only 
as dual therapy with 
metformin or sulfonylurea 
where combination 
metformin and sulfonylurea 
is contraindicated or not 
tolerated. 
 
 Evidence statement: the 
Exenatide is a new option 
for improving glycaemic 
control in people with type 
2 diabetes as an add-on 
therapy. (Level of Evidence 
I) 
 
 Evidence cited: none 

Third line agents was 
not specified: 
 Information extracted 
from the management 
algorithm for blood 
glucose control in type 2 
diabetes:  
 
- Arcabose, DPP-4 
inhibitors, Pioglitazone 
or insulin could be the 
options for (triple) 
therapy if the A1C target 
could not be achieved  
after the combination of 
metformin and 
Sulfonylurea. 
-Rosiglitazone is not 
authorised for triple 
therapy or for use with 
insulin  
 
 Evidence cited: none 
 

Department of Health and 
Ageing (DoHA), Australia 

Strengths: 
Systematic methods was 
used to search the 
evidence; 
The criteria for selecting 
the evidence are clearly 
described; 
The methods used for 
formulating the 
recommendations were 
described. 
 
The health benefits, side 
effects and risks have 
been considered in 
formulating the 
recommendations;  
 
There is an explicit link 
between the 
recommendations and the 
supporting evidence 
 
A procedure for updating 
the guideline was 
provided. 
 
Limitations:  
Whether the guideline has 
been externally reviewed 
by experts prior to its 
publication was not 
reported 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

2 diabetes should routinely be 
offered a trial of lifestyle 
modification. However, 
pharmacotherapy may also be 
required in people presenting with 
significant hyperglycaemia. 
 It is preferable to add a second 
oral anti-diabetic medication rather 
than using a maximum 
dose of one medication alone. 
Metformin is contraindicated in 
people with an eGFR < 30 
ml/min/1.73 m2 and should 
be used with caution in people with 
an eGFR of 30-45 ml/min/1.73 m2. 
 
Evidence cited: None  
 

 

Government 
of South 
Australia, 
Department of 
Health, 20085 

 Information mainly extracted 
from treatment of 
hyperglycemia flowchart. 

 Target glycemic levels: A1C < 
7%; FPG 4.0-6.0 mmol/L; PPG 
4.0-8.0 

 If 3 months lifestyle 
modification do not achieve 
target glycemic level, add OAD 
as follow: 

 Metformin if BMI ≥ 25 kg/m2 
 Metformin or sulfonylurea if BMI 

< 25 kg/m2 
 If highly symptomatic, or BGL > 

20.0 mmol/L, initial treatment 
with an OHA or insulin will be 
required to stabilise the blood 
glucose level. 

 Evidence cited: None 
 

 Target glycemic 
control: ≤7%  

 If target levels (A1C < 
7%; FPG 4.0-6.0 
mmol/L; PPG 4.0-8.0 
mmol/L) not achieved 
at maximum dosage of 
metformin, add an oral 
agent from a different 
class as combination 
therapy. 

 Evidence cited: None 
 

If target blood glucose 
level is not achieved or 
combination therapy is 
contraindicated, add 
insulin either as an 
adjunct with OHA or as 
principal therapy  
 
 Evidence cited: 

None 
 

Department of Human 
Services, Australia 

Limitations: 
No methods was reported 
, it can not been fully 
assessed with AGREE 
The health benefits, side 
effects and risks have not 
been considered in 
formulating the 
recommendations;  
 
An explicit link between 
the recommendations and 
the supporting evidence 
was not provided 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

New Zealand 
Guidelines 
Group, 20037 
 
(Note: DPP4-
inhbitors and 
GLP-1 
analogues 
was not 
included in the 
guideline 
because the 
new agents 
were not 
available 
when the 
guideline was 
developed) 

Information was extracted from a 
Stepwise approach to glycemic 
control:  
 Metformin is first-line therapy if 

BMI ≥25 kg/m2; 
 sulfonylurea may be used if 

BMI <25 kg/m2, or metformin is 
not tolerated or contraindicated 

 Consider a glitazone if both 
metformin and a sulfonylurea 
are not tolerated or 
contraindicated 

 Consider acarbose if other oral 
agents are not tolerated or 
contraindicated 

 Titrate dose until maximum 
recommended or tolerated 
dose is reached – 'start low, go 
slow' 

 Evidence cited; None 

 Sulfonylurea should 
be added on 
metformin as second 
line pharmacotherapy 
if A1C target (≤7%) 
cannot be achieved. 

 If already on 
sulfonylurea, add 
metformin 

 Consider a TZD in 
combination with 
either metformin or a 
sulfonylurea, if either 
is not tolerated or 
contraindicated.  

 Evidence cited: None 

For those on maximum 
doses of oral therapy, 
 consider starting 

insulin therapy 
 

The Ministry of Health, 
New Zealand 
 

Strength: 
 
The health benefits, side 
effects and risks have 
been considered in 
formulating the 
recommendations;  
 
The methods used for 
formulating the 
recommendations were 
clearly described. 
 
Limitations:  
Systematic methods was 
not used to search the 
evidence; 
 
The criteria for selecting 
the evidence are not 
clearly described; 
 
There is an explicit link 
between the 
recommendations and the 
supporting evidence 
It was not identified that 
whether the guideline has 
been externally reviewed 
by experts prior to its 
publication; 
 
A procedure for updating 
the guideline was not 
provided. 
 

International 
Diabetes 
Federation 
20059  
 
(Note: DPP4-
inhbitors and 

 Target A1C: <6.5% 
 Begin oral glucose-lowering 

drugs when lifestyle 
interventions alone are unable 
to maintain blood glucose 
control at target levels. 

 Begin with metformin unless 

 Use sulfonylurea when 
A1C target (<6.5%) 
cannot be achieved 
within 2-6 months of 
metformin monotherapy. 

 When glucose 
concentrations are not 

TZD when failed from 
the combination of 
metformin and a 
sulfonylurea 

Various commercial 
partners providing 
unrestricted educational 
grants. 

Strength: 
The health benefits, side 
effects and risks have 
been considered in 
formulating the 
recommendations;  
The methods used for 
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Guidelines 
(organization, 
country and  

year) 

Recommended first line 
Recommended second 

line therapy and 
evidence cited 

Recommended third 
line therapy and 
evidence cited 

Funding source 

Strength/Limitations 
based on AGREE 

assessment (vigour of 
development) 

GLP-1 
analogues 
was not 
included in the 
guideline 
because the 
new agents 
were not 
available 
when the 
guideline was 
developed) 

evidence or risk of renal 
impairment, titrating the dose 
over early weeks to minimize 
discontinuation due to gastro-
intestinal intolerance. 

 Monitor renal function and risk 
of significant renal impairment 
(eGFR <60 ml/min/ 1.73 m2) in 
people taking metformin. 

 Use sulfonylurea as a first-line 
option in the person who is not 
overweight.  

 Choose a drug of low cost, but 
exercise caution if 
hypoglycaemia may be a 
problem to the individual, 
including through renal 
impairment. 

 Once-daily sulfonylureas 
should be an available option 
where drug concordance is 
problematic. 

 Rapid-acting insulin 
secretagogues may be useful 
as an alternative to 
sulfonylureas in some insulin-
sensitive people with flexible 
lifestyles. 

controlled to target 
levels, adding TZD: 

o to metformin as 
an alternative to 
a sulfonylurea, or 

o to a sulfonylurea 
where metformin 
is not tolerated 

 Rapid-acting insulin 
secretagogues may be 
useful as an alternative 
to sulfonylureas in some 
insulin-sensitive people 
with flexible lifestyles. 

 
 Evidence cited: None 
 

formulating the 
recommendations were  
clearly described; 
 
The guideline has been 
externally reviewed by 
experts prior to its 
publication; 
 
A procedure for updating 
the guideline was 
provided. 
 
Limitations:  
Systematic methods was 
not used to search the 
evidence; 
The criteria for selecting 
the evidence are not 
clearly described; 
An explicit link between 
the recommendations and 
the supporting evidence 
was not provided 

*  publication of these guidelines predated the emergence of DPP-4 inhibitors and GLP-1 analogues
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APPENDIX 8: SUPPLEMENTAL RESEARCH 
QUESTION 3: ADEQUATE TRIAL OF DIABETES 
PHARMACOTHERAPY 

Issues considered in this section were provided as supporting information. The information 
has not been systematically reviewed. 

 
Research question: What constitutes an adequate trial of first and second-line therapy (i.e., 
metformin and sulfonylureas) before the decision to increase doses, or to add or switch to third-
line agent(s) is made? 

 
1. Objective 

To determine the definition of an adequate trial of first and second-line therapies prior to 
decisions on dose increases, or adding or switching to a third-line agent.  

 
2. Methods 

The literature searches used to address the comparative efficacy of second-line agents added 
onto metformin monotherapy, and third-line agents added onto metformin and a sulfonylurea, 
were sufficiently broad in scope to allow their use for identification of studies addressing the 
supplemental questions.  Randomized controlled trials identified in the searches were selected if 
they reported one or more of the following comparisons in patients inadequately controlled with 
existing therapy: 
 
First-line failure:   
 addition of second-line therapy at time x versus addition at time y  
 increased dose of metformin at time x versus increase at time y  
 continued first-line metformin at pre-trial doses versus increased dose of metformin  
 continued first-line metformin at pre-trial doses versus addition of a second-line agent 
 continued first-line metformin at pre-trial doses versus switch to a second-line agent 

 
Second-line failure: 
 addition of third-line therapy at time x versus addition at time y 
 increased dose of metformin and/or sulfonylurea at time x versus increase at time y 
 continued metformin and a sulfonylurea at pre-trial doses versus increased dose of metformin 

and/or sulfonylurea 
 continued metformin and a sulfonylurea at pre-trial doses versus addition of a third-line agent 
 continued metformin and a sulfonylurea at pre-trial doses versus switch to a third-line agent 

(i.e., discontinuation of metformin and/or sulfonylurea) 
 
To provide additional context, guideline recommendations related to these research questions are 
summarized, and pertinent utilization data are reported. 

 
3. Findings 

 
Evidence from RCTs 
There were no RCTs identified that addressed the research question.   
 
Summary of Clinical Practice Guidelines 
Recommended duration of metformin monotherapy across guidelines ranges from 2-3 months to 
as long as 6 months.  The CDA guidelines8 provide a more general recommendation that timely 
adjustment of medications is warranted if glycemic control is not achieved within 6 to 12 months.  
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Guidelines from NICE4,53 and SIGN217 do not specify either dose or duration of initial metformin 
monotherapy before second-line agents should be considered. 
 
Table 20: Recommended duration of initial metformin monotherapy 

Organization, year Recommended duration of initial metformin monotherapy 
CDA, 20088 Timely adjustments to and/or addition of antihyperglycemic agents to attain 

target A1C recommended within 6 to 12 months 
ADA/EASD, 2009 
6,52,214,218 

Duration: 2-3 months 

AACE/ACE, 2009216 Duration: 2-3 months 
NICE, 20084,53 Dose and duration not specified 
SIGN, 2010217 Dose and duration not specified 
DAG, 2009215 Duration: 3-6 months.  Treatment should be intensified if diabetes control is not 

at target and is not improving or is worsening after 3-6 months of a specific 
treatment strategy.  However, this time interval should be shortened in the 
presence of significant hyperglycaemia. 

South Africa*, 20085 Duration: not specified 
NZGG, 20037 Duration: Not specified 
IDF 20059  Duration: 2-6 months of metformin 
Abbreviations: ADA/EASD=American Diabetes Association and the European Association for the Study of Diabetes; 
AACE/ACE=American Association of Clinical Endocrinologists /American College of Endocrinology; CDA=Canadian 
Diabetes Association; IDF=International Diabetes Federation; NICE=National Institute for Health and Clinical 
Excellence; DAG=Diabetes Australia Guideline; SIGN=Scottish Intercollegiate Guideline Network; NZGG=New Zealand 
Guidelines Group 
Footnote: * Government of South Australia, Department of Health 

 
Evidence from Utilization Data 
CADTH recently completed a utilization analysis of second-line therapies after metformin 
monotherapy among beneficiaries of the Ontario Public Drug Program (OPDP) and private drug 
plans across Canada.234  Individuals were selected for the study if they initiated metformin 
between January 1, 2005 and December 31, 2005, and were followed until January 1, 2008.  In 
the OPDP, 33% of subjects initiated second-line therapy after a mean (SD) of 372 (185) days 
from the start of metformin monotherapy (Table 25).  The mean daily dose (SD) of metformin at 
initiation of second-line therapy was 1457 (418) mg.  Similar results were found in the private 
drug plan analysis, although the mean duration of metformin monotherapy was somewhat lower. 

 
Table 21: Duration and dose of metformin monotherapy prior to an initial claim for a second-line 
antidiabetes drug   

 ONTARIO DRUG BENEFIT PROGRAM  PRIVATELY FUNDED DRUG PROGRAM  

 
Metformin 
continued 

Metformin 
discontinued 

OVERALL 
Metformin 
continued 

Metformin 
discontinued 

OVERALL 

Average days to 
initiation of 
second-line 

therapy  
(± SD) 

351.6  
± 171.4 

393.0  
± 200.1 

371.5  
± 185.2 

324.3  
± 236.3 

345.3  
± 230.0 

338.5 ± 240.2 

Average 
Metformin Daily 

Dose (mg)  
(± SD) 

1510.4  
± 361.7 

1400.4  
± 470.8 

1457.4 ± 
417.7 

1609.7  
± 273.9 

1388.8  
± 189.2 

1495.3 ± 
268.4 

SD – standard deviation 

 
Among individuals who initiated second-line therapy in the ODBP, 32% switched from metformin 
to a second-line agent (i.e., metformin was discontinued).  The corresponding proportion in the 
private drug plans was 25%.  Mean doses and duration of metformin monotherapy did not differ 
substantially between those who continued metformin upon addition of second-line therapy 
versus those who did not.  This indicates that in most cases, metformin discontinuation was 
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unlikely to be a result of toxicities (such as gastrointestinal effects) experienced shortly after 
metformin initiation. 

 
4. Summary 

There is little evidence available on what constitutes an adequate trial of a first- or second-line 
anti-diabetes therapy before a decision to increase doses or to add or switch to a third-line agent 
should be made.  The 2008 CDA guidelines8 recommend the lag between agents be kept to a 
minimum and imply an adequate trial is less than six months.  The available utilization data 
suggest that the majority of patients in Canada are treated with approximately 1500 mg per day 
or more of metformin as monotherapy before adding or switching to second-line therapy, and that 
most patients try metformin alone for at least one year before second-line therapy is initiated.  
Hence, there is no evidence that premature treatment progression among patients with type 2 
diabetes is a significant issue in clinical practice.  In light of the consensus across major 
guidelines that metformin be continued upon initiation of second-line therapy, the high rates of 
metformin discontinuation after a year or more of monotherapy may represent the greater 
concern. 
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APPENDIX 9: SUPPLEMENTAL RESEARCH 
QUESTION 4: SAFETY AND EFFICACY OF 
INCREASED DOSES OF METFORMIN VERSUS 
ADDITION OF SECOND-LINE AGENTS  

1. Objective 
To determine if evidence is available regarding the differences in safety and/or efficacy of 
increased doses of metformin monotherapy compared to adding second-line agents to 
submaximal metformin doses achieving inadequate control. 

 
2. Methods 

The literature searches used to address the comparative efficacy of second-line agents added 
onto metformin monotherapy, and third-line agents added onto metformin and a sulfonylurea, 
were sufficiently broad in scope to allow their use for identification of studies addressing the 
supplemental questions.  Randomized controlled trials identified in the searches were selected if 
they reported one or more of the following comparisons in patients inadequately controlled with 
existing therapy: 

 increased dose of metformin versus addition of a second-line agent 
 increased dose of metformin versus switch to a second-line agent 

 
To provide additional context, guideline recommendations related to these research questions are 
summarized, 

 
3. Findings 

 
The EMPIRE study235 was a double-blind trial in which patients who’d been on diet therapy alone 
or taking metformin and/or a sulfonylurea were given a four to seven week run-in period where 
metformin was stabilized to 1,000 mg/day and any sulfonylureas were discontinued.  766 patients 
were then randomized to receive an additional 4 mg of rosiglitazone or 500 mg of metformin, 
which were uptitrated to either 8 mg of rosiglitazone or 1000 mg metformin in addition to the initial 
1000mg metformin.  After 24 weeks, patients in the rosiglitazone + metformin group showed 
greater, if modest, A1C improvements than those in the high-dose metformin group (between 
group difference -0.20%, 95% CI: -0.36% to -0.04%), with no statistically significant differences in 
hypoglycemia rates or overall adverse events. 
 
A similar study236 also randomized patients (n = 568) previously taking metformin to either an 
increased dose of metformin or the addition of rosiglitazone.  After 24 weeks, the adjusted 
treatment difference (rosiglitazone + metformin – metformin) in A1C was -0.22% (p = 0.001).  
Although patients in the rosiglitazone + metformin group reported better outcomes in terms of 
treatment satisfaction and gastrointestinal function, patients in the metformin group had better 
outcomes in terms of cholesterol levels.  Hypoglycemia rates were very low, non-severe, and not 
statistically different between groups. 

 
Weissman et al, 2005235   
Study design  24 week, multi-center, randomized, double-blind, parallel-group, n = 766  

 
Population   Patients on diet therapy alone or taking metformin and/or a sulfonylurea were 

given a four to seven week run-in period where metformin was stabilized to 
1,000 mg/day and any sulfonylureas were discontinued 

 The inclusion criteria specified that patients on metformin monotherapy had to 
have an A1C of 7-10% at screening (6.5-8.5% for metformin and sulfonylurea 
combination therapy).  Baseline measurements following the 4-7 week run-in 
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period were approximately 8.0% in each group; however, they did not report a 
threshold A1C to remove patients who responded to the metformin run-in.   

 
Intervention  Randomized to receive an additional 4 mg of rosiglitazone or 500 mg of 

metformin, which were uptitrated to either 8 mg of rosiglitazone or 1000 mg 
metformin in addition to the initial 1000 mg metformin 

 
Results  Patients in the rosiglitazone + metformin group showed greater A1C 

improvements than those in the high-dose metformin group (between group 
difference -0.20%, 95% CI: -0.36% to -0.04%). 

 No statistically significant differences in hypoglycemia rates or overall adverse 
events. 

 
Bailey et al, 2005236 
Study design  24-week, multicenter, randomized, double-blind, parallel-group, n = 568 

 
Population   The inclusion criteria for this RCT specified that patients on metformin 

monotherapy (1-2 g/day) had to have a FPG of  ≥ 7 mmol/l at screening.  
 

Intervention  Randomized patients to either an increased dose of metformin or the addition of 
rosiglitazone to metformin 

 Dose level 1: 4 mg rosiglitazone/2000 mg metformin (n = 37) vs. 2500 
mg metformin (n = 48) 

 Dose level 2: 8 mg rosiglitazone/2000 mg metformin (n = 258) vs. 3000 
mg metformin (n = 251)* 

 
Results  After 24 weeks, the adjusted treatment difference (rosiglitazone + metformin – 

metformin) in A1C was -0.22% (p = 0.001) 
 Hypoglycemia rates were very low, non-severe, and not statistically different 

between groups 

 
The 2008 CDA guidelines8 emphasize that the early or even initial addition of a submaximal dose 
second-line agent is preferable to metformin monotherapy at maximal doses, providing the agent 
classes have different mechanisms of action.  Recommendations from other internation 
guidelines are sumamrized in table 25. 

 
Table 22: Recommended doses of initial metformin monotherapy 

Organization, year Recommended doses of initial metformin monotherapy 
CDA, 20088  Dose and duration are not specified 

 Early or initial addition of submaximal doses of second-line agents are 
preferable to maximal metformin monotherapy 

ADA/EASD, 2009 
6,52,214,218 

 Dose: Maximally effective and tolerated dose 

AACE/ACE, 2009216  Although the maximal recommended dose is 2,500 mg daily, little additional 
benefit is seen with dosages exceeding 2,000 mg daily. 

NICE, 20084,53  Dose and duration not specified 
SIGN, 2010217  Dose and duration not specified 
DAG, 2009 215  Dose: not specified 

 Addition of a second oral anti-diabetic medication rather than using a maximum 
dose of one medication alone is preferred. 

South Africa*, 20085  Dose: maximum dosage of metformin 
NZGG, 20037  Dose: Maximal tolerable dose  
IDF 20059   Dose: not specified 
Abbreviations: ADA/EASD=American Diabetes Association and the European Association for the Study of Diabetes; 
AACE/ACE=American Association of Clinical Endocrinologists /American College of Endocrinology; CDA=Canadian 
Diabetes Association; IDF=International Diabetes Federation; NICE=National Institute for Health and Clinical 
Excellence; DAG=Diabetes Australia Guideline; SIGN=Scottish Intercollegiate Guideline Network; NZGG=New Zealand 
Guidelines Group 
Footnote: * Government of South Australia, Department of Health 



 

Therapeutic Review Report: Clinical Review 103

4. Summary 
There is a paucity of data on the optimal dose and duration of metformin before initiation of third-
line therapy.  Given the lack of sufficient evidence, it is not surprising that major diabetes 
guidelines also vary in their recommendations, with some advising maximally tolerated metformin 
doses, and others add-on therapy to sub-maximal doses.  According to the 2008 CDA 
guidelines,8 the early or initial addition of submaximal doses of second-line antihyperglycemic 
agents are preferable to maximal metformin monotherapy dosing.  Two RCTs235,236 were found 
which support the addition of a TZD rather than increased metformin doses in patients on 
metformin monotherapy, albeit with minimal glycemic improvements. There was little evidence 
found to suggest that high doses of metformin or other initial therapies were any more or less 
safe than adding a second-line agent. 
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APPENDIX 10: SUPPLEMENTAL RESEARCH 
QUESTION 5: INCREASED DOSES OF FIRST- AND 
SECOND-LINE THERAPY VERSUS ADDITION OR 
SWITCH TO A THIRD-LINE AGENT 

1. Objective 
To determine if evidence is available regarding the differences in safety and/or efficacy of high 
doses of metformin and sulfonylurea combination therapy compared to adding a third-line agents 
to submaximal doses achieving inadequate control. 

 
2. Methods 

The literature searches used to address the comparative efficacy of second-line agents added 
onto metformin monotherapy, and third-line agents added onto metformin and a sulfonylurea, 
were sufficiently broad in scope to allow their use for identification of studies addressing the 
supplemental questions.  Randomized controlled trials identified in the searches were selected if 
they reported one or more of the following comparisons in patients inadequately controlled with 
existing therapy: 
 increased dose of metformin and/or sulfonylurea versus addition of a third-line agent 
 increased dose of metformin and/or sulfonylurea versus switch to a third-line agent (i.e., 

discontinuation of metformin and/or sulfonylurea) 
 

To provide additional context, guideline recommendations related to these research questions are 
summarized, 

 
3. Findings 

The 2008 CDA guidelines8 make no specific mention of the addition of third-line agents to 
metformin and sulfonylurea, though the guidelines favour combining antihyperglycemic agents 
with different mechanisms of action where applicable. 
 
An open label study147 of 55 elderly patients with type 2 diabetes on oral antidiabetes drugs 
(approximately 75% of the population was using metformin and a sulfonylurea at baseline) 
randomized patients to receive either increased doses of their oral antidiabetes drugs or the 
addition of bedtime insulin glargine, with both arms titrated to reach glycemic targets.  A1C levels 
in the glargine group were reduced by 1.5% by the end of 24 weeks, compared to 0.6% in the 
oral antidiabetes drugs group (p = 0.381).  There were fewer hypoglycemic episodes (23 vs 79, 
p=0.03) and fewer patients experiencing hypoglycemia (9 vs 17, p=0.045) in the glargine group, 
though no patient in either group suffered severe hypoglycemia. However, the results of this 
study should be interpreted with caution due to the small sample size of the study, statistically 
significant differences in HbA1C at baseline, and the wide range of pharmacotherapy at baseline.   

 
Papa et al, 2008147 
Study design  24 week, open-label, randomized, parallel-group, n = 55 

 

Population   Patients aged 65 years or more with poor glycemic control 
 The inclusion criteria specified that patients had to have an A1C ≥ 7.5% despite 

treatment with OADs for at least one year.  The patient population was treated with a 
wide range of oral antidiabetes drugs at baseline (primarily as combination therapy, but 
some monotherapy as well).  The most common treatment strategies at baseline were: 
glyburide + metformin (75%); repaglinide + metformin (9%).   

 

Intervention  Randomized to adding insulin glargine to current therapy (n = 27) or increasing current 
OAD dosages (n = 28) 

 

Results  No significant difference in A1C levels at 24 weeks (p = 0.381) 
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 Fewer hypoglycemic episodes with glargine (23 vs 79, p=0.03) 
 Fewer patients experiencing hypoglycemia with glargine (9 vs 17, p=0.045)  
 No episodes of severe hypoglycemia. 

 
4 Summary 

A single RCT147 reported that adding a basal insulin to submaximal doses of metformin and a 
sulfonylurea may be associated with fewer hypoglycemic episodes than higher doses of 
metformin and the sulfonylurea.  There was no significant difference between the two treatments 
with regard to changes in hemoglobin A1C. In summary, the data to inform the optimal conditions 
under which additional therapy should be considered is very limited.  The studies identified 
indicated little to no benefit of add-on therapy versus increased doses of existing therapy in terms 
of improved glycemic control. 
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APPENDIX 11: CHARACTERISTICS OF INCLUDED STUDIES 

Author, year Country Sponsor 
Interventions/ 
comparators 

Glycemic 
target 

Treatment 
duration  

Criteria for 
defining 

combination 
therapy 
failure 

Randomized 
Sample size 

Primary 
outcome 

Aljabri et al, 
200410 

Canada Investigator-
initiated grant 
from Eli Lilly 

 Pioglitazone (30-
45 mg/day) + Met 
+ SU  

 NPH insulin 
(titrated to FG < 
6.0 mg/dl) + Met + 
SU 

FG < 6.0 
mmol/L 

4 months A1C > 8.0% 62 Hypoglycemia 

Al-Shaikh, 200612 Saudi Arabia Not reported  Insulin glargine 
(HS) + Met + SU 

 Biphasic insulin 
(30% regular 
insulin + 70% 
NPH), 2/3 dose in 
morning and 1/3 
dose in evening 

FBG < 7.7 
mmol/L 

6 months  A1c > 8.0% 
 FBG > 
7.8mmol/L 

221 A1C 

Bergenstal et al, 
200914 

United States 
 

Novo Nordisk  Exenatide + Met + 
SU  

 BIAsp30 (QD) + 
Met + SU 

 BIAsp30 (BID) + 
Met + SU 

FBG 5.0-6.1 
mmol/L 

6 months A1C ≥ 8.0% 372 A1C  

Berhanu et al, 
200716 

United States 
 

Takeda Global 
Research and 
Development 

 Insulin + 
Pioglitazone + Met 

 Insulin + Placebo 
+ Met 

FPG < 7.8 
mmol/L 

20 weeks  A1C > 8.0% 
 FPG > 
6.7mmol/L 

222 
 

Not reported 

Boye et al, 200618 Multinational Takeda Global 
Research and 
Development 
Center 

 Exenatide (BID) + 
SU + Met  

 Insulin glargine 
(HS) + SU + Met 

FBG < 5.5 
mmol/L 

26 weeks A1C 7.0-
10.0% 

Not reported A1C 

Charpentier et al, 
200920 

France 
 

Eli Lilly and 
Company 

 Pioglitazone (30-
45 mg/day) + Met 
+ SU  

 Placebo + Met + 
SU 

HbA1c < 
6.5% 

7 months A1C 7.0–
9.5% 

299 A1C 
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Author, year Country Sponsor 
Interventions/ 
comparators 

Glycemic 
target 

Treatment 
duration  

Criteria for 
defining 

combination 
therapy 
failure 

Randomized 
Sample size 

Primary 
outcome 

Dailey et al, 
200422 

United States 
 

Sponsored by 
Takeda France 

 Rosiglitazone (4-8 
mg) + Met + SU  

 Placebo + Met + 
SU 

HbA1c 
<7.0% or 

mean BG < 
7.0 mmol/L 

4 months A1C 7.0-
10.0% 

365 A1C 

Davies et al, 
200724 

United 
Kingdom 

 

Grant from 
Bristol-Myers 
Squibb 

 Biphasic 30/70 
human insulin 
(BID) + Met  

 NPH insulin (HS) + 
Repaglinide (AC) 
+ Met  

 NPH Insulin (HS) 
+ Met 

FBG < 6.0 
mmol/L 

4 months A1C > 7.0% 82 A1C 

De Mattia et al, 
200926 

Italy Sanofi-Aventis  Insulin glargine + 
Met + SU  

 NPH Insulin + Met 
+ SU  

FBG < 5.5 
mmol/L 

3 months A1C ≥ 8.0% 20 FBG 

Derosa et al, 
200928 

Italy University of 
Pavia, Italy 

 Acarbose + Met + 
SU  

 Rapaglinide + Met 
+ SU 

Forced 
titration 

independent 
of glycemic 

control 

3.5 months  A1C ≥ 6.5% 
 FPG ≥ 
160mg/dl 

103 FPG 

Dorkhan et al, 
200930 

Sweden Grants from 
Sanofi-Aventis, 
Crafoord 
Foundation, 
Swedish Heart 
and Lung 
Association 

 Pioglitazone + Met 
+ SU  

 Insulin (glargine) + 
Met + SU 

FBG < 6.0 
mmol/L 

(glargine) or 
A1c < 6.2% 

(pioglitazone) 

6.5 months A1C > 6.2% 
measured 

with Mono-S 
method (= 
7% NGSP) 

30 Cardiac size 
and function, 
fluid retention, 
cardiac 
dysfunction. 

Esposito et al, 
200832 

Italy Funded in part by 
the Second 
University of 
Naples 

 NPL insulin (HS) + 
Met + SU 

 Insulin glargine 
(HS) + Met + SU 

FPG < 5.6 
mmol/L 

9 months  A1C 7.5%-
10% 

 FPG ≥ 6.7 
mmol/L 

116  A1C 

Gao et al, 200934‡ China, India, 
Korea, Taiwan 

Amylin 
Pharmaceuticals, 
Eli Lilly and 
Company 

 Exenatide (10 μg 
BID) + Met + SU 

 Placebo (BID) + 
Met + SU 

Fixed dose 4 months A1C > 7.0% 472 A1C 
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Author, year Country Sponsor 
Interventions/ 
comparators 

Glycemic 
target 

Treatment 
duration  

Criteria for 
defining 

combination 
therapy 
failure 

Randomized 
Sample size 

Primary 
outcome 

Goudswaard et 
al, 200436 

Netherlands Not reported  NPH insulin (QD) 
+ Met + SU 

 Biphasic insulin 
(70/30) (BID)  

FBG 4.0-7.0 
mmol/L and 

PPG 7.0-10.0 
mmol/L 

12 months A1C ≥ 7.0% 69 Not specified 

Hartemann-
Heurtier et al, 
200938 

France Public grant and 
Takeda 
Laboratory 

 Pioglitazone + Met 
+ SU  

 NPH insulin + Met 
+ SU 

FPG 6.1 
mmol/L 

6 months A1C > 7.5% 28 Not reported 

Heine et al, 
200540 

Multinational Amylin 
Pharmaceuticals, 
Eli Lilly and 
Company 

 Exenatide (10 μg 
BID) + Met + SU 

 Insulin glargine + 
Met + SU  

FBG < 5.5 
mmol/L 

26 weeks A1C 7.0–
10.0% 

551 A1C 

Hermansen et al, 
200741‡ 

USA and 
Denmark 

Merck  Sitagliptin (100 
mg/day) + Met + 
SU 

 Placebo + Met + 
SU 

Fixed dose; 
rescue 
therapy 

provided at 
decreasing 
FPG limits 
(15 mmol/L 
week 1, 11 

mmol/L after 
week12)  

6 months A1C ≥ 7.5% 441  A1C  
 Hypoglycemia 

Holman et al, 
200743 

Ireland, UK Novo Nordisk and 
Diabetes UK 

 Insulin aspart 
(TID) + Met + SU 

 Insulin detemir 
(HS or BID) + Met 
+ SU  

 Biphasic insulin 
aspart 30 (BID) + 
Met + SU 

FBG 4.0-5.5 
mmol/L and 

2-5.0-7.0 
mmol/Lhr 

PPG  

12 months A1C 7.0-
10.0% 

708 A1C 

Janka et al, 
200511 

Germany, 
Finland etc 

Aventis Pharma  Insulin glargine + 
Met + SU   

 30/70 NPH + 
placebo 

FBG < 5.5 
mmol/L 

6 months A1C > 7.5% 364  A1C  
 Hypoglycemia 

Janka et al, 
200713 

10 European 
countries 

Sanofi-aventis  Insulin glargine 
(QD) + SU + Met 

 Biphasic insulin 
(30% regular, 70% 
NPH) (BID) 

FBG < 5.5 
mmol/L 

6 months  A1C 7.5-
10.5% 

 FBG ≥ 
6.7mmol/l 

130 A1C 



 

Therapeutic Review Report: Clinical Review 109

Author, year Country Sponsor 
Interventions/ 
comparators 

Glycemic 
target 

Treatment 
duration  

Criteria for 
defining 

combination 
therapy 
failure 

Randomized 
Sample size 

Primary 
outcome 

Kendall et al, 
200515 

United States  Not reported  Exenatide (5 μg 
BID) + Met + SU 

 Exenatide (10 μg 
BID) + Met + SU 

 Placebo + Met + 
SU 

Fixed dose 
dependant on 

GI effects 

7.5 months A1C 7.5-
11.0% 

734 A1C 

Ko et al, 200617 Hong Kong Dept of Medicine, 
AH Nethersole 
Hospital 

 Rosiglitazone + 
Met + SU  

 NPH Insulin (HS) 
+ Met + SU 

A1c < 7.5% 52 weeks A1C ≥ 8.5% 112 Not reported 

Lam et al, 199819 Hong Kong In part by Bayer 
China 

 Acarbose (150-
300 mg/day) + Met 
+ glibenclamide 
(10 mg BID) or 
gliclazide (160 mg 
BID)  

 Placebo + Met + 
glibenclamide (10 
mg BID) or 
gliclazide (160 mg 
BID) 

Fixed dose 24 weeks A1C 8.4-
10.8% at 

least twice in 
previous 3 

months 

90 Not reported 

Lopez-Alvarenga 
et al, 199921† 

Mexico Grant from Bayer  Acarbose (100 mg 
TID) + Met + SU  

 Insulin NPH + 
MET + SU 

 Placebo + Met + 
SU 

FPG < 7.7 
mmol/L 

3 months FBG > 8.8 
mmol/l 

37 Not specified 

Milicevic et al, 
200923 

Multinational Sponsored by Eli 
Lilly  

 Insulin NPH (HS) 
+ Glyburide 

 1) Insulin lispro 
50%, Insulin lispro 
protamine 
suspension 50% 
(pre breakfast), 2) 
Insulin lispro 25%, 
Insulin lispro 
protamine 
suspension 75% 
(pre-dinner) 

FBG < 6.7 
mmol/L and  
2-hr PPG < 
8.0mmol.L 

6 months A1C > 20% 
the upper 

limit of 
normal 

135 Post prandial 
glucose 
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Author, year Country Sponsor 
Interventions/ 
comparators 

Glycemic 
target 

Treatment 
duration  

Criteria for 
defining 

combination 
therapy 
failure 

Randomized 
Sample size 

Primary 
outcome 

Nauck et al, 
200725 

Multinational Eli Lilly and 
Amylin 

 Exenatide (10 μg 
BID) + Met + SU 

 Biphasic insulin 
aspart 30/70 

FBG < 7.0 
mmol/L and 
2-hr PPG 

<10.0 mmol/L 

12 months A1C ≥ 7.0% 505 A1C 

Ovalle et al, 
200427 

United States Grant from 
GlaxoSmith-Kline 

 Rosiglitazone (8 
mg/day) + Met + 
SU  

 Biphasic insulin 
70/30 

FBG < 6.7 
mmol/L 

6 months Not reported 17 Beta cell 
function 

Reynolds et al, 
200729 

USA Grant from 
GlaxoSimthKline 

 Rosiglitazone 
(QD) + Met + SU 

 Insulin glargine 
(HS) + Met + SU 

FBG < 6.7 
mmol/L 

6 months A1C 8-12% 40 PAI-1, hsCRP, 
and F2-
isoprostanes 

Rosenstock et al, 
200631 

USA Aventis 
Pharmaceuticals 

 Rosiglitazone 
(QD) + Met + SU 

 Insulin glargine 
(HS) + Met + SU 

FPG < 5.5 
mmol/L 

6 months A1C 7.5-11% 219 A1C 

Ross et al, 200133 Canada Two authors from 
Eli Lilly 

 Insulin lispro + 
Insulin NPH  

 Human insulin + 
Insulin NPH 

2-hr PPG < 
8.9 mmol/L 

5.5 months A1C < 130% 
above the 

upper limit of 
normal 

148 Not reported 

Russell-Jones et 
al, 200935 

Multinational Novo Nordisk A/S  Liraglutide (1.8 
mg/day) + Met + 
glimepiride  

 Insulin glargine + 
Met + glimepiride 

 Placebo + Met + 
glimepiride  

FPG < 5.5 
mmol/L 

26 weeks FPG 7.5-12.8 
mmol/L 

581 A1C 

Standl et al, 
200137 

Multinational Bayer and Sanofi-
Synthelabo 

 Miglitol (50-100 
mg TID) + Met + 
glyburide  

 Placebo + Met + 
glyburide 

Fixed dose 24 weeks A1C 7.5-
10.5% 

154 Not reported 

Stehouwer et al, 
200339 

Multinational Aventis  NPH insulin + SU 
 NPH insulin + 

30/70 insulin NPH 
 NPH insulin 

FPG 4.0-7.0 
mmol/L or 

PPG 4.0-10.0 
mmol/L or 

A1C ≤6.5% 

9 months A1C > 6.5% 261  A1C  
 Hypoglycemia 
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Author, year Country Sponsor 
Interventions/ 
comparators 

Glycemic 
target 

Treatment 
duration  

Criteria for 
defining 

combination 
therapy 
failure 

Randomized 
Sample size 

Primary 
outcome 

Strojek et al, 
200945 

Multinational Novo Nordisk   Insulin glargine + 
Met + SU 

 BIAsp30 + Met + 
SU 

FPG 5-6.1 
mmol/L 

6.5 months 
 

A1C 7.0-11% 480 
 

A1C 

Vinik et al, 200742 United States Sanofi-Aventis   Rosiglitazone 
(QD) + Met + SU 

 Insulin glargine 
(HS) + Met + SU 

FPG < 5.5 
mmol/L 

6 months A1C 7.5-11% 219 HRQoL  

Yki-Jarvinen et al, 
200644 

Finland and 
United 

Kingdom 

Grants from 
Aventis and the 
Academy of 
Finland 

 Insulin glargine + 
Met  

 NPH Insulin + Met 

FPG 4.0-5.5 
mmol/L 

9 months A1C ≥ 8.0% 110 A1C 

A1C=glycosylated haemoglobin; AC=with meals; BID=twice daily; FBG=fasting blood glucose; FPG=fasting plasma glucose; HRQoL=health-related quality of life; HS=at bedtime; 
Met=metformin; NGSP=National Glycohemoglobin Standardisation Program; NPH=neutral protamine Hagadorn; NPL=neutral protamine lispro; QD=once daily; SU=sulfonylurea 

† crossover study; ‡ sub-group data 
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APPENDIX 12: PATIENT CHARACTERISTICS IN INCLUDED STUDIES 

 

Combination therapy at baseline 
Author, year 

Avg. age 
(years) 

% Male 
Avg. duration 
of DM (years) 

Avg. A1C (%) 
Metformin 

dosage 
Sulfonylurea dosage 

Duration of stable 
combination 

therapy (months) 

Aljabri et al, 200410 58.0 60.3 10.0 9.9 2050 ± 490 mg/day 
2210 ± 504 mg/day 

Glyburide (20 mg/day) 
≥ 3 

Al-Shaikh, 200612 56.3 56.1 NR 11.3 Max. tolerated dose Max. tolerated dose ≥ 3 
Bergenstal et al, 200914 52.6 48.4 9.0 10.2 > 1500 mg/day half maximal dose 3 
Berhanu et al, 200716 52.7 42.3 NR 8.5 ≥ 2000 mg/day >50% maximal dose ≤3 
Boye et al, 200618 58.5 ± 9.2 55.2 9.5 ± 5.7 8.3 ± 1.0 NR NR NR 
Charpentier et al, 200920 59.7 75.4 12.3 8.1 2584 mg/day 

(mean) 
Glyburide (15.1 mg, n = 
105); Glimepiride (5.2 mg, n 
= 97); Gliclazide (146 mg, n 
= 91); Glipizide (20 mg, n= 
2); Carbutamide (1000 mg, 
n = 1) 

≥ 3 

Dailey et al, 200422 57.0 59.5 9.0 8.1 NR NR ≥ 2 
Davies et al, 200724 57.2 43.9 8.7 9.7 Max. tolerated dose NR NR 
De Mattia et al, 200926 59.4 ± 8.2 70.0 ≥ 5 9.3 ± 1.4 400 mg/day Glyburide: 2.5 mg/d 3 
Derosa et al28 54.0 49.5 3.5 8.1 NR NR NR 
Dorkhan et al, 200930 61.2 66.7 10.3 8.2 NR NR NR 
Esposito et al, 200832 54.4 51.8 8.2 8.8 NR NR ≥ 3 
Gao et al, 200934 54.5 44.4 8.0 8.3 1000-3000 mg NR ≥ 3 
Goudswaard et al, 200436 58.5 48.4 7.4 8.5 NR NR NR 
Hartemann-Heurtier et al, 
200938 

60.1 59.3 12.0 8.4 Max. tolerated dose Max. tolerated dose 6 

Heine et al, 200540 58.9 61.1 9.6 8.2 NR NR ≥ 3 
Hermansen et al, 200741 57.3 52.4 10.2 8.3 ≥ 1500 mg/day Glimepiride ≥ 4 mg/d 2.5 
Holman et al, 200743 61.7 ± 9.8 64.1 Median: 9.0 8.5 ± 0.8 Max. tolerated dose Max. tolerated dose ≥ 4 
Janka et al, 200511 60.6 59.1 9.9 8.8 ≥ 850 mg/day Glimepiride: 3-4 mg/d  > 1 
Janka et al, 200713 69.4 56.1 11.6 8.9 ≥ 850 mg/day Glimepiride: 3-4 mg/d  ≥ 1 
Kendall et al, 200515 55.3 58.1 8.9 8.5 NR NR ≥ 3 
Ko et al, 200617 58.2 ± 11.0 50.0 12.7 ± 7.6 9.9 ± 1.0 2400 ± 600 mg (sig 

diff b/w groups) 
34% on glyburide (20 
mg/day); 20% on glipizide 
(20 mg/day); 46% on 
gliclazide (320 mg/day) 

≥ 6 

Lam et al, 199819 57.4 43.8 10.1 9.5 1790 ± 750 (SD; 
acarbose) 
1790 ± 780 (SD; 
placebo) 

Glyburide (10 mg BID) 
Gliclazide (160 mg BID) 

≥ 6 
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Combination therapy at baseline 
Author, year 

Avg. age 
(years) 

% Male 
Avg. duration 
of DM (years) 

Avg. A1C (%) 
Metformin 

dosage 
Sulfonylurea dosage 

Duration of stable 
combination 

therapy (months) 

Lopez-Alvarenga et al, 199921† 52.6 27.6 10.1 11.3 1200 mg/day Chlorpropamide (500 
mg/day) 

≥ 3 

Milicevic et al, 200923 57.4 31.9 9.1 9.7 NR NR ≥ 1.5 
Nauck et al, 200725 58.5 51.1 9.9 8.6 NR NR ≥ 3 
Ovalle et al, 200427 51.2 NR 7.6 8.8 NR NR NR 
Reynolds et al, 200729 NR NR NR 9.0 ≥ half-maximal  ≥ half-maximal ≥3 
Rosenstock et al, 200631 55.6 51.9 8.3 8.7 2000 mg/day or 

max. tolerated dose 
≥50% of the max. 
labelled dose 

≥3  

Ross et al, 200133 58.5 43.9 11.1 10.6 NR NR NR 
Russell-Jones et al, 200935 57.5 56.6 9.4 8.3 2000 mg/day Glimepiride 4 mg/day ≥ 0.75 
Standl et al, 200137 61.5 52.6 Median: 8.0 & 9.0 8.8 NR NR ≥ 6 
Stehouwer et al, 200339 57.9 50.2 7.9 9.4 1000 mg/day Glimepiride 6 mg/day 3 
Strojek et al, 200945 56.0 43.9 9.3 8.5 2550 mg/day Glimepiride 4-8 mg/day ≥ 1 
Vinik et al, 200742 55.6 51.9 8.3  2000 mg/day or 

max. tolerated dose 
≥50% of the max. 
labelled dose 

≥ 3 

Yki-Jarvinen et al, 200644 56 63.6 9.0 9.5 2.28 ± 0.06 g/day 
2.19 ± 0.05 g/day 

NR 0.75 

Avg=average; DM=diabetes mellitus; NR=not reported 
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APPENDIX 13: INCLUSION AND EXCLUSION CRITERIA FROM INCLUDED 
STUDIES 

 
Author, year Inclusion criteria Exclusion criteria 

Aljabri et al, 200410 Patients were 30 to 85 years old, had type 2 diabetes for more than 1 
year, and were taking maximally tolerated doses of an insulin 
secretagogue and metformin. All had received diabetes education, 
were on a diabetic diet, and were performing home blood glucose 
monitoring. Their most recent HbA1C measurement was >8.0% while 
undergoing stable diabetes treatment for >12 weeks. 

Exclusion criteria were previous use of insulin or a thiazolidenedione, class III or 
IV New York Heart Association heart failure, myocardial infarction or stroke in the 
past 6 months, liver disease, serum creatinine level >2 mg/dL, proliferative 
retinopathy, current glucocorticoid use, excess alcohol use, and pregnancy or 
breastfeeding. Patients were allowed to use ACE inhibitors, angiotensin receptor 
blockers, or lipid-lowering drugs if they had been taking a stable dose for >6 
weeks and there was no change in this therapy during the study. Patients could 
be withdrawn from the study if they had glucose levels that were considered to be 
acutely dangerous, had intolerable side effects from the therapy, or did not 
comply with the protocol. 

Al-Shaikh, 200612 Type 2 diabetes mellitus; treated on maximum dose of metformin and 
sulfonylureas for at least 3 months; A1c >8% and FBG>140 mg/dl 

Patients with chronic renal failure and severe cardiac disease; elderly patients 
(age >70 years) 

Bergenstal et al, 
200914 

Male and female subjects with type 2 diabetes for >6 months 
(American Diabetes Association criteria), age ≥18 and ≤80 years, 
HbA1c ≥ 8%, were insulin naive (subjects not on insulin, who had 
received no insulin for more than 2 weeks of daily use within 6 months 
preceding this trial), and had received therapy with metformin (at least 
1500 mg/day) and a sulfonylurea (at least half the maximal dose) for 3 
months before screening. The entry criteria were chosen to reflect a 
level of HbA1c at which most guidelines would recommend starting on 
insulin therapy 

Subjects were excluded if they had significant cardiac disease (New York Heart 
Association [NYHA] class III or IV congestive heart failure, unstable angina, 
and/or myocardial infarction) within 12 months prior to study, or had hepatic 
insufficiency (liver function tests ≥ 2.5 times the upper reference limit) or renal 
insufficiency (serum creatinine ≥1.3mg/dL for males; ≥1.2mg/dL for females). 
Subjects were excluded if they used thiazolidinediones, α-glucosidase inhibitors 
or meglitinides within the 6 months prior to the study, or had a history of an eating 
disorder or were receiving current treatment with a weight-reducing diet.  

Berhanu et al, 
200716 

Patients aged 18–80 years, with documented type 2 diabetes who 
could self-monitor blood glucose, were enrolled if previous combination 
therapy had failed (HbA1c > 8.0%) ≤3 months before screening. 
Previous combination therapy was defined as sulfonylurea with 
metformin, insulin plus metformin after failed sulfonylurea therapy or 
insulin alone after failed combination therapy with metformin and 
sulfonylurea. In these categories, >50% maximum sulfonylurea and 
≥2000 mg/day metformin doses were required. In addition, C-peptide 
levels ≥0.7 ng/ml and fasting plasma glucose levels >120 mg/dl were 
required. 

Exclusion criteria included TZD use <30 days or insulin treatment >3 months 
before screening; BMI <20 or >45 kg/m2; history of myocardial 
infarction, acute cardiovascular event, or cerebrovascular accident <6 months 
before screening; cardiac rhythm disturbance; significant cardiovascular disease 
including New York Heart Association class III or IV; uncontrolled hypertension; 
low-density lipoprotein (LDL) ≥ 175 mg/dl, triglycerides > 500 mg/dl or alanine 
aminotransferase (ALT) > 1.5 X upper limit of normal; diabetic nephropathy or 
anemia. Before and during the study, excluded medications were 
hydrochlorothiazide (at doses >25 mg/day), glucocorticoids, steroid injections for 
joints and niacin. Concurrent use of weight-loss agents and antidiabetic 
medications not included in this study was not permitted. 

Boye et al, 200618 Type 2 diabetes mellitus; inadequately controlled with orally 
administered sulfonylurea and metformin (i.e. HbA1c between 7.0% 
and 10.0%) 

Not reported 
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Author, year Inclusion criteria Exclusion criteria 

Charpentier et al, 
200920 

Male and female patients aged 30 years and older with type 2 diabetes 
diagnosed at least 2 years before inclusion were eligible for the study. 
Patients were also required to fulfill the following criteria: treatment for 
at least 3 months with a combination of metformin at a dose ≥ 1700 
mg/day and a sulfonylurea or a glinide at the maximal tolerated dose, 
HbA1c of 7.0–9.5% (inclusive) within 3 months of the trial and a body 
mass index (BMI) of 24–35 kg/m2 (inclusive). 

Exclusion criteria included type 1 diabetes; history of ketoacidosis; treatment with 
oral glucose–lowering monotherapy, more than two oral glucose–lowering agents 
or insulin; history of insulin therapy lasting more than 1 week; myocardial 
infarction within 6 months of inclusion; class I–IV heart failure; hypersensitivity to 
pioglitazone; current renal dialysis; severe or malignant disease; pregnant or 
breastfeeding status and participation in another clinical trial < 1 month 
previously. 

Dailey  et al, 200422 Patients with inadequately controlled type 2 diabetes (HbA1C >7.0% 
and ≤10.0%) were enrolled if they were between 20 and 78 years of 
age and had a body mass index between 23 and 40 kg/m2 (inclusive). 
All patients were on a stable regimen with an oral antidiabetic agent for 
8 weeks before screening. For the lead-in phase, the inclusion criterion 
for patients receiving maximum metformin (at least 2000 mg daily) and 
half-maximum sulfonylurea combination therapy was an HbA1C level 
>7.0% and ≤10.0%. For those receiving submaximal combination 
therapy or monotherapy, the inclusion criterion was an HbA1C level 
>7.5% and ≤11.0%. For the double-blind phase, the inclusion criterion 
was an HbA1C level >7.0% and ≤10.0% during the week before 
randomization with at least 7.5 mg of glyburide/1500 mg of metformin 
at the end of the lead-in phase. 

Exclusion criteria included uncontrolled diabetes (HbA1C levels ≥10%); polyuria 
and polydipsia with >10% weight loss; use of hypoglycemic agents other than 
stable daily doses of metformin, sulfonylureas, or thiazolidinediones within 8 
weeks before screening; renal dysfunction (serum creatinine level ≥1.5 mg/dL 
[men] or ≥1.4 mg/dL [women]); abnormal liver function (serum alanine 
aminotransferase, aspartate aminotransferase, or total bilirubin levels ≥twice the 
upper limit of normal); anemia; clinically substantial cardiac or psychiatric 
disease; and long-term insulin therapy. Patients were also excluded if they were 
unable or unwilling to perform self-monitoring of blood glucose levels. 

Davies et al, 200724 Insulin-naïve males and females with type 2 diabetes at least 12 
months, aged 30-80 years with A1c >7.0%. 

Myocardial infarction or cerebrovascular accident in preceding 6 months; severe 
concurrent disease; serum creatinine>150umol/L; BMI>43 kg/m2; previous use of 
insulin for > 2 weeks; women of childbearing potential not on adequate 
contraceptives. 

De Mattia et al, 
200926 

The primary inclusion criteria included male or female patients 
≥45 years old with a diagnosis of Type 2 diabetes mellitus (duration 
≥5 years); treatment with OADs in fixed combination (glibenclamide 
[2.5 mg] + metformin [400 mg]; two or three tablets per day) at a stable 
dose in the last 3 months; HbA1c ≥8 and ≤11%; BMI 27-35 kg/m2; and 
willingness and ability to inject insulin and perform SMBG. 

The primary exclusion criteria included patients diagnosed with Type 1 insulin-
dependent diabetes mellitus; patients with fasting C-peptide levels <1 ng/ml (to 
potentially exclude patients with latent autoimmune diabetes of adults); cardiac 
status New York Heart Association III–IV; impaired renal function as shown by 
(but not limited to) serum creatinine ≥1.5 mg/dl for males or ≥1.4 mg/dl for 
females; and planned pregnancy, pregnant or lactating females. 

Derosa et al28 type 2 diabetes mellitus, according to the ADA criteria. All were 
required to have been diagnosed as being diabetic for at least 6 
months, and did not have glycemic control with diet and oral 
hypoglycemic agents such as sulphonylureas and metformin [glycated 
hemoglobin (HbA1c) ≥6.5% and PPG ≥160mg/dl] 

Patients with a history of ketoacidosis or with unstable or rapidly progressive 
diabetic retinopathy, nephropathy, or neuropathy were excluded, as were patients 
with impaired liver function (defined as plasma aminotransferase [aspartate 
aminotransferase (AST normal values: 11–39 mU/ml), and alanine 
aminotransferase (ALT normal values: 11–34 mU/ml)] and/or gamma-
glutamyltransferase (γ-GT normal values: 11–53 mU/ml), impaired kidney 
function [defined as serum creatinine level (normal values: 0.6–1.3mg/dl)], or 
anaemia. Patients with unstable cardiovascular conditions (e.g., New York Heart 
Association class I–IV congestive heart failure or a history of myocardial infarction 
or stroke) or cerebrovascular conditions within 6 months of study enrolment were 
also excluded.  Women who were pregnant, lactating, or of child-bearing potential 
while not taking adequate contraceptive precautions were also excluded. 

Dorkhan et al, 
200930 

Patients with type 2 diabetes and inadequate glycemic control, defined 
as treatment with metformin and sulfonylurea/meglitinide in doses > 
50% of maximum recommended doses and HbA1c > 6.2% measured 
with Mono-S method (= 7% National Glycohemoglobin Standardisation 
Program). 

Patients with known heart failure or clinical signs of heart failure (New York Heart 
Association class II–IV) were excluded. Also excluded from the study were 
patients with significant valvular dysfunction (defined as more than mild 
regurgitation or presence of valvular stenosis), reduced ejection fraction (< 50%) 
or inappropriate acoustic window. 
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Author, year Inclusion criteria Exclusion criteria 

Esposito et al, 
200832 

Men and women age 30 to 70 years, with duration of known diabetes 
greater than 2 years who received treatment with stable doses of 
metformin and sulfonylurea for at least 90 days, were selected for the 
study. Other inclusion criteria were body mass index less than 40 
kg/m2, HbA1c levels between 7.5% and 10%, and fasting plasma 
glucose (FPG) levels of 6.7 mmol/L or greater (≥120 mg/dL). 

Exclusion criteria were pregnancy or breastfeeding, previous use of insulin, other 
antihyperglycemic drugs or triple oral antidiabetic treatment within the previous 6 
months, any investigational drug within the previous 3 months, sight-threatening 
retinopathy, use of agents affecting glycemic control (systemic glucocorticoids 
and weight-loss drugs), unawareness of hypoglycemia or recurrent major 
hypoglycemia, anticipated changes in concomitant medication affecting glucose 
regulation, uncontrolled hypertension (systolic blood pressure ≥180 mm Hg or 
diastolic blood pressure ≥105 mm Hg), and any clinically relevant somatic or 
mental diseases that may result in poor adherence to insulin regimens. To 
minimize the likelihood of including participants with late-onset type 1 diabetes, 
we excluded candidates with a positive test result for antiglutamic acid 
decarboxylase antibody or with fasting plasma C-peptide levels less than 0.76 
ng/L (<0.25 pmol/L). We also excluded patients with abnormal laboratory test 
results, including liver enzymes (alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase) greater than 3 times the upper limit of 
normal and serum creatinine levels greater than 123.8 µmol/L (>1.4 mg/dL), 
history of illicit drug use, and poor adherence to the 8-point daily glucose profile 
measurement during the screening phase. 

Gao et al, 200934 Male and female, 21 to 75 years, treated with a stable dose of one of 
the following for at least 3 months prior to screening: * >=1000 mg/day 
immediate-release metformin; or metformin ≥ 1000 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. 

Have participated in this study previously, or any other study using exenatide or 
GLP-1 analogs, or participated in 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 1 month of screening. 

Goudswaard et al, 
200436 

Younger than 76 years, had HbA1C ≥ 7.0% despite treatment with both 
sulfonylurea and metformin in maximally tolerated dosages, were 
willing to start insulin therapy, and were deemed by their family 
physician to be candidates for more tight glycemic control. 

Exclusion criteria were severe comorbidity (i.e., an illness that surpasses the 
impact of diabetes or was associated with a short life expectancy) and insufficient 
understanding of spoken Dutch to follow instructions. 

Hartemann-Heurtier 
et al, 200938 

The enrolled subjects were type 2 diabetic men or women 
(BMI ≥ 26 kg/m2) aged 18–80 years, with an HbA1c between 7.5% and 
9.5%, and treated with maximal tolerated and stable doses of 
sulfonylurea and metformin for ≥6 months 

Exclusion criteria included prior use of insulin or glitazone, use of other affecting 
glycemic control agents, ASAT or ALAT >2.5-fold above the upper limit of normal 
level, glomerular filtration rate <60 ml/min, heart failure ≥grade 2, hemoglobin 
<10 g/dl, and inability to provide informed consent. 

Heine et al, 200540 Patients were 30 to 75 years of age and were treated with stable and 
maximally effective doses of metformin and a sulfonylurea for at least 3 
months before screening. General inclusion criteria included a 
hemoglobin A1c level ranging from 7.0% to 10.0% at the time of 
screening, body mass index ranging from 25 kg/m2 to 45 kg/m2, and a 
history of stable body weight (≤10% variation for ≥3 months before 
screening). 

Patients were excluded if they 1) had participated in an interventional medical, 
surgical, or pharmaceutical study within 30 days before screening; 2) had more 
than 3 episodes of severe hypoglycemia within 6 months before screening; 3) 
were undergoing therapy for a malignant disease other than basal-cell or 
squamous-cell skin cancer; 4) had cardiac disease that was class III or IV 
according to the New York Heart Association criteria; 5) had a serum creatinine 
concentration of greater than 135 μmol/L (>1.5 mg/dL) for men or greater than 
110 μmol/L (>1.2 mg/dL) for women or had obvious clinical signs or symptoms of 
liver disease; 6) were receiving long-term (lasting longer than 2 weeks) systemic 
glucocorticoid therapy or had received such therapy within 2 weeks immediately 
before screening; 7) had used any prescription drug to promote weight loss within 
3 months before screening; or 8) had been treated (for more than 2 consecutive 
weeks) with insulin within 3 months before screening, with thiazolidinediones 
within 4 months before screening, with α-glucosidase inhibitors within 3 months 
before screening, or with meglitinides within 3 months before screening. 
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Author, year Inclusion criteria Exclusion criteria 

Hermansen et al, 
200741 

Men and women, ≥18 and ≤75 years of age, with type 2 diabetes were 
recruited for this study. Only the following patients were eligible to be 
screened: (i) already taking glimepiride alone (at any dose) or in 
combination with metformin (at any dose), (ii) taking another OAD in 
monotherapy or in dual- or triple-combination therapy or (iii) patients 
not taking any OADs over the prior 8 weeks.  

History of type 1 diabetes; were treated with insulin within 8 weeks of the 
screening visit; had renal dysfunction (creatinine clearance <45 ml/min or <60 
ml/min if on metformin); or had a history of hypersensitivity, intolerance or a 
contraindication to the use of glimepiride, sulphonylurea agents, metformin or 
pioglitazone (which was included in this study as rescue therapy). 

Holman et al, 200743 Type2 DM for at least 12 months; not been treated with insulin; ≥18 
years; suboptimal glycemic control (A1c between 7.0% and 10.0%) 
after maximally tolerated doses of metformin and sulfonylurea for at 
least 4 months (or one agent if the other was not tolerated); BMI 
≤40kg/m2 

History of thiazolidinedione therapy or triple oral antidiabetic treatment within the 
previous 6 months, sight-threatening retinopathy, a plasma creatinine level of 
1.47 mg per deciliter (130 μmol/L) or more, cardiac disease (a history of unstable 
angina or myocardial infarction within the previous 6 months or NYHA class III or 
IV congestive heart failure), hepatic disease or an alanine aminotransferase level 
at least two times as high as the upper limit of the normal range, unawareness of 
hypoglycemia or recurrent major hypoglycemia, anticipated changes in 
concomitant medication affecting glucose regulation, uncontrolled hypertension 
(systolic pressure ≥180 mmHg or diastolic pressure ≥105 mmHg), and the 
likelihood of pregnancy 

Janka et al, 200511 Male or female patients aged 35–75 years with a type 2 diabetes 
duration of at least 1 year and treated with a stable dose of 
sulfonylurea and metformin for at least 1 month; BMI ≤ 35 kg/m2, 
HbA1c  7.5-10.5%, and FBG levels ≥120 mg/dl (≥6.7 mmol/l).  

Any additional use of other oral blood glucose lowering agents, prior use of 
insulin exceeding 3 days, and a history of ketoacidosis. 

Janka et al, 200713 Type 2 diabetes for at least 1 year, male or female, ≥65 years, treated 
with a stable dose of sulfonylurea and metformin for at least 1 month 
before enrollment, BMI ≤ 35 kg/m2, A1c between 7.5% and 10.5% and 
FBG ≥120mg/dl (≥6.7mmol/l) 

Any additional use of other oral blood glucose-lowering agents, prior use of 
insulin exceeding 3 days, and a history of ketoacidosis 

Kendall et al, 200515 Screening fasting plasma glucose concentration <13.3 mmol/l, BMI 27–
45 kg/m2, inclusive, and an A1C value of 7.5–11.0%. The metformin 
dose was ≥1,500 mg/day, and the sulfonylurea dose was at least the 
maximally effective dose for 3 months before screening. In addition, 
subjects were weight stable (±10%) for 3 months before screening and 
had no clinically relevant (for a type 2 diabetes population) abnormal 
laboratory test values (>25% outside normal laboratory values). 
Female subjects were postmenopausal, surgically sterile, or using 
contraceptives for at least 3 months before screening and continuing 
throughout the study. 

Subjects were excluded if they had evidence of other clinically significant medical 
conditions or had used thiazolidinediones, meglitinides, α-glucosidase inhibitors, 
exogenous insulin, or weight loss drugs within the prior 3 months. Further 
exclusion criteria included therapy with corticosteroids, drugs known to affect 
gastrointestinal motility, transplantation medications, or any investigational drug. 

Ko et al, 200617 A1c ≥ 8.5% for 6 months or longer despite maximal doses of 
conventional OAD 

Type 2 diabetes with secondary OAD failure 

Lam et al, 199819 Chinese men and women aged 35-70 with type 2 diabetes for over 6 
months and stable weight (BMI < 30 kg/m2), A1c 8-4-10.8%  at least 
twice in past 3 months despite maximal doses of flibenclamide or 
gliclazide and metformin for over 6 months. 

serum creatine > 200umol/l, serum transaminases two times the upper normal 
range; significant diseases or conditions, including emotional disorders and 
substance abuse; ketonuria or symptomatic hyperglycemia; gastrointestinal 
diseases likely to be associated with abnormal gut motility or absorption; known 
lactose intolerance; other investigational drugs or medications known to affect 
glucose homeostasis (such as glucocorticoids) taken in the past 3 months; 
pregnant and nursing patients. 

Lopez-Alvarenga et 
al, 199921 

Type 2 diabetic patients aged 35–70 years with stable body weight 
(BMI 23-35 kg/m2) and without severe chronic complications, but with 
fasting plasma glucose above 8.8 mmol/l despite maximal doses of 
chlorpropamide (≥ 500 mg/day) and metformin (≥1200 mg/day) for at 
least 2 months, were eligible for recruitment. 

Exclusion criteria were as follows: serum creatinine > 200 mmol/l, fasting plasma 
glucose > 19.4 mmol/l, ketonuria, gastrointestinal diseases likely to be associated 
with malabsorption, women with child-bearing potential, and any other condition 
that the researchers considered as possible reasons for poor adherence to the 
treatments. 
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Author, year Inclusion criteria Exclusion criteria 

Milicevic et al, 
200923 

Patients with type 2 diabetes treated with OADs for at least 6 months 
before study entry and were on maximally tolerated doses of 
glibenclamide and metformin during at least the 6 week period 
preceding Visit 1, and had an A1C > 20% the upper limit of normal (in 
the local laboratory) on Visit 1 and at least on one occasion in the 6 
month period before entry.  Additional inclusion criteria included 
patients aged 40-80 years and a BMI between 25-32 kg/m2. 

Patients were excluded if type 1 diabetes could not be ruled out, if any other 
serious diseases were present (including ischemic heart disease, NYHA Class III 
or IV cardiac function status, liver disease, and end-stage kidney disease), or if 
they had advanced forms of diabetes complications.  Patients were also 
considered ineligible if their treatment during the last month before the study 
included insulin or OADs other than glibenclamide and metformin or if their blood 
glucose values at randomization were in the optimal range (as judged by the 
investigator). 

Nauck et al, 200725 Eligible patients were between 30 and 75 years of age and had 
suboptimal glycemic control despite receiving optimally effective 
metformin and sulfonylurea therapy for at least 3 months. Inclusion 
criteria included, at the time of screening, HbA1c levels ≥7.0 and 
≤11.0%, a BMI ≥25 and ≤40 kg/m2, and a history of stable body weight 
(≤10% variation for ≥3 months). 

Patients were excluded if they: (1) had had more than three episodes of severe 
hypoglycemia within 6 months prior to screening; (2) had used any prescription 
drug to promote weight loss within 3 months; or (3) had been treated with insulin, 
thiazolidinediones, alpha-glucosidase inhibitors or meglitinides for longer than 2 
weeks within 3 months. 

Ovalle et al, 200427 Subjects with type 2 diabetes who were inadequately controlled on a 
regimen of a sulfonylurea and metformin 

Not reported 

Reynolds et al, 
200729 

Type 2 diabetes; adults; recruited from the outpatient clinics of 
Lexington, Kentucky Veterans Administration Medical Center; receiving 
at least half-maximal stable doses of sulfonylurea and metformin for at 
least 3 months; with A1c ≥8% but <12%; expressing a willingness to 
take insulin; prescribed medications for concomitant conditions 
continued 

Not reported 

Rosenstock et al, 
200631 

Type 2 diabetes; >18 years of age; A1c≥7.5 and ≤11%; BMI>25kg/m2; 
Continuously using stable daily doses of ≥50% of the maximally labeled 
dose of a sulfonylurea and at least 1000 mg metformin for ≥3 months 
before the screening visit 

Stroke, myocardial infarction, angina pectoris, coronary artery bypass graft, or 
percutaneous transluminal coronary angioplasty within the previous 12 months; 
history of congestive heart failure; treatment with nonselective β-blockers; 
hypoglycemia unawareness; impaired renal function; active liver disease; 
substance or alcohol abuse; and malignancy and planned radiological 
examinations requiring administration of contrasting agents 

Ross et al, 200133 Subjects were on maximum tolerated doses of metformin and 
sulfonylureas with achieving glycemic control, defined as A1C < 130% 
above the upper limit of normal despite full compliance with diet and 
medication, and were not on long-term insulin therapy. 

Subjects with severe retinopathy or neuropathy and those who had had more 
than 2 severe hypoglycemic episodes in the past year. 

Russel-Jones et al, 
200935 

Type 2 diabetes aged 18-80 treated with OADs for at least 3 months 
before screening; A1c between 7-10%; BMI ≤45 kg/m2. 

Insulin use in previous 3 months unless for short-term intercurrent illness; 
impaired hepatic or renal function, clinically significant cardiovascular disease, 
proliferative retinopathy or maculopathy, hypertension ≥180/100 mmHg, cancer; 
pregnancy; recurrent hypoglycemia or unawareness of hypoglycemia; 
seropositive for Hepatitis B antigen or Hepatitis C antibody; used any drugs 
except OADs that could affect blood glucose levels. 

Standl et al, 200137 Male or female type 2 diabetes between ages 30-70 with diabetes for 
at least 3 years with diabetes uncontrolled by diet, glibenclamide and 
metformin at a stable dose for at least 3 mos.  A1c ≥ 7.5% and ≤10.5%, 
BMI ≤ 35kg/m2 and stable body weight (±5%) over preceding 3 mos.  
Fertile females required to use reliable contraception. 

Any medical condition that might affect the underlying diabetes or interpretation of 
study results; any medical condition or medication likely to affect gastrointestinal 
motility and/or absorption; the use of any oral glucose-lowing drugs other that 
metformin or glibenclamide in the preceding 6 months; diuretics and 
glucocorticoids unless at a constant dose for preceding 3 months; any other 
investigational drug in the 30 days preceding enrollment; weight-reducing diets 
≤1000 kcal/day; patients who were pregnant or breastfeeding. 

Stehouwer et al, 
200339 

HbA1c >7.0% with diet and oral hypoglycemic drugs (at least 3 tablets 
of sulfonylurea and 1000 mg of metformin), age 40 to 70 years and BMI 
25-40 kg/m2. 

Not reported 
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Author, year Inclusion criteria Exclusion criteria 

Strojek et al, 200945 Male and female insulin-naïve subjects with type 2 diabetes aged ≥ 18 
years, A1C > 7.0% and ≤11.0%, with a BMI ≤ 40 kg/m2, must have 
received OAD combination treatment with no more than three different 
OADs for at least 6 months prior to the trial. It was also a requirement 
that metformin and an insulin secretagogue had to be taken for at least 
2 months prior to the trial (at doses of at least half their maximal dose).  
 
In order to be randomized, subjects must have received an unchanged 
daily dose of metformin and glimepiride during the preceding week. All 
self-measured plasma glucose values before breakfast measured on 
three consecutive days must have been ≥6.0mmol/L, and at least one 
postprandial plasma glucose value must have been ≥8mmol/L. 

Subjects were excluded if they had known or suspected allergy to any of the trial 
products, were treated with thiazolidinediones during the preceding 5 months, 
had known hypoglycemia unawareness or recurrent major hypoglycemic 
episodes in the past 6 months, had serious heart disease, renal disease, or 
serious hematological or biochemical abnormalities or had any disease or used 
any drugs that might interfere with the trial. Females who were pregnant, breast-
feeding or intending to become pregnant were excluded. 

Vinik et al, 200742 See Rosenstock et al, 200631 See Rosenstock et al, 200631 

Yki-Jarvinen et al, 
200644 

Male or female patients aged 35–75 years with type 2 diabetes who 
had been treated with a stable dose (any dose) of sulfonylurea and 
metformin (≥1.5 g) or with metformin alone for at least 3 months prior to 
the screening visit at −4 weeks were enrolled. Further inclusion criteria 
included a BMI of 20–40 kg/m2, HbA1c ≥8.0%, a mean FPG of ≥7 
mmol/l during daily home glucose monitoring between the screening 
visit at −4 weeks and the phone call in week −2, and fasting serum C-
peptide ≥0.33 nmol/l (reference range 0.33-0.69 nmol/l).  
 

Exclusion criteria included use of other oral antihyperglycaemic agents, prior use 
of insulin, positive GAD antibodies or history of ketoacidosis, non-compliance with 
regard to daily measurement of FPG and one diurnal profile during the first 2 
weeks of run-in (patients with <80% of all desired values were excluded), 
abnormal safety laboratory tests, including liver enzymes (serum alanine 
aminotransferase [S-ALT], serum aspartate aminotransferase [S-AST], serum 
alkaline phosphatase [SAFOS]) higher than three times the upper limit of normal 
and serum creatinine ≥120 μmol/l (≥1.4 mg/dl), current or past history of alcohol 
or drug abuse, night shift work, pregnancy, treatment with any investigational 
drug in the 2 months before study entry, use of drugs likely to interfere with 
glucose control, clinically relevant major systemic disease other than diabetes 
that would make implementation of study protocol or interpretation of the results 
difficult, and mental health condition rendering the subject unable to understand 
the nature, scope and possible consequences of the study. Patients with diabetic 
retinopathy requiring surgical (laser or other) treatment in the 3 months before or 
during the study were also excluded. 
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APPENDIX 14: SAFETY REVIEW OF SECOND- AND 
THIRD-LINE ANTIDIABETES DRUGS  

The RCTs included in this therapeutic review of third-line antidiabetes drugs contained only limited data 
on the safety of these agents.  To supplement this information, additional literature searches were 
performed in Medline and Embase from 2006 to 2009 to identify reviews and large observational studies 
related to the safety (adverse events/reactions, harms, toxins, etc.) of anti-diabetes agents in patients 
with type 2 diabetes.  Furthermore, the FDA alerts database was searched from 2004 to 2009 for each 
agent of interest.  Finally, safety information from several large RCTs which did not meet the inclusion 
criteria for the therapeutic review was assessed.  These were identified from the systematic review search 
and from references in safety reviews.  Safety information is presented in this review by drug class.  
 
Sulfonylureas 
As insulin secretegogues, sulfonylureas are associated with higher rates of hypoglycemia than non-
secretagogue anti-diabetic agents.84  In a cohort study, Leese et al237 found that the incidence of severe 
hypoglycemia for patients with type 2 diabetes using a sulphonylurea was 0.9 (95% CI 0.6-1.3) events per 
100 patient-years, compared with 0.05 (0.01-0.2) events per 100 patient-years for patients on diet alone 
or metformin.  
 
A case-control study238 found increased pancreatic cancer risk with insulin secretagogues (sulfonylureas 
and meglitinides) users compared to non-users (odds ratio (OR), 95% CI: 2.52, 1.32-4.84), though the 
risk was increased only in patients who had been using these agents for less than 2 years. The authors 
suggested the possibility of reverse causality, i.e., that pancreatic cancer may worsen diabetes before the 
cancer is diagnosed, thus leading to increased use of insulin secretagogues.  A cohort study239 found an 
increased risk of all solid tumours (HR:1.36, 1.19-1.54), colorectal (HR: 1.80, 1.29-2.53), and pancreatic 
(HR: 4.95, 2.74-8.96) cancer, but not breast or prostate cancer, in patients using a sulfonylurea compared 
to those taking metformin. Patients taking a combination of metformin and a sulfonylurea showed an 
increased risk of colon cancer (HR: 1.43, 1.05-1.94), but not breast, prostate, or total solid tumour cancer 
compared to those on metformin alone, with a nearly statistically significant reduction in risk of pancreatic 
cancer (HR: 0.38, 0.13-1.12) compared to metformin alone.  The authors note that there is no evidence 
that sulfonylureas cause or promote cancer development, only that they are associated with a higher risk 
than metformin, which is increasingly being studied for its anti-cancer properties.239   
 
Observational studies show that compared to metformin, sulfonylureas are associated with increased risk 
of mortality and cardiovascular events.  A large American cohort study240 found lower rates of congestive 
heart failure (CHF) (HR: 0.76, 0.64-0.91) and mortality (HR: 0.54, 0.46-0.64) with metformin compared to 
sulfonylureas.  Similarly, a Scottish cohort study241 associated sulfonylureas with higher risks of mortality 
(risk ratio (RR):1.43, 1.15-1.77) and cardiovascular mortality (RR: 1.70, 1.18-2.45) compared to 
metformin.  However, as the authors point out, the risks associated with sulfonylureas are in line with 
those expected in a diabetic population; metformin may very well be cardioprotective rather than 
sulfonylureas cardiotoxic.  Apart from adding information to safety labels about drug interactions which 
may potentiate hypoglycemia (e.g. clarithromycin), and that patients sensitive to sulfonamide derivatives 
may be sensitive to various sulfonylureas, there were no alerts of interest issued by the FDA regarding 
sulfonylureas. 
 
Thiazolidindiones (TZDs) 
 
Cardiovascular risk 
A meta-analysis of RCTs by Nissen and Wolski242 involving more than 25,000 patients raised concerns 
that rosiglitizone was associated with an increase in myocardial infarction (MI) (OR: 1.43, 95%CI 1.03-
1.98)) and in deaths from cardiovascular causes (OR: 1.64, 0.98-2.74) over control groups, which were 
generally placebo, metformin, a sulfonylurea, or insulin, though death from cardiovascular causes did not 
achieve statistical significance.  In contrast, the RECORD116 trial, a large, long-term, open-label, industry-
sponsored RCT, found no significant increases in mortality, cardiovascular mortality, MI, or stroke with 
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rosiglitazone and metformin or sulfonylurea use when compared to metformin and sulfonylurea, though 
there was a significant increase in the risk of CHF (Hazard Ratio (HR): 2.10, 1.35-3.27).  The ADOPT117 
study, also a large, long-term, industry-sponsored RCT, found significantly higher rates of CHF in patients 
taking rosiglitazone compared to those taking glyburide (HR: 2.20, 1.01-4.79) but not those on metformin 
(HR: 1.22, 0.66-2.26).  There were significantly more serious cardiovascular events in both the 
rosiglitazone and metformin groups when compared to the glyburide group (p<0.05), though the risk of 
any cardiovascular event or the risk of MI were not significantly different.  Neither all-cause nor 
cardiovascular mortality were reported in ADOPT. 
 
In comparison, a meta-analysis120 of pioglitazone RCTs found no increase in the risk of myocardial 
infarction, death, or stroke compared to controls, but did find an increased risk of CHF (HR: 1.41, 1.14-
1.76).  The PROactive trial,243 a large, long-term, industry-sponsored RCT, found no increased risk of 
mortality, cardiovascular mortality, MIs, or strokes with pioglitazone over controls.  CHF was not reported 
in PROactive, though a smaller RCT244 found no significant increase in CHF when pioglitazone was 
compared to gliclazide. 
 
Many observational studies have assessed TZDs and cardiovascular risk, with variable results.  A 
Taiwanese cohort study245 involving almost the entire nation’s type 2 diabetic population (>470,000 
patients) found that patients receiving rosiglitazone monotherapy were at higher risk of cardiovascular 
events (a composite outcome of MI, CHF, stroke, angina pectoris and transient ischemic attack (TIA)) 
than those receiving metformin monotherapy (HR: 1.89, 1.29-1.85), though only MI, angina pectoris, and 
TIA were statistically significant individually.  Similar results were observed when patients on sulfonylurea 
monotherapy were the reference group.  No such increase in risk was observed with pioglitazone over 
metformin or sulfonylureas. 
 
Two large cohort studies246,247 found no significant differences in MI risk between TZD users and users of 
metformin and/or sulfonylureas.  A large case-control study248 found no additional risk of MI for individuals 
using TZDs for less than 12 months compared to non-TZD oral or insulin therapy users, but an increased 
risk when TZDs were used for longer than 12 months (pioglitazone OR: 1.13, 1.02-1.26; rosiglitazone OR: 
1.15, 1.04-1.27).  In contrast, another case-control study249 found that rosiglitazone exposure only carried 
a higher risk of MI (OR: 1.69, 1.18-2.44) compared to non-exposure use was recent (prescription ending 
1-60 days before index date), rather than current (prescription supply overlapped index date), or remote 
(prescription supply ended >60 days before index date). 
 
A large cohort study250 of seniors in an Ontario setting comparing pioglitazone to rosiglitazone, showed a 
decreased risk of CHF (HR: 0.77, 0.69-0.87) as well as all-cause mortality (HR: 0.86,0.75-0.98), but not 
MI (HR:0.95, 0.81-1.11) with pioglitazone use. Another large cohort study251 found a significantly lower 
risk of hospitalizations due to MI for pioglitazone users compared to rosiglitazone users (HR: 0.78, 0.63-
0.96). 
 
Fracture risk 
TZDs are associated with reduced bone mineral density in women.252  Both randomized115-117 and non-
randomized118,119 studies have found significantly more upper and distal lower limb fractures among 
women taking TZDs than those taking controls, which were generally placebo, metformin, and/or a 
sulfonylurea.  A meta-analysis by Loke et al252 of RCTs and observational studies found an overall higher 
risk of fracture in women (OR: 2.23, 1.65-3.01). The risk associated with TZDs appeared to increase with 
duration of therapy as well as age.118  Loke et al252 estimated that excess fractures with rosiglitazone 
ranged from 18 (95% CI: 10-29)  per 1000 patient-years in a female cohort with a mean age of 56 years, 
to 48 (26-71) in a cohort of women with a mean age of 72 years.  Studies comparing rosiglitazone to 
pioglitazone119,252 found no significant intra-class differences in fracture risk.   
 
Other safety events 
A prospective cohort study253 of over 140,000 patients found that TZD use (98% of which was 
pioglitazone) was associated with a higher risk of macular edema (OR: 1.6, 1.4-1.8). In terms of cancer 
risk, TZDs appear to pose no additional harm to patients over other antidiabetes drugs.   In a large case-
control study,254 multiple analyses were performed to compare TZD use to other antidiabetes therapies in 
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terms of breast, colon, and prostate cancer; the authors concluded the TZDs had neither a beneficial or 
deleterious effect for those cancer types.  A large cohort study255 involving nearly 90,000 male patients 
found no significant differences in colorectal or prostate cancer risk, but a reduction in lung cancer risk for 
TZD users compared  to non-TZD users (HR:  0.67, 0.51-0.87). TZDs have not been associated with 
increases in all-cause mortality over controls (mostly comprised of placebo, metformin, and/or 
sulfonylurea).116,117,240,243  However, a large cohort study250 found that pioglitazone was associated with a 
significantly lower risk of mortality compared to rosiglitazone (HR: 0.86, 0.75-0.98). In 2007, the FDA 
released notifications regarding increased risk of fracture in women, potential increased risk of myocardial 
ischemia, and strengthened a warning to watch for signs of congestive heart failure in patients taking 
pioglitazone or rosiglitazone, and of increased risk regarding macular edema with rosiglitazone.   
 
Meglitinides 
Like sulfonylureas, meglitinides are insulin secretegogues and can therefore increase the risk of 
hypoglycemia.84,256  In a mid-sized RCT256 comparing nateglinide with metformin to metformin with 
placebo, there were approximately twice as many hypoglycemic events in the 60 mg nateglinide arm and 
four times as many in the 120 mg nateglinide arm compared to the placebo arm (p=0.168 and 0.001, 
respectively). Little else is known concerning the risks of adverse events.84,257,258  No alerts of interest 
were issued by the FDA regarding meglitinides. Please see the sulfonylurea section for information about 
a possible association between meglitinides and pancreatic cancer. 
 
Alpha-glucosidase inhibitors 
Little information is available on the safety of alpha-glucosidase inhibitors.  Gastrointestinal side effects 
are very common (>10%) and usually consist of mild-to-moderate diarrhea, flatulence, or abdominal 
discomfort.84,259,260  There have also been 62 reports worldwide of serum transaminase elevations in 
patients taking acarbose, half of which had developed jaundice.97,259   Hepatic abnormalities resolved in 
the majority of these cases after acarbose was discontinued. 
 
Incretin agents (DPP-4 inhibitors and GLP-1 analogues) 
Due to their recent introduction to the market, there is little information available on the safety of incretin 
agents.  As of 2008, the FDA had received 30 post-marketing reports of acute pancreatitis in patients 
taking the GLP-1 agonist Byetta (exenatide), six of which were hemorrhagic or necrotizing.261  As of 
September 2009, the FDA had also received 88 reports of pancreatitis in patients taking the DPP-4 
inhibitor Januvia (sitagliptin), two of which were hemorrhagic or necrotizing.262  The manufacturer of 
exenatide has acknowledged that exenatide was associated with 1.7 cases of pancreatitis per thousand 
patient years during clinical development, compared to 3.0 and 2.0 cases per thousand patient-years for 
placebo and insulin respectively.263  Furthermore, the manufacturer funded a large cohort study,264 which 
found no difference in risk of pancreatitis among patients initiating exenatide [relative risk (RR):1.0, 0.6-
1.7] or the DPP-4 inhibitor sitagliptin (RR: 1.0, 0.5-2.0), compared with those initiating metformin or 
glyburide.  
 
In addition, as of October 2008, the FDA had received 62 cases of acute renal failure and 16 cases of 
renal insufficiency in patients receiving Byetta.265  The prescribing information for Byetta has been altered 
to highlight that it should not be prescribed to patients with severe renal impairment or renal disease. 
Although upper respiratory infections are listed as a possible side effect on the product monograph of 
Januvia,266 when it was compared by the manufacturer to placebo either alone or in combination with 
metformin or pioglitazone, no statistically significant differences were found.266,267 
 
In December 2008, the FDA issued new guidance on assessing unacceptable cardiovascular risk for new 
type 2 diabetes treatments. The FDA independently analyzed cardiovascular data from the saxagliptin 
phase 2/3 clinical program (eight RCTs). The FDA concluded that saxagliptin was not associated with an 
increased risk for cardiovascular events in patients who were mainly at low risk for these events; 
however, they are requiring a post-market study that will specifically evaluate cardiovascular safety in a 
higher risk population.121 
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Insulins 
The use of insulin carries a higher risk of hypoglycemia compared to other anti-diabetic medications.  In a 
2003 cohort study, Leese et al237 found that the incidence of severe hypoglycemia for patients with type 2 
diabetes using insulin was 11.8 (95% CI 9.5-14.1) events per 100 patient-years, compared with 0.05 
(0.01-0.2) events per 100 patient-years for patients on diet alone or metformin. High circulating levels of 
insulin are thought to be linked to increased cancer risk.239,268  Observational studies have reported 
increased risk of cancer with the use of exogenous human insulin and drugs that increase endogenous 
insulin levels (e.g., sulfonylureas).239 While unconfirmed in humans, in vitro studies indicate that changes 
to the structure of conventional insulin (such as in insulin analogues) may increase its mitogenic effects, 
possibly further increasing the risk of cancer.239 
 
Recently, four cohort studies239,268-270 examined the risk of cancer in patients using insulin glargine 
compared to those using other types of insulins.  One270 of the four studies reported that women using 
insulin glargine alone had higher risk of breast cancer (RR: 1.97, 1.30-3.00) than women using an insulin 
other than glargine.  Similarly, two268,269 studies found a slightly higher overall risk (HRs ranged from 1.09, 
1.00-1.19 to 1.31, 1.20-1.42  depending on dosing and study) of cancer when patients used insulin 
glargine alone compared to  those using human insulin. One study239 found no significant differences in 
cancer risk between insulin types.  It is noteworthy that all four studies performed multiple statistical 
comparisons, only a few of which were significant. 
 
Similar to insulin secretagogues, a case-control study238 found increased pancreatic cancer risk with 
insulin users compared to non-users (OR: 4.99, 2.59-9.61).  Again, this increased risk was seen only in 
patients who had been using insulin for less than 2 years, raising the possibility of reverse causality.  A 
cohort study239 found an increased risk of all cancers (HR:1.42, 1.27-1.60), colorectal (HR: 1.69, 1.23-
2.33) and pancreatic (HR:4.63, 2.64-8.10), but not breast or prostate cancer, in patients using insulin 
compared to those taking metformin.  Apart from a notice concerning the cohort studies linking glargine to 
cancer risk, no alerts of interest were issued by the FDA regarding insulins. 
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APPENDIX 15:  DOSAGE ADJUSTMENTS IN 
PATIENTS WITH RENAL IMPAIRMENT 

 
Table 23: Information regarding dosage adjustments in patients with renal impairment  
Generic Name Information for renal impairment  
Sulfonylureas 
Gliclazide / 
Gliclazide MR 

Gliclazide: Contraindicated in the presence of renal impairment 
Gliclazide MR: The efficacy and tolerance of Diamicron MR 30 mg, prescribed 
using the same therapeutic regimen in subjects with mild to moderate renal failure 
(creatinine clearance of between 15 and 80 mL/min), has been confirmed in clinical 
trials. The dosage will therefore be identical to that in subjects with normal renal 
function. 

Glimepiride  Amaryl is not recommended for use in pregnancy, nursing mothers, or children. In 
elderly, debilitated, or malnourished patients, or in patients with renal or hepatic 
insufficiency, the initial dosing, dose increments, and maintenance dosage should 
be conservative to avoid hypoglycemic reactions 

Glyburide  Avoid. Active metabolite but no dosage adjustment required  

Chlorpropamide  Avoid. Active metabolite; assume ≥ 75% renal elimination for dosage adjustment  

Glipizide  The metabolism and excretion of Glucotrol may be slowed in patients with impaired 
renal and/or hepatic function. If hypoglycemia should occur in such patients, it may 
be prolonged and appropriate management should be instituted. 

Tolbutamide  Patients with mild to moderate renal impairment should start with lower doses and 
have careful monitoring of the blood glucose levels.  Tolbutamide should not be 
used in patients who have or have ever had serious impairment of renal function. 

Thiazolidinediones 
Pioglitazone No dose adjustment in patients with renal dysfunction is recommended. 

Rosiglitazone  No dosage adjustments in patients with renal impairment. 

Meglitinides 
Nateglinide  No dosage adjustment is necessary in patients with mild to severe renal 

insufficiency or in patients with mild hepatic insufficiency. 
Repaglinide  Typically, GlucoNorm does not require initial dose adjustment in patients with 

reduced kidney function. However, subsequent increases in GlucoNorm should be 
made carefully in patients with type 2 diabetes who have renal function impairment 
or renal failure requiring hemodialysis 

Alpha-glucosidase inhibitors 
Acarbose  Patients with severe renal impairment (creatinine clearance <25 mL/min/1.73 m2) 

attained about 5 times higher peak plasma concentrations of acarbose and 6 times 
larger AUCs than volunteers with normal renal function. 

Miglitol Plasma concentrations of Glyset in renally impaired volunteers were proportionally 
increased relative to the degree of renal dysfunction. Long-term clinical trials in 
diabetic patients with significant renal dysfunction (serum creatinine > 2.0 mg/dL) 
have not been conducted. Therefore, treatment of these patients with Glyset is not 
recommended. 

DPP-4 inhibitors 
Sitagliptin Use of sitagliptin in patients with moderate or severe renal insufficiency including 

those with end-stage renal disease is not recommended. 
Vildagliptin  No dose adjustment is required in patients with mild renal impairment (creatinine 

clearance ≥ 50 ml/min). The use of Galvus is not recommended in patients with 
moderate or severe renal impairment or in haemodialysis patients with end-stage 
renal disease. 

Saxagliptin Use of Onglyza in patients with moderate to severe renal impairment, including 
patients with end stage renal disease requiring hemodialysis is not recommended. 
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Table 19 (cont’d): Information regarding dosage adjustments in patients with renal impairment  
Generic Name Information for renal impairment  
GLP-1 analogues 
Exenatide CrCl 30-50: no adjustment, caution advised when initiating or escalating dose from 5 μg to 

10 μg; CrCl <30, HD: not recommended 
Liraglutide No dose adjustment is required for patients with mild renal impairment (creatinine 

clearance ≤ 60-90 ml/min). There is very limited therapeutic experience in patients with 
moderate renal impairment (creatinine clearance of 30-59 ml/min) and no therapeutic 
experience in patients with severe renal impairment (creatinine clearance below 30 
ml/min). Victoza can currently not be recommended for use in patients with moderate and 
severe renal impairment including patients with end-stage renal disease. 

AUC=area under curve; CrCl=Creatinine Clearance; MR=modified release 
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APPENDIX 16: DETAILED ADVERSE EVENT DATA 
FROM INDIVIDUAL TRIALS 

The following table was compiled from original publications of the included RCTs, and provides a 
summary of the following: withdrawals due to adverse events, serious/severe adverse events, and deaths 
occurring during these trials. Following this information, a summary is provided of relevant information 
located from a supplemental safety data report. 
 
Table 24: Summary of Trials Reporting Adverse Event Data   

Study / Outcomes Intervention 1 Intervention 2 Intervention 3 
Aljabri et al, 200410 Pioglitazone + SU + Met Insulin NPH + SU + Met ——— 

Withdrawals due to AE 0/30 0/28 ——— 
Patients with severe AE  0/30 0/28 ——— 
Patients with serious AE  0/30 0/28 ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Al-Shaikh, 200612 Insulin glargine + SU + Met Biphasic insulin (30/70) ——— 
Withdrawals due to AE 0/111 0/110 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Bergenstal et al, 200914 Exenatide + Met + SU BIAsp30 (QD) + Met + SU BIAsp30 (BID) + Met + SU 
Withdrawals due to AE 9/124 0/124 2/124 
Patients with severe AE  NR NR NR 
Patients with serious AE  NR NR 3/124 
Type of SAE NR NR  hyperglycemia and 

hypokalemia: n = 2 
(possibly drug related) 

 death from cardiac 
arrhythmia: n = 1 (not drug 
related) 

Number of deaths 0/124 0/124 1/124 
Berhanu et al, 200716 Insulin + Pioglitazone + 

Met 
Insulin + Placebo + Met ——— 

Withdrawals due to AE 1/110 4/112  
Patients with severe AE  NR NR ——— 
Patients with serious AE  4/110 2/112 ——— 
Type of SAE NR NR ——— 
Number of deaths 0/110 0/112 ——— 

Boye et al, 200618 Exenatide + Met + SU Insulin glargine + Met + 
SU 

——— 

Withdrawals due to AE NR NR ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Charpentier et al, 200920 Pioglitazone + Met + SU Placebo + Met + SU ——— 
Withdrawals due to AE 2/142 3/147 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  7/145 5/154 ——— 
Type of SAE NR NR ——— 
Number of deaths 1/145 0/154 ——— 

Dailey et al, 200422 Rosiglitazone + Met + SU  Placebo + Met + SU ——— 
Withdrawals due to AE 10/181 5/184 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  3/181 8/184 ——— 
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Study / Outcomes Intervention 1 Intervention 2 Intervention 3 
Type of SAE NR NR ——— 
Number of deaths 0/181 1/184 ——— 

Davies et al, 200724 Biphasic 30/70 human 
insulin (BID) + Met 

NPH insulin (HS) + 
Repaglinide (AC) + Met 

NPH Insulin (HS) + Met 

Withdrawals due to AE 0/27 0/26 0/29 
Patients with severe AE  NR NR NR 
Patients with serious AE  NR NR NR 
Patients with major AE  0/27 0/26 0/29 
Type of SAE NR NR NR 
Number of deaths NR NR NR 

De Mattia et al, 200926 Insulin glargine + Met + SU NPH Insulin + Met + SU ——— 
Withdrawals due to AE NR NR ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Derosa et al28 Acarbose + Met + SU Rapaglinide + Met + SU ——— 
Withdrawals due to AE 1/52 NR ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Dorkhan et al, 200930 Pioglitazone + Met + SU Insulin glargine + Met + 
SU 

——— 

Withdrawals due to AE N/A N/A ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Esposito et al, 200832 NPL insulin + Met + SU Insulin glargine + Met + 
SU 

——— 

Withdrawals due to AE 0/58 0/58 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  1/58 1/58 ——— 
Type of SAE Gastroenteritis (not 

considered to be related to 
the study drug) 

Atrial fibrilliation (not 
considered to be related 
to the study drug) 

——— 

Number of deaths 0/58 0/58 ——— 
Gao et al, 200934 Exenatide + Met + SU Placebo + Met + SU ——— 

Withdrawals due to AE 23/234 3/232 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Goudswaard et al, 200436 NPH insulin + Met + SU Biphasic insulin (70/30) ——— 
Withdrawals due to AE NR NR ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Hartemann-Heurtier et al, 
200938 

Pioglitazone + Met + SU NPH insulin + Met + SU ——— 

Withdrawals due to AE 0/14 1/13 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Heine et al, 200540 Exenatide + Met + SU Insulin glargine + Met + 
SU 

——— 
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Study / Outcomes Intervention 1 Intervention 2 Intervention 3 
Withdrawals due to AE 27/282 2/267 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Hermansen et al, 200741 Sitagliptin + Met + SU Placebo + Met + SU ——— 
Withdrawals due to AE 2/116 2/113 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  7/116 2/113 ——— 
Type of SAE Not defined but all were not considered related to the 

study drug   
——— 

Number of deaths 1/116 0/113 ——— 
Holman et al, 200743 Insulin aspart + Met + SU Insulin detemir + Met 

+ SU 
Biphasic insulin aspart 30 

+ Met + SU 
Withdrawals due to AE 0/239 4/234 2/235 
Patients with severe AE  NR NR NR 
Patients with serious AE  30/239 30/234 41/235 
Type of SAE Gastrointestinal and abdominal pain or infection, lower respiratory tract and lung 

infection, ischemic coronary-artery disorder, other infection 
Number of deaths 1/239 0/234 3/235 

Janka et al, 200511 Insulin glargine + Met + SU 30/70 NPH + placebo ——— 
Withdrawals due to AE 1/177 6/187 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Janka et al, 200713 Insulin glargine + Met + SU 30/70 NPH + placebo ——— 
Withdrawals due to AE 1/67 2/63 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Kendall et al, 200515 Exenatide (5 μg BID) + Met + 
SU 

Exenatide (10 μg BID) + 
Met + SU 

Placebo + Met + SU 

Withdrawals due to AE NR NR NR 
Patients with severe AE  29/245 34/241 20/247 
Patients with serious AE  15/245 12/241 15/247 
Patients with nausea 12/245 7/241 2/247 
Type of SAE NR NR NR 
Number of deaths NR NR NR 

Ko et al, 200617 Rosiglitazone + Met + SU NPH Insulin + Met + SU ——— 
Withdrawals due to AE 4/56 0/56 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Lam et al, 199819 Acarbose + Met + SU Placebo + Met + SU ——— 
Withdrawals due to AE 1/45 2/44 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Lopez-Alvarenga et al, 
199921 

Acarbose + Met + SU Insulin NPH + MET + SU Placebo + Met + SU 

Withdrawals due to AE N/A N/A N/A 
Patients with severe AE  NR NR NR 
Patients with serious AE  NR NR NR 
Type of SAE NR NR NR 
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Study / Outcomes Intervention 1 Intervention 2 Intervention 3 
Number of deaths NR NR NR 

Milicevic et al, 200923 Insulin NPH + SU LM50/50 and LM25/75 ——— 
Withdrawals due to AE 5/67 1/68 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Nauck et al, 200725 Exenatide + Met + SU Biphasic insulin aspart  ——— 
Withdrawals due to AE NR NR ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  19/253 11/248 ——— 
Type of SAE NR NR ——— 
Number of deaths 2/253 1/248 ——— 

Ovalle et al, 200427 Rosiglitazone + Met + SU Biphasic insulin 70/30 ——— 
Withdrawals due to AE N/A N/A ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Reynolds et al, 200729 Rosiglitazone + Met + SU Insulin glargine + Met + 
SU 

——— 

Withdrawals due to AE 3/20 0/20 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Rosenstock et al, 200631 Rosiglitazone + Met + SU Insulin glargine + Met + 
SU 

——— 

Withdrawals due to AE 9/112 2/104 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  11/112 5/105 ——— 
Type of SAE Hypoglycemia, overdose, fibroid tumors and iron deficiency ——— 

Number of deaths NR NR ——— 
Ross et al, 200133 Insulin lispro + Insulin NPH Human insulin + Insulin 

NPH 
——— 

Withdrawals due to AE NR NR ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Russell-Jones et al, 200935 Liraglutide + Met + SU Insulin glargine + Met + 
SU 

Placebo + Met + SU 

Withdrawals due to AE 11/230 5/232 1/114 
Patients with severe AE  NR NR NR 
Patients with serious AE  9/230 16/232 8/114 
Type of SAE NR NR NR 
Number of deaths NR NR NR 

Standl et al, 200137 Miglitol + Met + glyburide Placebo + Met + 
glyburide 

——— 

Withdrawals due to AE 2/65 4/68 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  5/77 5/77 ——— 
Type of SAE NR NR ——— 
Number of deaths NR NR ——— 

Stehouwer et al, 200339 NPH insulin + SU NPH insulin + 30/70 
insulin NPH 

NPH insulin 

Withdrawals due to AE NR NR NR 
Patients with severe AE  NR NR NR 
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Study / Outcomes Intervention 1 Intervention 2 Intervention 3 
Patients with serious AE  NR NR NR 
Type of SAE NR NR NR 
Number of deaths NR NR NR 

Strojek et al, 200945 Insulin glargine + Met + SU BIAsp30 + Met + SU ——— 
Withdrawals due to AE 4/241 5/239 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  NR NR ——— 
Type of SAE NR NR ——— 
Number of deaths 1/241 0/239 ——— 

Vinik et al, 200742 Rosiglitazone + Met + SU Insulin glargine + Met + 
SU 

——— 

Withdrawals due to AE 9/112 2/104 ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  11/112 5/105 ——— 
Type of SAE Hypoglycemia, overdose, fibroid tumors and iron deficiency ——— 
Number of deaths NR NR ——— 

Yki-Jarvinen et al, 200644 Insulin glargine + Met NPH Insulin + Met ——— 
Withdrawals due to AE 1/55 (pancreatic cancer) 1/55 (pulmonary cancer) ——— 
Patients with severe AE  NR NR ——— 
Patients with serious AE  1/55 4/58 ——— 
Type of SAE Endometriosis (considered 

unrelated to the study 
medication) 

Anaphylactic reaction, 
atrial fibrillation, 
gastoenteritis, pulmonary 
emphysema (considered 
unrelated to the study 
medication)  

——— 

Number of deaths 0/55 0/55 ——— 
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APPENDIX 17: ASSESSMENT OF POTENTIAL SOURCES OF BIAS 

 

Study 
Double 
blind? 

Adequate 
concealment 

ITT analysis 
performed 

A priori sample 
size calculation 

for primary 
outcome? 

Notes regarding potential for bias 
 

Aljabri et al, 200410 No Yes No Yes (hypoglycemia) Open label design and the use of a per protocol analysis are the 
primary sources of bias for this trial. 

Al-Shaikh, 200612 No Unclear Yes No No methods provided for randomization, allocation concealment, 
and outcome assessment. The study used an open label design. 
Baseline characteristics were poorly reported. 

Bergenstal et al, 
200914 

No Yes No Yes (A1C) The potential sources of bias with this trial include: did not use an 
intention-to-treat analysis; the design was open-label; 
disproportionate number of withdrawals between treatment arms 
(BIAsp 30 QD: 16%, BIAsp 30 BID: 19%, exenatide: 30%). 

Berhanu et al, 200716 Yes Yes Yes Yes (change in 
insulin dosage) 

All components were well or adequately addressed. 

Charpentier et al, 
200920 

Yes Unclear No Yes (A1C) Poor description of methods for randomization, allocation 
concealment, and blinding.  Did not use an ITT analysis. 

Dailey  et al, 200422 Yes Unclear Yes Yes (A1C) Poor reporting of methods for randomization and allocation 
concealment. Methods of blinding and measuring of outcomes 
were not provided. Proportion of drop-out is high and 
disproportionate (rosiglitazone: 19.9% vs. placebo: 37%). This is 
primarily due to hyperglycemia, as the other reasons are 
relatively well-balanced. 

Davies et al, 200724 PA Unclear No Yes (A1C) No methods were provided for allocation concealment.  
Additional concerns include the failure to conduct an ITT analysis 
and the significant difference in baseline A1C between the 
groups. 

De Mattia et al, 200926 No Unclear Yes No No description of methods for randomization and allocation 
concealment. The trial used an open label design.  Very little 
information provided concerning the baseline characteristics of 
each group. 

Derosa et al28 Yes Yes Yes Yes (PPG) All major sources of bias were addressed. 

Dorkhan et al, 200930 No Unclear Yes No Open label design, no mention of allocation concealment, and 
uncertainty about sulfonylurea and metformin doses being similar 
between arms. 

Esposito et al, 200832 No Yes No Yes (A1C) Only concerns are the open-label design and the analysis was 
not ITT. 
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Study 
Double 
blind? 

Adequate 
concealment 

ITT analysis 
performed 

A priori sample 
size calculation 

for primary 
outcome? 

Notes regarding potential for bias 
 

Gao et al, 200934 Yes Unclear Yes Yes (A1C) Failure to provide methods for allocation concealment and the 
disproportionate number of withdrawals (17.5% for add-on 
exenatide vs. 10.3% for add-on placebo) are the primary 
concerns with this trial. 

Goudswaard et al, 
200436 

No Yes Yes Yes (A1C) The open-label design and the statistically and clinically 
significant differences in body weight and BMI between groups 
are the primary concerns. The mean body weight differed by 
more than 15 kg between the groups. The overall proportion of 
withdrawals exceeded 20% and the number of treatment failures 
was substantially greater in the insulin combination treatment 
arm. The source of funding was not reported and the authors did 
not provide conflict of interest statements. 

Hartemann-Heurtier et 
al, 200938 

PA Yes Yes Yes (abdominal fat 
content) 

The majority of components were adequately addressed. The 
exceptions were the failure to provide methods for the 
assessment of glycemic control and blinding. 

Heine et al, 200540 
Boye et al, 200618 

No Unclear Yes Yes (A1C) No methods were provided for randomization and allocation 
concealment.  The trial used an open label design. 

Hermansen et al, 
200741 

Yes Yes No No A majority of the important sources of bias have been addressed.  
Only concerns are with the failure to conduct an ITT analysis and 
a slightly high dropout rate.  

Holman et al, 200743 No Yes Yes Yes (A1C) The only important source of bias is the open label design. 

Janka et al, 200511 
Janka et al, 200713 

No Yes Yes Yes (A1C) A majority of the important sources of bias have been addressed.  
Open-label design and higher proportion of drop-outs in one arm 
are the main concerns (4% for glargine + OADs vs. 15% for 
premixed insulin). 

Kendall et al, 200515 Yes Unclear Yes Yes (A1C) There were no methods reported for allocation concealment and 
the proportion of dropouts exceeded 20%. 

Ko et al, 200617 No Unclear No Yes (A1C) Primary concerns are the lack of methods for allocation 
concealment, differing baseline A1C and doses of metformin, a 
lack of clarity regarding ITT analysis, and the open label design. 

Lam et al, 199819 Yes Unclear No No No methods were provided for allocation concealment and the 
analysis was not ITT. 

Lopez-Alvarenga et al, 
199921 

No Unclear No Yes (FPG) Primary concerns are the use of a per-protocol analysis, high 
number of patient withdrawals, and use of an open-label design 
for the insulin treatment.  Potential unit of analysis errors in 
reporting the results (i.e., does not properly reflect the crossover 
design). 
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Study 
Double 
blind? 

Adequate 
concealment 

ITT analysis 
performed 

A priori sample 
size calculation 

for primary 
outcome? 

Notes regarding potential for bias 
 

Milicevic et al, 200923 No Unclear Yes Yes (2 hour PPG) Major sources of bias were the failure to properly report methods 
for allocation concealment, the open label trial design, and the 
disproportionate number of withdrawals in the Glib/NPH arm 
(17.9%) in comparison with the LM50/LM25 arm (5.9%). 

Nauck et al, 200725 No Yes Yes Yes (A1C) The trial used an open-label design. The proportion of 
withdrawals was twice as high in the exenatide arm (21%) than in 
the insulin arm (10%). 

Ovalle et al, 200427 No Unclear Yes No Primary concerns are the open label design and the failure to 
report methods for allocation concealment.  

Reynolds et al, 200729 No Unclear No No Blinding and allocation concealment were not addressed.  The 
analysis was not ITT and the there was no comparison of drop-
outs between the two groups. 

Rosenstock et al, 
200631 
Vinik et al, 200742 

No Unclear Yes No There were no methods reported for randomization and allocation 
concealment. The trial used an open-label design. The proportion 
of withdrawals was twice as high in the rosiglitazone arm (10.7%; 
12/112) than in the insulin glargine arm (5.8%; 6/104) 

Ross et al, 200133 No Unclear Yes No No description of methods for randomization and allocation 
concealment. The trial used an open label design. The proportion 
of withdrawals in each arm was not reported. 

Russell-Jones et al, 
200935 

Yes (2 
of 3 

arms) 

Yes Yes Yes (A1C) All major sources of bias were addressed; however, the insulin 
glargine arm was open-label. 

Standl et al, 200137 Yes Unclear No Yes (A1C) Primary concerns are the failure to specify methods of allocation 
concealment, and poor reporting of results from the ITT analysis.  
Some discrepancy with the number of withdrawals reported. 

Stehouwer et al, 
200339 

No Unclear Yes No No description of methods for allocation concealment and there 
was no mention of withdrawals. The trial used an open trial 
design. 

Strojek et al, 200945 No Yes No Yes (A1C) Primary concerns are the open-label design and the failure to 
conduct a proper ITT analysis (although 95% of patients were 
included in the analysis). 

Yki-Jarvinen et al, 
200644 

No Unclear Yes Yes (A1C) Major sources of bias are the open label design and failure to 
properly report methods for allocation concealment. 

A1C=glycosylated haemoglobin; BIAsp=biphasic insulin aspart; BID=twice daily; ITT=intention to treat; NPH=neutral protamine Hagedorn; OADs=oral antidiabetes drugs; PA=Poorly 
Addressed; PPG=post-prandial glucose; QD=at bedtime 
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APPENDIX 18: SIGN-50 ASSESSMENT OF INTERNAL VALIDITY 

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 

Aljabri et al, 200410 AA WC AA NAd AA AA AA Yes PA N/A Poor 

Al-Shaikh, 200612 WC AA NAd NAd PA WC PA Yes AA N/A Poor 

Bergenstal et al, 
200914 

WC WC WC NAd AA AA AA No PA NAd Poor 

Berhanu et al, 
200716 

AA WC WC AA AA AA AA Yes WC NAd Very good 

Charpentier et al, 
200920 

WC NR NAd AA WC WC WC Yes PA NAd Poor 

Dailey  et al, 200422 AA NR PA AA AA AA PA No AA NAd Poor 

Davies et al, 200724 AA WC NAd PA PA AA AA Yes PA N/A Poor 

De Mattia et al, 
200926 

AA AA NAd NAd AA AA AA Yes AA NAd Poor 

Derosa et al28 AA WC WC AA AA AA WC Yes AA NAd Good 

Dorkhan et al, 
200930 

AA AA NAd NAd PA AA AA Yes WC N/A Poor 

Esposito et al, 
200832 

WC WC WC NAd AA AA AA Yes PA NAd Good 

Gao et al, 200934 AA AA PA AA WC AA AA Yes AA NAd Poor 

Goudswaard et al, 
200436 

WC WC WC NAd PA WC WC No WC N/A Poor 

Hartemann-
Heurtier et al, 
200938 

AA WC WC PA AA AA PA No AA N/A Good 

Heine et al, 200540 WC AA NAd NAd WC WC WC Yes AA NAd Poor 

Hermansen et al, 
200741 

WC WC WC AA AA WC WC Yes PA NAd Good 

Holman et al, 
200743 

AA WC WC NAd WC AA WC Yes WC AA Good 

Janka et al, 200511 AA WC AA NAd WC WC WC No AA NAd Good 

Kendall et al, 
200515 

AA AA PA AA AA AA AA No WC PA Poor 

Ko et al, 200617 AA AA NAd NAd PA AA AA Yes PA N/A Poor 

Lam et al, 199819 AA AA NAd AA AA AA AA Yes PA NAd Poor 

Lopez-Alvarenga et 
al, 199921 

AA AA NR NAd AA AA PA No PA N/A Poor 

Milicevic et al, 
200923 

WC AA NAd NAd WC WC WC No AA AA Poor 
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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 

Nauck et al, 200725 AA WC WC NAd AA AA AA Yes WC PA Good 

Ovalle et al, 200427 AA AA NAd NAd PA AA AA Yes WC N/A Por 

Reynolds et al, 
200729 

WC AA NAd NAd AA AA WC Yes PA N/A Poor 

Rosenstock et al, 
200631 

WC AA NAd NAd WC WC PA Yes AA NAd Poor 

Ross et al, 200133 WC AA NAd NAd AA AA AA NR AA NAd Poor 

Russel-Jones et al, 
200935 

AA WC AA AA AA AA AA Yes AA NAd Good 

Standl et al, 200137 AA AA PA AA AA AA AA No PA PA Poor 

Stehouwer et al, 
200339 

WC WC NAd NAd AA AA AA NR AA NAd Poor 

Yki-Jarvinen et al, 
200644 

AA WC NR NAd WC AA WC Yes AA AA Poor 

AA=adequately addressed, ITT=intention to treat, NAd=not addressed, NAp=not applicable, NR=not reported, PA=poorly addressed, QA=quality assessment, WC=well covered. 
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APPENDIX 19: ASSESSMENT OF EXTERNAL VALIDITY 

Study  

Aljabri et al, 200410  Power likely limited (n = 58).  Sample size calculated for hypoglycemia outcome. 
 Metformin and sulfonylurea doses at baseline were not reported.   
 Only 16 weeks in duration – may not be indicative of long-term efficacy. 
 Fasting glucose target (<6 mmol/L) was lower than recommended in Canada. 

Al-Shaikh, 200612  Conducted in Saudi Arabia – population and care patterns may not be reflective of Canada. 
 6 months duration – may not be indicative of long-term efficacy. 
 Hypoglycemia definitions not reported. 
 Fasting glucose target (<7.7 mmol/L) was higher than recommended in Canada. 

Bergenstal et al, 200914  24-week duration - may not be indicative of long-term relative efficacy. 
 Subjects were only required to take half-maximal doses of sulfonylureas before being classified as inadequately controlled 

– may not be reflective of clinical practice, where higher doses of sulfonylureas are likely to be tried before considering 
alternative therapy. 

 Disproportionate number of withdrawals between treatment arms (BIAsp 30 QD: 16%, BIAsp 30 BID:19%, exenatide: 30%). 
 Fasting glucose target (5.0-6.1 mmol/L) was lower than recommended in Canada. 

Berhanu et al, 200716  Baseline demographic data not reported. 
 Sample size calculated for primary outcome of insulin dose change – not a relevant outcome for systematic review. 
 Subjects were only required to take half-maximal doses of sulfonylureas before being classified as inadequately controlled 

– may not be reflective of clinical practice, where higher doses of sulfonylureas are likely to be tried before considering 
alternative therapy. 

 Treatment sequence does not reflect usual clinical practice, i.e., sulfonylurea discontinued, insulin added, then TZD added. 
 Primary outcome of insulin dose change not as clinically relevant as standard measures of efficacy and safety. 
 Hypoglycemia definitions not reported. 
 Fasting glucose target (<7.8 mmol/L) was higher than recommended in Canada. 

Charpentier et al, 200920  7 months duration – may not be indicative of long-term efficacy. 
 Hypoglycemia definitions not reported. 
 A1C target <6.5% is lower than that recommended in Canada. 
 Excluded patients with BMI > 35 kg/m2 – results may not be applicable to morbidly obese individuals. 

Dailey  et al, 200422  24-week duration - may not be indicative of long-term relative efficacy. 
 Differential drop out between groups: 20% in active arm vs. 37% in placebo arm. 
 Metformin and sulfonylurea doses at baseline were not reported.  Also, minimum duration of stable metformin and 

sulfonylurea combination therapy was less than 3 months, which is likely insufficient to determine whether adequate 
glycemic control was achieved. 

Davies et al, 200724  Power likely limited (<30 per treatment arm).  No sample size calculation described. 
 4 months duration – may not be indicative of long-term efficacy. 
 Sulfonylurea doses at baseline were not reported.  Also, the duration of stable metformin and sulfonylurea combination 

therapy was not reported.’ 
 Fasting glucose target (<6.0 mmol/L) was lower than recommended in Canada. 
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Study  

De Mattia et al, 200926  Very little information provided concerning the baseline characteristics of each group. 
 No sample size calculations.  Power likely very low given sample size (n = 20). 
 Combined formulation of metformin and glyburide not available in Canada. 
 Metformin and sulfonylurea doses at baseline were only 400 mg/day and 2.5 mg/day, respectively.  Higher doses are 

usually tried in clinical practice before adding third-line agents. 
 Study designed primarily to detect differences in glycemic variability; other clinical outcomes were secondary. 
 12-week duration - may not be indicative of long-term relative efficacy. 
 Hypoglycemia definitions not reported. 
 Fasting glucose target (<5.5 mmol/L) was lower than recommended in Canada. 
 Excluded patients with BMI > 35 kg/m2 – results may not be applicable to morbidly obese individuals. 

Derosa et al28  Diabetes duration substantially lower than most studies (mean = 3.3 to 3.7 years) – may limit generalizability of results 
since diabetes duration is related to pancreatic reserve. 

 Metformin and sulfonylurea doses at baseline were not reported.  Also, the duration of stable metformin and sulfonylurea 
combination therapy was not reported. 

 BMI lower than most studies (mean 27 kg/m2). 
 No hypoglycemia data reported. 
 12-week duration - may not be indicative of long-term relative efficacy. 
 Employed forced titration of trial medications independent of glycemic control, which is not reflective of clinical practice. 

Dorkhan et al, 200930  No sample size calculations.  Power likely limited due to very small sample (n = 30). 
 Metformin and sulfonylurea doses at baseline were not reported.  Also, the duration of stable metformin and sulfonylurea 

combination therapy was not reported. 
 Hypoglycemia data not reported. 
 Trial was designed to test differences b/w treatments in measures of fluid retention, an outcome that is of less clinical 

relevance as those of interest in the systematic review. 
 26-week duration - may not be indicative of long-term relative efficacy. 
 Fasting glucose target (<6.0 mmol/L) and A1C target (<6.2%) were lower than recommended in Canada. 

Esposito et al, 200832  Powered to detect a difference in A1C of 0.25%. 
 NPL insulin not available in Canada. 
 Metformin and sulfonylurea doses at baseline were not reported.   
 Only statistical significance considered. 
 36-week duration - may not be indicative of long-term relative efficacy. 
 Fasting glucose target (<5.6 mmol/L) was lower than recommended in Canada. 

Gao et al, 200934  Study conducted in Asian countries – may be less generalizable to Canada.  e.g., baseline BMI was lower than in European 
or North American studies. 

 Care patterns in Asian countries may differ from Canada, but no obvious issues. 
 Sulfonylurea doses at baseline were not reported.   
 Disproportionate number of withdrawals (17.5% for add-on exenatide vs. 10.3% for add-on placebo). 
 Only 16 weeks in duration – may not be indicative of long-term efficacy. 
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Study  

Goudswaard et al, 200436  Power likely limited for most outcomes due to small sample (n = 64), although sample size was calculated for a minimal 
detectable difference of 0.8% in A1C.   

 Metformin and sulfonylurea doses at baseline were not reported.  Also, the duration of stable metformin and sulfonylurea 
combination therapy was not reported. 

 The overall proportion of withdrawals exceeded 20%. 
 Biweekly calls by nurse during insulin titration unrealistic in routine clinical care. 

Hartemann-Heurtier et al, 
200938 

 Power likely very limited due to small sample size (n = 28). 
 Study designed to measure surrogates such as abdominal fat distribution.  The only reported outcome of interest to 

systematic review was A1C. 
 24-week duration - may not be indicative of long-term relative efficacy. 
 Hypoglycemia definitions not reported. 
 Fasting glucose target (<6.1 mmol/L) was lower than recommended in Canada. 

Heine et al, 2005;40 Boye et 
al, 200618 

 Non-inferiority study – powered to detect difference of 0.4% in A1C.  Likely adequately powered for other outcomes also 
given large sample size (n = 551). 

 Metformin and sulfonylurea doses at baseline were not reported.  Also, the duration of stable metformin and sulfonylurea 
combination therapy was not reported. 

 26-week duration - may not be indicative of long-term relative efficacy. 
 Higher dropout in exenatide arm (19% vs. 9%), mostly due to adverse effects. 
 Hypoglycemia definitions not reported. 
 Fasting glucose target (<5.5 mmol/L) was lower than recommended in Canada. 

Hermansen et al, 200741  24-week duration - may not be indicative of long-term relative efficacy. 
 Minimum duration of stable metformin and sulfonylurea combination therapy was less than 3 months, which is likely 

insufficient to determine whether adequate glycemic control was achieved. 
 Hypoglycemia definitions not reported. 

Holman et al, 200743  Powered to detect 0.4% difference in A1C.  Large sample size (n = 708) therefore power likely adequate for most 
outcomes. 

 Interim telephone contacts with patients – unrealistic in clinical practice. 
 Fasting (<5.5 mmol/L) and postprandial (<7.0 mmol/L) glucose targets were lower than recommended in Canada. 

Janka et al, 200511  Large study (n = 384), so power likely adequate for most outcomes. 
 Unequal dropout rate (4% for glargine + OADs vs. 15% for premixed insulin). 
 Also, minimum duration of stable metformin and sulfonylurea combination therapy was less than 3 months, which is likely 

insufficient to determine whether adequate glycemic control was achieved.  Also, minimum metformin dose required at 
baseline was only 850 mg/day. 

 24-week duration - may not be indicative of long-term relative efficacy. 
 Drop out rate higher in NPH 30/70 arm vs. glargine. 
 Fasting glucose target (<5.5 mmol/L) was lower than recommended in Canada. 
 Excluded patients with BMI > 35 kg/m2 – results may not be applicable to morbidly obese individuals. 
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Study  

Janka et al, 200713  Patients 65 years and older only (mean age 67 and 63 in the 2 groups) – unlikely to affect results substantially. 
 Minimum duration of stable metformin and sulfonylurea combination therapy was less than 3 months, which is likely 

insufficient to determine whether adequate glycemic control was achieved.  Also, minimum metformin dose required at 
baseline was only 850 mg/day. 

 No sample size calculation.   
 24-week duration - may not be indicative of long-term relative efficacy. 
 Fasting glucose target (<5.5 mmol/L) was lower than recommended in Canada. 
 Excluded patients with BMI > 35 kg/m2 – results may not be applicable to morbidly obese individuals. 

Kendall et al, 200515  Large sample size (n = 733), therefore likely adequate power for most outcomes. 
 Metformin and sulfonylurea doses at baseline were not reported.   
 30-week duration - may not be indicative of long-term relative efficacy. 
 Proportion of dropouts exceeded 20%. 
 Effects observed in fixed low-dose arm of exenatide are of limited generalizability since doses are likely to be titrated based 

on level of glycemic control in clinical practice. 
Ko et al, 200617  Study conducted in Hong Kong – population and treatment patterns may not be representative. 

 Mean BMI 25 kg/m2 – lower than most other studies. 
 Likely limited power for rarer outcomes such as severe hypoglycemia due to small sample size (n = 112). 
 Target A1C was <7.5%, which is higher than recommended in Canada. 
 Hypoglycemia was not assessed. 

Lam et al, 199819  Chinese patients – may be less generalizable to Canada. 
 Excluded subjects with BMI ≥ 30 (mean BMI was 24-25) – results may not be applicable to obese individuals. 
 Power likely limited due to small sample size (n = 89).  No sample size calculation. 
 6-week ‘dietary reinforcement’ likely not realistic. 
 24-week duration - may not be indicative of long-term relative efficacy. 
 Hypoglycemia definitions not reported. 

Lopez-Alvarenga et al, 
199921 

 Study conducted in Mexico – may limit generalizability to Canada. 
 BMI seems lower than most other studies (mean about 27), while A1C at baseline was much higher (>11%). 
 Sulfonylurea used was chlorpropamide, which is rarely used in Canada. 
 Insulin titration protocol appears to differ from other studies in that increments are not based on degree of hyperglycemia. 
 Hypoglycemia not defined. 
 3 months duration - may not be indicative of long-term relative efficacy. 
 Fasting glucose target (<7.7 mmol/L) was higher than recommended in Canada. 
 Excluded patients with BMI > 35 kg/m2 – results may not be applicable to morbidly obese individuals. 
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Study  

Milicevic et al, 200923  Power likely limited for rarer outcomes such as severe hypoglycemia due to relatively small sample size (n = 135). 
 Metformin and sulfonylurea doses at baseline were not reported.  Also, minimum duration of stable metformin and 

sulfonylurea combination therapy was less than 3 months, which is likely insufficient to determine whether adequate 
glycemic control was achieved. 

 Clinic visits every 4 weeks likely exceeds visit frequency in routine care. 
 Disproportionate number of withdrawals in the Glib/NPH arm (17.9%) in comparison with the biphasic lispro arm (5.9%). 
 Frequent SMBG (9-point profiles) not reflective of usual care. 
 24-week duration - may not be indicative of long-term relative efficacy. 
 Hypoglycemia definitions not reported. 
 Postprandial glucose target (<8.0 mmol/L) was lower than recommended in Canada. 
 Excluded patients with BMI > 32 kg/m2 – results may not be applicable to morbidly obese individuals. 

Nauck et al, 200725  Somewhat lower insulin doses at endpoint than in past studies. 
 Metformin and sulfonylurea doses at baseline were not reported.   
 The proportion of withdrawals was twice as high in the exenatide arm (21%) than in the insulin arm (10%). 
 Clinical relevance of 0.4% A1C margin was considered, although clinical relevance of observed weight loss not considered. 

Ovalle et al, 200427  Likely underpowered (n = 17).  No sample size calculations presented. 
 Metformin and sulfonylurea doses at baseline were not reported.  Also, the duration of stable metformin and sulfonylurea 

combination therapy was not reported. 
 Study designed to detect differences in measures of pancreatic beta-cell function, not clinical outcomes.  No data reported 

on hypoglycemia. 
 6 month duration - may not be indicative of long-term relative efficacy. 

Reynolds et al, 200729  Baseline demographic data not reported. 
 Limited power (n = 40), no sample size calculations. 
 Only half-maximal doses required for both metformin and sulfonylurea at baseline. 

Rosenstock et al, 2006;31 
Vinik et al,200742 

 No sample size calculations. 
 Subjects were only required to take half-maximal doses of sulfonylureas before being classified as inadequately controlled 

– may not be reflective of clinical practice, where higher doses of sulfonylureas are likely to be tried before considering 
alternative therapy. 

 Central supervision of insulin titration – may not be realistic for usual care. 
 The proportion of withdrawals was twice as high in the rosiglitazone arm (10.7%) than in the insulin glargine arm 5.8%). 
 24-week duration - may not be indicative of long-term relative efficacy. 
 Fasting glucose target (<5.5 mmol/L) was lower than recommended in Canada. 

Ross et al, 200133  Baseline A1C quite high compared with other studies (10.6%). 
 Metformin and sulfonylurea doses at baseline were not reported.  Also, the duration of stable metformin and sulfonylurea 

combination therapy was not reported. 
 No sample size calculations presented. 

Russel-Jones et al, 200935  Extensive patient contact (9 visits plus 2 phone calls) – likely not reflective of routine care. 
 26 week duration - may not be indicative of long-term relative efficacy. 
 Fasting glucose target (<5.5 mmol/L) was lower than recommended in Canada. 
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Study  

Standl et al, 200137  BMI at baseline somewhat lower than in other studies (mean 28 kg/m2). 
 Metformin and sulfonylurea doses at baseline were not reported.   
 Miglitol not available in Canada. 
 24-week duration - may not be indicative of long-term relative efficacy. 
 Hypoglycemia definitions not reported. 
 Excluded patients with BMI > 35 kg/m2 – results may not be applicable to morbidly obese individuals. 

Stehouwer et al, 200339  No power calculations presented.  Likely adequate power for most outcomes given sample size (n = 261). 
 Minimum dose of metformin at baseline was only 1000 mg/day – higher doses likely used in clinical practice. 
 Twice weekly adjustment by diabetes educator or diabetologist of insulin doses until targets reached is not realistic in 

clinical practice. 
 Hypoglycemia not defined. 
 9 month duration - may not be indicative of long-term relative efficacy. 

Strojek et al, 200945  Subjects were only required to take half-maximal doses of sulfonylureas before being classified as inadequately controlled 
– may not be reflective of clinical practice, where higher doses of sulfonylureas are likely to be tried before considering 
alternative therapy. 

 26-week duration - may not be indicative of long-term relative efficacy. 
Yki-Jarvinen et al, 200644  A1C mean 9.5% at baseline is higher than most other studies. 

 Metformin and sulfonylurea doses at baseline were not reported.  Also, minimum duration of stable metformin and 
sulfonylurea combination therapy was less than 3 months, which is likely insufficient to determine whether adequate 
glycemic control was achieved. 

 SMBG results sent to treatment centre by modem, and numerous phone calls by care providers -- not reflective of actual 
practice. 

 36 week duration - may not be indicative of long-term relative efficacy. 
 Fasting glucose target (<5.5 mmol/L) was lower than recommended in Canada. 

A1C=glycosylated haemoglobin; BIAsp=biphasic insulin aspart; BID=twice daily; BMI=body mass index; NPH=neutral protamine Hagedorn; NPL=neutral protamine lispro; 
PPG=post-prandial glucose; OADs=oral antidiabetes drugs; QD=at bedtime; SMBG=self-monitoring of blood glucose 
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APPENDIX 20: DESCRIPTION OF RUN-IN PERIODS 

 
Author, year Interventions/ comparators Description of run-in period 

Aljabri et al, 200410  Pioglitazone (30-45 mg/day) + Met + SU 
 NPH insulin (titrated to FG < 108 mg/dl) + Met 

+ SU 

 There was a 2-week run-in phase to determine if patients would likely comply with the study 
requirements (details were not specified) 

Al-Shaikh, 200612  Insulin glargine (HS) + Met + SU 
 Biphasic insulin (30% regular insulin + 70% 

NPH), 2/3 dose in morning and 1/3 dose in 
evening 

 None specified 

Bergenstal et al, 200914  Exenatide + Met + SU  
 BIAsp30 (QD) + Met + SU 
 BIAsp30 (BID) + Met + SU 

 None specified 

Berhanu et al, 200716  Insulin + Pioglitazone + Met   
 Insulin + Placebo + Met 

 After one week of screening, enrolled patients received instruction on insulin use and spent up 
to one week discontinuing sulfonylureas as applicable. Insulin was initiated and titrated to 
achieve FPG <140 and >70 mg/dl for four additional weeks; all patients received one or multiple 
daily injections of Humalog, Humulin 70/30 or Humulin N.  

 After the insulin titration period, the insulin type, dose and administration schedule were left to 
the discretion of the clinical investigator and adjusted to achieve FPG <140 mg/dl, while 
avoiding hypoglycaemia.  

 Throughout the insulin titration period, patients received instructions regarding diabetes, 
hypoglycaemia, nutrition and exercise. Patients attaining FPG <140 mg/dl during insulin titration 
were randomized. 

Charpentier et al, 200920  Pioglitazone (30-45 mg/day) + Met + SU
  

 Placebo + Met + SU 

 3 week run-in period (details were not specified) 

Dailey et al, 200422  Rosiglitazone (4-8 mg) + Met + SU  
 Placebo + Met + SU 

 Patients who had been receiving maximal combination therapy with metformin and a 
sulfonylurea (at least half-maximum dose) were enrolled in a 2-week, open-label, lead-in phase. 

 Patients in the 2-week phase received glyburide/metformin as two tablets each of 2.5/500 mg 
twice daily. No dose adjustment was necessary for this group. 

 Patients who had been receiving submaximal combination therapy with metformin (1000 to 
1700 mg/d) or monotherapy (metformin up to 2000 mg/d) were enrolled in a 12-week, open-
label, lead-in phase.  

 Patients in the 12-week phase were administered glyburide/metformin tablets at a dose of 
2.5/500 mg once daily if they were already receiving monotherapy, or at a dose of 7.5/1500 mg 
once daily if they were already receiving submaximal combination therapy.  

 The dose was titrated to a maximum of 10/2000 mg daily, if needed. Dose titration was 
performed based on the mean daily glucose levels calculated from the average of self-
measurements performed four times daily (morning fast, preprandial [twice], and bedtime) for 3 
to 5 days before each study visit. The glyburide/metformin dose was titrated if the mean daily 
glucose level was ≥ 126 mg/dL, or if the A1C level was ≥ 7.0%. Downward dose titration of 
glyburide/ metformin was allowed during the open-label phase to alleviate symptoms of 
hypoglycemia. 
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Author, year Interventions/ comparators Description of run-in period 
Davies et al, 200724  Biphasic 30/70 human insulin (BID) + Met

  
 NPH insulin (HS) + Repaglinide (AC) + Met 
 NPH Insulin (HS) + Met 

 Four week run-in period (details were not specified)  

De Mattia et al, 200926  Insulin glargine + Met + SU  
 NPH Insulin + Met + SU 

 One week run-in period where patients where given standardised diet instructions. 

Derosa et al, 200928  Acarbose + Met + SU 
 Rapaglinide + Met + SU 

 Four week run-in period (details were not specified) 

Dorkhan et al, 200930  Pioglitazone + Met + SU 
 Insulin (glargine) + Met + SU 

 None specified 

Esposito et al, 200832  NPL insulin (HS) + Met + SU 
 Insulin glargine (HS) + Met + SU 

 Four week screening phase where the investigators obtained informed consent, recorded 
medical histories, did physical examinations, and determined whether patients met inclusion 
and exclusion criteria.   

 Participants were trained to use the medical devices used in the study, either insulin pens or 
blood glucose meters, and were asked to discontinue the dinner sulfonylurea dose, if taken, and 
replace it with metformin, 850 mg. 

Gao et al, 200934  Exenatide (10 μg BID) + Met + SU 
 Placebo (BID) + Met + SU 

 Two-week, single blind, placebo lead-in period to acclimatize injection-naïve patients 

Goudswaard et al, 200436  NPH insulin (QD) + Met + SU 
 Biphasic insulin (70/30) (BID)  

 None specified 

Hartemann-Heurtier et al, 
200938 

 Pioglitazone + Met + SU 
 NPH insulin + Met + SU 

 None specified 

Heine et al, 200540 
 
Companion18 

 Exenatide (10 μg BID) + Met + SU 
 Insulin glargine + Met + SU  

 None specified 

Hermansen et al, 200741  Sitagliptin (100 mg/day) + Met + SU 
 Placebo + Met + SU 

 Patients with A1C ≥7.5% and ≤10.5% who were already taking a stable dose of glimepiride (≥4 
mg/day up to a maximum daily dose of 8 mg/day) alone or in combination with metformin 
(≥1500 mg/day up to a maximum daily dose of 3000 mg/day) for at least 10 weeks directly 
entered a 2-week, single-blind placebo run-in period.  

 Patients who were not on OADs with A1C ≤9%, who were taking other OADs in monotherapy 
with A1C ≥7.5%, or who were taking other OADs in dual or triple therapy with A1C ≥6.5% and 
≤10.5%, discontinued their prior regimen and were switched to treatment with glimepiride alone 
or glimepiride in combination with metformin. Following the switch in treatments, these patients 
entered a dose titration period of up to four weeks and then a dose stabilization run-in period of 
up to 10 weeks. If A1C was ≥7.5% and ≤10.5% after this run-in period, patients entered a 2-
week, single-blind placebo run-in period.  

 Patients with adequate compliance (≥75%) during this placebo run-in period underwent baseline 
evaluations and were randomized. 

Holman et al, 200743  Insulin aspart (TID) + Met + SU 
 Insulin detemir (HS or BID) + Met + SU  
 Biphasic insulin aspart 30 (BID) + Met + SU 

 None specified 

Janka et al, 200511 
 
Subgroup11 

 Insulin glargine + Met + SU   
 30/70 NPH + placebo 

 1- to 4-week screening phase where previous sulfonylurea therapies were replaced with 3 or 4 
mg glimepiride.  

Kendall et al, 200515  Exenatide (5 μg BID) + Met + SU 
 Exenatide (10 μg BID) + Met + SU 
 Placebo + Met + SU 

 Four week single-blind lead-in period with injection of placebo twice daily 
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Author, year Interventions/ comparators Description of run-in period 
Ko et al, 200617  Rosiglitazone + Met + SU 

 NPH Insulin (HS) + Met + SU 
 Patients who fulfilled the inclusion criteria were referred to dieticians and diabetic nursing 

specialists for reinforcement of their dietary habits, drug compliance, and an understanding of 
OAD failure.   

 Those with A1C ≥ 8.5 three months after reinforcement were randomized.  
Lam et al, 199819  Acarbose (150-300 mg/day) + Met + 

glibenclamide (10 mg BID) or gliclazide (160 
mg BID) 

 Placebo + Met + glibenclamide (10 mg BID) 
or gliclazide (160 mg BID) 

 None specified 

Lopez-Alvarenga et al, 
199921† 

 Acarbose (100 mg TID) + Met + SU  
 Insulin NPH + MET + SU 
 Placebo + Met + SU 

 The study was begun with a run-in diet period of six weeks, in which an isocaloric diet was 
prescribed with a nutrient distribution in accordance with the ADA recommendations (50% 
carbohydrates, 20% protein, 30% lipids and 30 g fibre). 

  All patients received chlorpropamide (500 mg/day) plus metformin (1200 mg/day) during the full 
length of the trial. Only cases who remained hyperglycaemic (FPG > 8.8 mmol/l) were randomly 
assigned into three groups: acarbose (100 mg TID) followed by placebo (TID); placebo (TID) 
followed by acarbose (100 mg TID) and bedtime NPH insulin. 

Milicevic et al, 200923  Insulin NPH (HS) + Glyburide 
 1) Insulin lispro 50%, Insulin lispro protamine 

suspension 50% (pre breakfast); 2) Insulin 
lispro 25%, Insulin lispro protamine 
suspension 75% (pre-dinner) 

 2 week run in with maximum tltrated doses of glyburide and metformin 

Nauck et al, 200725  Exenatide (10 μg BID) + Met + SU 
 Biphasic insulin aspart 30/70 

 None specified 

Ovalle et al, 200427  Rosiglitazone (8 mg/day) + Met + SU  
 Biphasic insulin 70/30 

 None specified 

Reynolds et al, 200729  Rosiglitazone (QD) + Met + SU 
 Insulin glargine (HS) + Met + SU 

 None specified 

Rosenstock et al, 200631 
 
Companion42 

 Rosiglitazone (QD) + Met + SU 
 Insulin glargine (HS) + Met + SU 

 During the screening/titration phase, patients not on the maximum metformin dose were titrated 
to 2,000 mg/day.  

 Patients on 1,000 mg/day increased their dose to 1,500 mg/day immediately and to 2,000 
mg/day 1 week later (or maximum tolerated dose), followed by a 2-week stabilization period. 
Patients on 1,500 mg/day increased their dose to 2,000 mg/day immediately followed by a 2-
week stabilization period. 

Ross et al, 200133  Insulin lispro + Insulin NPH  
 Human insulin + Insulin NPH 

 None specified 

Russell-Jones et al, 200935  Liraglutide (1.8 mg/day) + Met + glimepiride
  

 Insulin glargine + Met + glimepiride 
 Placebo + Met + glimepiride  

 6 week run-in period during which participants were placed on a standard combination therapy 
with metformin and glimepiride: forced metformin and glimepiride dose escalation over 3 weeks 
followed by a 3 week maintenance period.  

 Participants already on 2 g metformin and sulfonylurea therapy could proceed directly to the 
maintenance regimen at the discretion of the investigator.  

 During the dose-escalation period, doses of metformin and glimepiride were increased by up to 
2 g/day and 4 mg/day, respectively. 

Standl et al, 200137  Miglitol (50-100 mg TID) + Met + glyburide
  

 Placebo + Met + glyburide 

 Single-blind, four week, placebo run-in period (details were not specified) 
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Author, year Interventions/ comparators Description of run-in period 
Stehouwer et al, 200339  NPH insulin + SU 

 NPH insulin + 30/70 insulin NPH 
 NPH insulin 

 During the 12-week run-in phase, patients received a combination of glimepiride and metformin 
(500 mg twice daily) and learned home blood glucose monitoring. The glimepiride dose was 
titrated up to 6 mg, targeting at a fasting blood-glucose level below 7.4 mmol/L.  

 Patients with A1C > 6.5% at the end of the run-in phase were randomized. 
Strojek et al, 200945  Insulin glargine + Met + SU 

 BIAsp30 + Met + SU 
 During the 4-week run-in period, metformin was titrated to a dose of 2550 mg. Subjects who 

had not been treated with glimepiride prior to the trial, were titrated to a dose of 4 mg 
glimepiride during the run-in period. Subjects who had previously been treated with glimepiride 
continued with their pre-trial dose (4, 6, or 8 mg) 

Yki-Jarvinen et al, 200644  Insulin glargine + Met 
 NPH Insulin + Met 

 Four week screening period where patients were taught home glucose monitoring and use of a 
modem to send glucose readings from home to the treatment centres.  

 No other education or lifestyle advice was recommended to be given at this or subsequent 
visits.  

 The patients were asked to measure FPG every morning, and to perform a diurnal profile once 
during weeks −4 and −3 with plasma glucose measurements before and 2 h after breakfast, 
lunch and dinner, and at 22.00 and 04.00 h. During weeks −2 and −1 the patients were also 
asked to perform a diurnal profile once a week and to measure FPG daily.  

 Patients received a phone call at −2 weeks to verify compliance with glucose measurements 
and to review the results of the laboratory tests performed at −4 weeks. 

A1C=glycosyltaed haemoglobin; AC=with meals; ADA=American Diabetes Association; BiAsp30=biphasic insulin aspart (30/70); BID=twice daily; FPG=fasting plasma glucose; 
FG=fasting glucose; Met=metformin; NPH=neutral protamine Hagedorn; OADs=oral antidiabetes drugs; QD=at bedtime; SD=standard deviation; SU=sulfonylurea; TID=three times 
daily 
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APPENDIX 21: SUMMARY OF TRIALS REPORTING 
CHANGE IN A1C (%) 

Study Treatment 1 Treatment 2 
Diff of (T1-T2) 
MD (95% CI) 

Aljabri et al, 200410 TZD + M + S Basal + M + S 0.40 (-0.40, 1.20) 

Al-Shaikh, 200612 Basal + M + S Biphasic Insulin -1.30 (-1.79, -0.81) 

Bergenstal et al, 200914 Biphasic + M + S GLP-1 + M + S 0.59 (0.16, 1.02) 

Bergenstal et al, 200914 Biphasic + M GLP-1 + M + S 1.01 (0.52, 1.50) 

Bergenstal et al, 200914 Biphasic QD + M + S Biphasic BID + M -0.42 (-0.87, 0.03) 

Berhanu et al, 200716 Insulin + TZD + M Insulin + Placebo + M -0.20 (-0.22, -0.18) 

Charpentier et al, 200920 TZD + M + S Placebo + M + S -1.18 (-1.40, -0.96) 

Dailey  et al, 200422 TZD + M + S Placebo + M + S -1.00 (-1.22, -0.78) 

Davies et al, 200724 Biphasic + M Basal + M -0.30 (-1.42, 0.82) 

Davies et al, 200724 NPH + Meg + M Basal + M -1.10 (-2.39, 0.19) 

Davies et al, 200724 Biphasic + M NPH + Meg + M 0.80 (-0.26, 1.86) 

De Mattia et al, 200926 IGlar + M + S NPH + M + S -0.10 (-1.10, 0.90) 

Derosa et al28 AGI + M + S Meg + M + S -0.30 (-0.34, -0.26) 

Dorkhan et al, 200930 TZD + M + S Basal + M + S 0.90 (0.66, 1.14) 

Goudswaard et al, 200436 Basal + M + S Biphasic Insulin 0.40 (-0.21, 1.01) 

Hartemann-Heurtier et al, 200938 TZD + M + S Basal + M + S 0.40 (-0.05, 0.85) 

Heine et al, 200540 GLP-1 + M + S Basal + M + S 0.02 (-0.12, 0.16) 

Hermansen et al, 200741 DPP-4 + M + S Placebo + M + S -0.89 (-1.11, -0.67) 

Holman et al, 200743 IAsp + M + S Biphasic + M + S -0.10 (-0.30, 0.10) 

Holman et al, 200743 Basal + M + S Biphasic + M + S -0.50 (-0.70, -0.30) 

Holman et al, 200743 IAsp + M + S Basal + M + S -0.60 (-0.78, -0.42) 

Janka et al, 200511 Basal + M + S Biphasic Insulin -0.34 (-0.52, -0.16) 

Kendall et al, 200515 GLP-1 + M + S Placebo + M + S -0.78 (-0.98, -0.58) 

Kendall et al, 200515 GLP-1 + M + S Placebo + M + S -1.00 (-1.22, -0.78) 

Ko et al, 200617 TZD + M + S Basal + M + S 0.20 (-0.41, 0.81) 

Lam et al, 199819 AGI + M + S Placebo + M + S -0.60 (-1.15, -0.05) 

Lopez-Alvarenga et al, 199921 AGI + M + S Placebo + M + S -0.60 (-3.27, 2.07) 

Lopez-Alvarenga et al, 199921 Basal + M + S Placebo + M + S -2.10 (-4.92, 0.72) 

Lopez-Alvarenga et al, 199921 AGI + M + S Basal + M + S 1.50 (-1.50, 4.50) 

Milicevic et al, 200923 Basal + S Biphasic Insulin 0.80 (0.19, 1.41) 

Nauck et al, 200725 GLP-1 + M + S Biphasic + M + S -0.15 (-0.31, 0.01) 

Ovalle et al, 200427 TZD + M + S Biphasic + M + S 0.30 (-1.07, 1.67) 

Reynolds et al, 200729 TZD + M + S Basal + M + S -0.10 (-2.04, 1.84) 

Rosenstock et al, 200631 TZD + M + S Basal + M + S 0.15 (-0.05, 0.35) 

Russell-Jones et al, 200935 GLP-1 + M + S Placebo + M + S -1.09 (-1.29, -0.89) 
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Study Treatment 1 Treatment 2 
Diff of (T1-T2) 
MD (95% CI) 

Russell-Jones et al, 200935 Basal + M + S Placebo + M + S -0.85 (-1.05, -0.65) 

Russell-Jones et al, 200935 Basal + M + S GLP-1 + M + S 0.24 (0.08, 0.40) 

Standl et al, 200137 AGI + M + S Placebo + M + S -0.35 (-0.70, 0.00) 

Stehouwer et al, 200339 Basal insulin Basal + S 0.60 (0.07, 1.13) 

Stehouwer et al, 200339 Biphasic Insulin Basal + S 0.60 (0.07, 1.13) 

Stehouwer et al, 200339 Basal insulin Biphasic Insulin 0.00 (-0.51, 0.51) 

Strojek et al, 200945 Basal + M + S Biphasic + M + S 0.16 (0.02; 0.3)   

AGI=alpha glucosidase inhibitor; CI=confidence interval; DPP=dipeptidyl peptidase; GLP=glucagon-like peptide; IAsp=insulin 
aspart; M=metformin; MD=mean difference; Meg=meglitinide; NPH=neutral protamine Hagedorn; S=sulfonylurea, T1=treatment 
one; T2=treatment two; TZD=Thiazolidinedione 
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APPENDIX 22: FOREST PLOTS FOR A1C FROM 
INDIVIDUAL RCTS 

 
Figure A: Difference in Change in A1C from Baseline from Placebo-controlled trials  
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Figure B: Difference in Change in A1C from Baseline from Active Comparisons (A vs. B) 
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APPENDIX 23: MTC NETWORK DIAGRAMS 

 
Figure A: Reference case MTC evidence networks for hemoglobin A1C and body weight 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B: All treatment strategies MTC evidence networks for hemoglobin A1C and body weight 
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APPENDIX 24: FULL RESULTS FOR CHANGE FROM 
BASELINE IN A1C: PRIMARY MTC ANALYSIS 

 
CHANGE IN A1C (%) FROM BASELINE 

 Treatment 
Direct Estimates 
WMD (95% CI) 

MTC Estimates (95% 
CrI) 

Probability of 
largest A1C 
reduction 

Mean 
Rank 

Vs. Placebo + Metformin + Sulfonylurea 

Basal Insulin + Met + SU -1.22 (-2.33, -0.10) -1.17 (-1.57, -0.81) 30.6% 2.30 

Biphasic Insulin + Met + SU ——— -1.10 (-1.59, -0.67) 14.3% 3.23 

TZD + Met + SU -1.16 (-1.36, -0.96) -0.96 (-1.35, -0.59) 2.7% 4.57 

DPP-4 + Met + SU -0.89 (-1.11, -0.66) -0.89 (-1.51, -0.26) 12.5% 4.76 

α-glucosidase + Met + SU -0.43 (-0.72, -0.14) -0.46 (-0.96, 0.03) 0.2% 7.08 

GLP-1 + Met + SU -0.96 (-1.14, -0.89) -1.06 (-1.45, -0.69) 8.7% 3.66 

IAsp + Met + SU ——— -1.01 (-1.71, -0.35) 17.7% 4.03 

Meglitinide + Met + SU ——— -0.18 (-2.08, 1.71) 13.3% 6.84 

Vs. Basal Insulin + Metformin + Sulfonylurea 

Biphasic Insulin + Met + SU -0.32 (-0.66, 0.01) 0.07 (-0.28, 0.42) 

TZD + Met + SU 0.21 (0.04, 0.37) 0.21 (-0.09, 0.54) 

DPP-4 Inhibitors + Met + SU ——— 0.28 (-0.41, 1.04) 

α-glucosidase + Met + SU 1.50 (-1.52, 3.52) 0.71 (0.11, 1.34) 

GLP-1 + Met + SU -0.11 (-0.36, 0.15) 0.12 (-0.21, 0.47) 

IAsp + Met + SU -0.60 (-0.78, -0.42) 0.16 (-0.42, 0.76) 

Meglitinide +Met + SU   ——— 0.99 (-0.93, 2.92) 

See above 

Vs. Biphasic Insulin + Metformin + Sulfonylurea 

TZD + Met + SU 0.30 (-0.95, 1.55) 0.14 (-0.29, 0.60) 

DPP-4 Inhibitors +Met + SU ——— 0.21 (-0.53, 1.02) 

α-glucosidase + Met + SU ——— 0.64 (-0.01, 1.33) 

GLP-1 + Met + SU 0.19 (-0.53, 0.91) 0.04 (-0.31, 0.43) 

IAsp + Met + SU -0.10 (-0.30, 0.10) 0.09 (-0.48, 0.68) 

Meglitinide + Met + SU ——— 0.92 (-1.02, 2.87) 

See above 

Vs. TZD + Metformin + Sulfonylurea 

DPP-4 Inhibitors + Met + SU ——— 0.07 (-0.65, 0.81) 

α-glucosidase + Met + SU ——— 0.50 (-0.11, 1.12) 

GLP-1 + Met + SU ——— -0.09 (-0.52, 0.31) 

IAsp + Met + SU ——— -0.05 (-0.73, 0.59) 

Meglitinide + Met + SU ——— 0.78 (-1.14, 2.71) 

See above 

Vs. DPP-4 Inhibitors + Metformin + Sulfonylurea 

α-glucosidase + Met + SU ——— 0.43 (-0.37, 1.22) 

GLP-1 + Met + SU ——— -0.16 (-0.91, 0.55) 

IAsp + Met + SU ——— -0.12 (-1.08, 0.79) 

Meglitinide + Met + SU ——— 0.71 (-1.28, 2.71) 

See above 

Vs. Alpha-glucosidase inhibitors + Metformin + Sulfonylurea 

GLP-1 + Met + SU ——— -0.59 (-1.22, 0.02) 

IAsp + Met + SU ——— -0.55 (-1.40, 0.27) 

Repaglinide + Met + SU  0.30 (-1.44, 2.04) 0.28 (-1.55, 2.09) 

See above 

Vs. GLP-1 + Metformin + Sulfonylurea 
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CHANGE IN A1C (%) FROM BASELINE 

 Treatment 
Direct Estimates 
WMD (95% CI) 

MTC Estimates (95% 
CrI) 

Probability of 
largest A1C 
reduction 

Mean 
Rank 

IAsp + Met + SU ——— 0.04 (-0.60, 0.68)  

Meglitinide + Met + SU  ——— 0.87 (-1.05, 2.81) 

See above 

Vs. IAsp + Metformin + Sulfonylurea 

Meglitinide + Met + SU  ——— 0.83 (-1.16, 2.84) See above 
CI=confidence interval; CrI=credible interval; DPP-4=dipeptidyl peptidase-4; GLP-1=glucagon-like peptide-1; IAsp=insulin aspart; 
Met=metformin; MTC=mixed treatment comparison; NPH=neutral protamine Hagedorn; SU=sulfonylurea; TZD=thiazolidinediones; 
WMD=weighted mean difference 
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APPENDIX 25: FOREST PLOTS FOR PAIRWISE META-
ANALYSES 

 
Difference in Change from Baseline for Hemoglobin A1C (%) 
 

Study or Subgroup

Aljabri 2004
Dorkhan 2009
Hartemann-Heurtier 2009
Ko 2006
Reynolds 2007
Rosenstock 2006

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 2.25, df = 5 (P = 0.81); I² = 0%
Test for overall effect: Z = 2.43 (P = 0.01)

Mean Difference

0.4
0.9
0.4
0.2

-0.1
0.15

SE

0.41
0.73
0.23
0.31
0.99

0.1

Weight

4.3%
1.4%

13.7%
7.5%
0.7%

72.4%

100.0%

IV, Random, 95% CI

0.40 [-0.40, 1.20]
0.90 [-0.53, 2.33]
0.40 [-0.05, 0.85]
0.20 [-0.41, 0.81]

-0.10 [-2.04, 1.84]
0.15 [-0.05, 0.35]

0.21 [0.04, 0.37]

Mean Difference Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours (TZD+Met+SU) Favours (Basal In+Met+SU)

  
 

Study or Subgroup

Holman 2007
Strojek 2009

Total (95% CI)

Heterogeneity: Tau² = 0.05; Chi² = 7.76, df = 1 (P = 0.005); I² = 87%
Test for overall effect: Z = 1.90 (P = 0.06)

Mean Difference

-0.5
-0.16

SE

0.1
0.07

Weight

47.8%
52.2%

100.0%

IV, Random, 95% CI

-0.50 [-0.70, -0.30]
-0.16 [-0.30, -0.02]

-0.32 [-0.66, 0.01]

Mean Difference Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours Biphasic In+Met+SU Favours Basal In+Met+SU  

 

Study or Subgroup

Charpentier 2009
Dailey 2004

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 0.32, df = 1 (P = 0.57); I² = 0%
Test for overall effect: Z = 11.22 (P < 0.00001)

Mean Difference

-1.18
-1

SE

0.11
0.3

Weight

88.1%
11.9%

100.0%

IV, Random, 95% CI

-1.18 [-1.40, -0.96]
-1.00 [-1.59, -0.41]

-1.16 [-1.36, -0.96]

Mean Difference Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours TZD+Met+SU Favours Placebo+Met+SU  

 

Study or Subgroup

Lopez-Alvarenga 1999
Russell-Jones 2009

Total (95% CI)

Heterogeneity: Tau² = 0.45; Chi² = 2.35, df = 1 (P = 0.13); I² = 57%
Test for overall effect: Z = 2.14 (P = 0.03)

Mean Difference

-2.1
-0.85

SE

0.81
0.1

Weight

29.3%
70.7%

100.0%

IV, Random, 95% CI

-2.10 [-3.69, -0.51]
-0.85 [-1.05, -0.65]

-1.22 [-2.33, -0.10]

Mean Difference Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours Basal Ins+Met+SU Favours Placebo+Met+SU  
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Study or Subgroup

Heine 2005
Russell-Jones 2009

Total (95% CI)

Heterogeneity: Tau² = 0.03; Chi² = 5.98, df = 1 (P = 0.01); I² = 83%
Test for overall effect: Z = 0.82 (P = 0.41)

Mean Difference

0.02
-0.24

SE

0.07
0.08

Weight

51.1%
48.9%

100.0%

IV, Random, 95% CI

0.02 [-0.12, 0.16]
-0.24 [-0.40, -0.08]

-0.11 [-0.36, 0.15]

Mean Difference Mean Difference
IV, Random, 95% CI

-0.5 -0.25 0 0.25 0.5
Favours GLP-1+Met+SU Favours Basal In+Met+SU  

 
 
 

Study or Subgroup

Al-Shaikh 2006
Goudswaard 2004
Janka 2007

Total (95% CI)

Heterogeneity: Tau² = 0.39; Chi² = 20.05, df = 2 (P < 0.0001); I² = 90%
Test for overall effect: Z = 1.11 (P = 0.27)

Mean Difference

1.3
-0.4
0.34

SE

0.25
0.31
0.09

Weight

32.6%
30.4%
37.0%

100.0%

IV, Random, 95% CI

1.30 [0.81, 1.79]
-0.40 [-1.01, 0.21]

0.34 [0.16, 0.52]

0.43 [-0.33, 1.19]

Mean Difference Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours Biphasic In Favours Basal In+Met+SU  

 

Study or Subgroup

Bergenstal 2009
Nauck 2007

Total (95% CI)

Heterogeneity: Tau² = 0.25; Chi² = 9.99, df = 1 (P = 0.002); I² = 90%
Test for overall effect: Z = 0.52 (P = 0.60)

Mean Difference

0.59
-0.15

SE

0.22
0.08

Weight

46.2%
53.8%

100.0%

IV, Random, 95% CI

0.59 [0.16, 1.02]
-0.15 [-0.31, 0.01]

0.19 [-0.53, 0.91]

Mean Difference Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours GLP1-A+Met+SU Favours Biphasic In+Met+SU  

 

Study or Subgroup

Milicevic 2009
Stehouwer 2003

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 0.31, df = 1 (P = 0.58); I² = 0%
Test for overall effect: Z = 4.18 (P < 0.0001)

Mean Difference

-0.8
-0.6

SE

0.31
0.18

Weight

25.2%
74.8%

100.0%

IV, Random, 95% CI

-0.80 [-1.41, -0.19]
-0.60 [-0.95, -0.25]

-0.65 [-0.96, -0.35]

Mean Difference Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours Biphasic Insulin Bid Favours NPH qd+SU

 
 
Difference in Change from Baseline in Body Weight (kg) 
 

Study or Subgroup

Charpentier 2009
Dailey 2004

Total (95% CI)

Heterogeneity: Tau² = 0.46; Chi² = 3.62, df = 1 (P = 0.06); I² = 72%
Test for overall effect: Z = 6.26 (P < 0.00001)

Mean Difference

4.1
2.97

SE

0.42
0.42

Weight

50.0%
50.0%

100.0%

IV, Random, 95% CI

4.10 [3.28, 4.92]
2.97 [2.15, 3.79]

3.54 [2.43, 4.64]

Mean Difference Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours TZD+Met+SU Favours Placebo+Met+SU  
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Study or Subgroup

Lam 1998
Lopez-Alvarenga 1999

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 0.15, df = 1 (P = 0.69); I² = 0%
Test for overall effect: Z = 2.32 (P = 0.02)

Mean Difference

-0.96
-0.6

SE

0.43
0.81

Weight

78.0%
22.0%

100.0%

IV, Random, 95% CI

-0.96 [-1.80, -0.12]
-0.60 [-2.19, 0.99]

-0.88 [-1.63, -0.14]

Mean Difference Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours A-Glucosidase I+Met+SU Favours Placebo+Met+SU  

 
 

Study or Subgroup

Kendall 2005
Kendall 2005
Russell-Jones 2009

Total (95% CI)

Heterogeneity: Tau² = 0.04; Chi² = 2.82, df = 2 (P = 0.24); I² = 29%
Test for overall effect: Z = 4.22 (P < 0.0001)

Mean Difference

-0.7
-0.7

-1.39

SE

0.28
0.28
0.36

Weight

37.1%
37.1%
25.8%

100.0%

IV, Random, 95% CI

-0.70 [-1.25, -0.15]
-0.70 [-1.25, -0.15]
-1.39 [-2.10, -0.68]

-0.88 [-1.29, -0.47]

Mean Difference Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours GLP-1+Met+SU Favours Placebo+Met+SU  

 
 

Study or Subgroup

Holman 2007
Strojek 2009

Total (95% CI)

Heterogeneity: Tau² = 3.58; Chi² = 25.81, df = 1 (P < 0.00001); I² = 96%
Test for overall effect: Z = 1.05 (P = 0.29)

Mean Difference

2.8
0.07

SE

0.38
0.38

Weight

50.0%
50.0%

100.0%

IV, Random, 95% CI

2.80 [2.06, 3.54]
0.07 [-0.67, 0.81]

1.43 [-1.24, 4.11]

Mean Difference Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours Biphasic In+Met+SU Favours Basal In+Met+SU  

 
 

Study or Subgroup

Aljabri 2004
Hartemann-Heurtier 2009
Rosenstock 2006

Total (95% CI)

Heterogeneity: Tau² = 0.03; Chi² = 2.10, df = 2 (P = 0.35); I² = 5%
Test for overall effect: Z = 2.09 (P = 0.04)

Mean Difference

0.1
1.3
1.3

SE

0.66
1.05
0.57

Weight

36.7%
15.0%
48.3%

100.0%

IV, Random, 95% CI

0.10 [-1.19, 1.39]
1.30 [-0.76, 3.36]
1.30 [0.18, 2.42]

0.86 [0.05, 1.67]

Mean Difference Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours (TZD+Met+SU) Favours (Basal In+Met+SU)  
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Overall Hypoglycemia (odds ratio) 
 

Study or Subgroup

Charpentier 2009
Dailey 2004

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.09; Chi² = 1.50, df = 1 (P = 0.22); I² = 33%
Test for overall effect: Z = 4.88 (P < 0.00001)

Events

35
40

75

Total

145
181

326

Events

11
6

17

Total

154
184

338

Weight

56.7%
43.3%

100.0%

M-H, Random, 95% CI

4.14 [2.01, 8.51]
8.42 [3.47, 20.41]

5.62 [2.81, 11.25]

TZD+Met+SU Placebo+Met+SU Odds Ratio Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours TZD+Met+SU Favours Placebo+Met+SU  

 

Study or Subgroup

Kendall 2005
Russell-Jones 2009

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.13, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 4.88 (P < 0.00001)

Events

114
63

177

Total

486
230

716

Events

62
19

81

Total

494
114

608

Weight

74.0%
26.0%

100.0%

M-H, Random, 95% CI

2.14 [1.52, 3.00]
1.89 [1.07, 3.34]

2.07 [1.54, 2.77]

GLP-1+Met+SU Placebo+Met+SU Odds Ratio Odds Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours GLP-1+Met+SU Favours Placebo+Met+SU  

 
 

Study or Subgroup

Aljabri 2004
Hartemann-Heurtier 2009
Ko 2006
Rosenstock 2006

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.10; Chi² = 3.82, df = 3 (P = 0.28); I² = 22%
Test for overall effect: Z = 2.87 (P = 0.004)

Events

11
6
0

47

64

Total

30
14
56

112

212

Events

19
10

5
57

91

Total

28
13
56

104

201

Weight

25.1%
12.4%

4.4%
58.0%

100.0%

M-H, Random, 95% CI

0.27 [0.09, 0.81]
0.23 [0.04, 1.19]
0.08 [0.00, 1.54]
0.60 [0.35, 1.02]

0.40 [0.21, 0.75]

(TZD+Met+SU) (Basal In+Met+SU) Odds Ratio Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours (TZD+Met+SU) Favours (Basal In+Met+SU)  
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APPENDIX 26: FULL RESULTS FOR CHANGE FROM 
BASELINE IN A1C: SECONDARY MTC ANALYSIS 

DIFFERENCE IN CHANGE IN HEMOGLOBIN A1C (%) FROM BASELINE  

 Treatment 
Direct Estimates 

WMD (95% CI) 
MTC Estimates 

(95% CrI) 

Probability of 
largest A1C 
reduction 

Mean Rank 

Vs. Placebo + Metformin + Sulfonylurea 

Basal Insulin + Met + SU -1.22 (-2.33, -0.10) -1.20 (-1.66, -0.77) 1.8% 3.6 

Biphasic Insulin + Met + SU ——— -1.13 (-1.69, -0.60) 1.0% 4.5 

TZD + Met + SU -1.16 (-1.36, -0.96) -0.97 (-1.41, -0.53) 0.3% 6.1 

DPP-4 + Met + SU -0.89 (-1.11, -0.66) -0.89 (-1.65, -0.15) 2.7% 6.5 

α-glucosidase + Met + SU -0.43 (-0.72, -0.14) -0.46 (-1.03, 0.10) 0.1% 9.6 

GLP-1 + Met + SU -0.96 (-1.14, -0.89) -1.07 (-1.53, -0.63) 0.3% 5.1 

IAsp + Met + SU ——— -1.04 (-1.86, -0.24) 3.3% 5.5 

Meglitinide + Met + SU ——— -0.14 (-2.17, 1.83) 5.2% 9.7 

Biphasic Insulin + Met ——— -1.90 (-2.80, -0.98) 82.2% 1.4 

Insulin NPH + SU ——— -0.05 (-1.00, 0.86) 0.0% 11.5 

Insulin NPH ——— -0.69 (-1.87, 0.45) 3.1% 7.8 

Biphasic Insulin ——— -0.75 (-1.42, -0.12) 0.1% 7.9 

Vs. Basal Insulin + Metformin + Sulfonylurea 

Biphasic Insulin + Met + SU -0.32 (-0.66, 0.01) 0.07 (-0.35, 0.49) 

TZD + Met + SU 0.21 (0.04, 0.37) 0.23 (-0.12, 0.60) 

DPP-4 Inhibitors + Met + SU ——— 0.31 (-0.56, 1.20) 

α-glucosidase + Met + SU 1.50 (-1.52, 3.52) 0.74 (0.05, 1.45) 

GLP-1 + Met + SU -0.11 (-0.36, 0.15) 0.13 (-0.26, 0.55) 

IAsp + Met + SU -0.60 (-0.78, -0.42) 0.16 (-0.54, 0.87) 

Meglitinide +Met + SU   ——— 1.06 (-1.02, 3.09) 

Biphasic Insulin + Met ——— -0.70 (-1.56, 0.19) 

Insulin NPH + SU ——— 1.14 (0.32, 1.95) 

Insulin NPH ——— 0.51 (-0.57, 1.57) 

Biphasic Insulin  0.43 (-0.33, 1.19) 0.45 (-0.04, 0.93) 

See above 

Vs. Biphasic Insulin + Metformin + Sulfonylurea 

TZD + Met + SU 0.30(-0.95, 1.55) 0.16 (-0.34, 0.69) 

DPP-4 Inhibitors +Met + SU ——— 0.24 (-0.68, 1.18) 

α-glucosidase + Met + SU ——— 0.67 (-0.10, 1.45) 

GLP-1 + Met + SU 0.19 (-0.53, 0.91) 0.06 (-0.37, 0.51) 

IAsp + Met + SU -0.10 (-0.30, 0.10) 0.09 (-0.60, 0.79) 

Meglitinide + Met + SU ——— 0.99 (-1.12, 3.05) 

Biphasic Insulin + Met -0.42 (-0.87, 0.03) -0.77 (-1.60, 0.10) 

Insulin NPH + SU ——— 1.08 (0.16, 1.99) 

Insulin NPH ——— 0.44 (-0.72, 1.57) 

Biphasic Insulin  ——— 0.38 (-0.26, 1.02) 

See above 

Vs. TZD + Metformin + Sulfonylurea 

DPP-4 Inhibitors + Met + SU ——— 0.08 (-0.79, 0.95) 

α-glucosidase + Met + SU ——— 0.51 (-0.21, 1.22) 

GLP-1 + Met + SU ——— -0.10 (-0.59, 0.38) 

IAsp + Met + SU ——— -0.07 (-0.85, 0.70) 

See above 
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DIFFERENCE IN CHANGE IN HEMOGLOBIN A1C (%) FROM BASELINE  

 Treatment 
Direct Estimates 

WMD (95% CI) 
MTC Estimates 

(95% CrI) 

Probability of 
largest A1C 
reduction 

Mean Rank 

Meglitinide + Met + SU ——— 0.83 (-1.25, 2.85) 

Biphasic Insulin + Met ——— -0.92 (-1.85, -0.01) 

Insulin NPH + SU ——— 0.92 (0.01, 1.79) 

Insulin NPH ——— 0.28 (-0.87, 1.39) 

Biphasic Insulin ——— 0.22 (-0.40, 0.80) 

Vs. DPP-4 Inhibitors + Metformin + Sulfonylurea 

α-glucosidase + Met + SU ——— 0.43 (-0.50, 1.38) 

GLP-1 + Met + SU ——— -0.18 (-1.06, 0.70) 

IAsp + Met + SU ——— -0.14 (-1.26, 0.95) 

Meglitinide + Met + SU ——— 0.75 (-1.40, 2.87) 

Biphasic Insulin + Met ——— -1.00 (-2.18, 0.18) 

Insulin NPH + SU ——— 0.84 (-0.38, 2.01) 

Insulin NPH ——— 0.21 (-1.20, 1.58) 

Biphasic Insulin ——— 0.14 (-0.87, 1.13) 

See above 

Vs. Alpha-glucosidase inhibitors + Metformin + Sulfonylurea 

GLP-1 + Met + SU ——— -0.61 (-1.32, 0.10) 

IAsp + Met + SU ——— -0.58 (-1.55, 0.39) 

Repaglinide + Met + SU  0.30 (-1.44, 2.04) 0.32 (-1.62, 2.22) 

Biphasic Insulin + Met ——— -1.44 (-2.50, -0.36) 

Insulin NPH + SU ——— 0.40 (-0.69, 1.47) 

Insulin NPH ——— -0.23 (-1.54, 1.04) 

Biphasic Insulin ——— -0.29 (-1.16, 0.55) 

See above 

Vs. GLP-1 + Metformin + Sulfonylurea 

IAsp + Met + SU ——— 0.03 (-0.74, 0.79) 

Meglitinide + Met + SU  ——— 0.93 (-1.16, 2.96) 

Biphasic Insulin + Met -1.01 (-1.50, -0.52) -0.83 (-1.64, 0.00) 

Insulin NPH + SU ——— 1.01 (0.08, 1.91) 

Insulin NPH ——— 0.38 (-0.78, 1.51) 

Biphasic Insulin ——— 0.32 (-0.32, 0.94) 

See above 

Vs. IAsp + Metformin + Sulfonylurea 

Meglitinide + Met + SU  ——— 0.90 (-1.30, 3.03) 

Biphasic Insulin + Met ——— -0.86 (-1.91, 0.24) 

Insulin NPH + SU ——— 0.98 (-0.10, 2.04) 

Insulin NPH ——— 0.35 (-0.94, 1.61) 

Biphasic Insulin  ——— 0.29 (-0.58, 1.12) 

See above 

Vs. Meglitinide + Metformin + Sulfonylurea 

Biphasic Insulin + Met ——— -1.75 (-3.94, 0.48) 

Insulin NPH + SU ——— 0.09 (-2.10, 2.34) 

Insulin NPH ——— -0.55 (-2.84, 1.80) 

Biphasic Insulin ——— -0.61 (-2.70, 1.53) 

See above 

Vs. Biphasic Insulin + Metformin 

Insulin NPH + SU ——— 1.84 (0.62, 3.03) 

Insulin NPH ——— 1.21 (-0.22, 2.58) 

Biphasic Insulin ——— 1.15 (0.12, 2.14) 

See above 

Vs. Insulin NPH + Sulfonylurea 
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DIFFERENCE IN CHANGE IN HEMOGLOBIN A1C (%) FROM BASELINE  

 Treatment 
Direct Estimates 

WMD (95% CI) 
MTC Estimates 

(95% CrI) 

Probability of 
largest A1C 
reduction 

Mean Rank 

Insulin NPH -0.60 (-0.93, -0.27) -0.63 (-1.51, 0.23) 

Biphasic Insulin  -0.65 (-96, -0.35) -0.70 (-1.35, -0.02) 

 

Vs. Insulin NPH 

Biphasic Insulin  0 (-0.33, 0.33) -0.06 (-1.01, 0.90) See above 
CI=confidence interval; CrI=credible interval; DPP-4=dipeptidyl peptidase-4; GLP-1=glucagon-like peptide-1; IAsp=insulin 
aspart; Met=metformin; MTC=mixed treatment comparison; NPH=neutral protamine Hagedorn; SU=sulfonylurea; 
TZD=thiazolidinediones; WMD=weighted mean difference 
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APPENDIX 27: SUMMARY OF TRIALS REPORTING 
CHANGE IN BODY WEIGHT  

 

Study Treatment 1 Treatment 2 
Diff of (T1-T2) 

MD kg (95% CI) 

Aljabri, 200410 Pioglitazone + M + S Insulin NPH + M + S 0.10 (-1.19;1.39)  

Al-Shaikh, 200612 Insulin glargine + M + S 
Mixed insulin (30% regular insulin + 
70% NPH) 

-3.90 (-6.61; -1.20) 

Bergenstal, 200914 Exenatide + M + S BIAsp30 (QD) + M + S -4.70 (-5.62; -3.78)      

Bergenstal, 200914 Exenatide + M + S BIAsp30 (BID) + M + S -6.00 (-7.16; -4.84)      

Bergenstal, 200914 BIAsp30 (BID) + M + S BIAsp30 (QD) + M + S 1.30 (0.16; 2.44) 

Davies, 200724 Biphasic HI + M Insulin NPH + M 2.20 (-0.05; 4.45)       

Davies, 200724 NPH + Repaglinide + M Insulin NPH + M 1.50 (-0.03;  3.03)       

Davies, 200724 Biphasic HI + M NPH + Repaglinide + M 0.70 (-0.01; 1.41)       

Goudswaard, 
200436 

Insulin NPH (QD) + M + S Biphasic insulin (70/30; BID)  -3.00 (-5.29; -0.71)      

Hartemann-
Heurtier, 200938 

Pioglitazone + M + S Insulin NPH + M + S 1.30 (-0.76; 3.36)       

Heine, 200540 Exenatide (10 μg BID) + M + S Insulin glargine  -4.10 (-4.65; -3.55)      

Hermansen, 200741 Sitagliptin + M + S Placebo + M + S 1.10 (0.28; 1.92)       

Holman, 200743 Insulin aspart + M + S Insulin detemir + M + S 3.80 (2.00; 4.60)       

Holman, 200743 Insulin aspart + M + S Biphasic insulin aspart 30 + M + S 1.00 (0.22; 1.78)       

Holman, 200743 Insulin detemir + M + S Biphasic insulin aspart 30 + M + S -2.80 (-3.55; -2.06)      

Janka, 200511 Insulin glargine + M + S  30/70 NPH + placebo -0.70 (-1.48; 0.08)       

Janka, 200713 Insulin glargine + M + S  30/70 NPH + placebo -0.90 (-2.10; 0.30)       

Kendall, 200515 Exenatide (5 μg BID) + M + S Placebo + M + S -0.70 (-1.25; -0.15)      

Kendall, 200515 Exenatide (10 μg BID) + M + S Placebo + M + S -0.70 (-1.25; -0.15)      

Lam, 199819 Acarbose (100 mg TID) Placebo -0.96 (-1.80; -0.12)      

Lopez-Alvarenga, 
199921 

Acarbose + M + S Placebo + M + S -0.60 (-7.77;  6.57)      

Lopez-Alvarenga, 
199921 

Insulin NPH + M + S Placebo + M + S -0.30 (-9.61; 9.01)       

Lopez-Alvarenga, 
199921 

Acarbose + M + S Insulin NPH + M + S -0.30 (-9.67; 9.07)    
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Study Treatment 1 Treatment 2 
Diff of (T1-T2) 

MD kg (95% CI) 

Milicevic, 200923 
Glyburide (≥15 mg) + Insulin 
NPH (QD) 

LM50 (before breakfast) + LM25 
(before dinner) 

-0.22 (-1.24; 0.80)       

Nauck, 200725 Exenatide (10 μg BID) + M + S Biphasic insulin aspart + M + S -5.50 (-5.89; -5.11)      

Rosenstock et al, 
200631 

Rosiglitazone + M + S Insulin glargine + M + S 1.30 (0.18; 2.42)      

Ross, 200933 Insulin lispro + insulin NPH Human Insulin + insulin NPH 1.00 (-6.84; 8.84)      

Russell-Jones, 
200935 

Liraglutide + M + S Placebo + M + S -1.39 (-2.10; -0.68)      

Russell-Jones, 
200935 

Insulin glargine + M + S Placebo + M + S 2.02 (1.02; 3.02)       

Russell-Jones, 
200935 

Insulin glargine + M + S Liraglutide + M + S 3.40 (2.48; 4.32)      

Stehouwer, 200339 Insulin NPH + S Insulin NPH -1.60 (-7.21; 4.01)      

Stehouwer, 200339 Insulin NPH + S 30/70 NPH -0.90 (-6.92; 5.12)       

Stehouwer, 200339 Insulin NPH 30/70 NPH 0.70 (-4.91; 6.31)  

HI=human insulin, iGlar=insulin glargine, IAsp=insulin aspart, Meg=meglitinide, M=metformin, MD=means difference, NPH=neutral 
protamine Hagedorn, NR=not reported, QD=at bedtime, S=sulfonylurea, TID=three times daily 
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APPENDIX 28: FOREST PLOTS FOR BODY WEIGHT 
FROM INDIVIDUAL RCTS 

 
Figure A: Difference in Change from Baseline in Body Weight from Placebo-controlled Trials 
  

Charpentier 2009 

Dailey  2004 

Hermansen 2007 

Kendall 2005 (5 μg)

Kendall 2005 (10 μg) 

Lam 1998 

Lopez -Alvarenga 1999 

Lopez -Alvarenga 1999 

Russell-Jones 2009 

Russell-Jones 2009 

-5 -3 -1 1 3 5

Difference in change in body weight from baseline (kg)

TZDs + Met + SU 

DPP-4 inhibitors + 
Me t  + SU 

GLP-1 analogues + 

Me t + SU 

α-Glucosidase 

inhibitors + Met +  SU 

Basal insul in +  Met 
+ SU 

Favours treatment Favours placebo 
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Figure B: Difference in Change from Baseline in Body Weight for Active Comparisons (A vs. B) 
 
   

-7 -5 -3 -1 1 3 5
Difference in change in body weight from baseline (kg)
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Basal insulin + Met + SU 

Basal insulin + Met + SU vs. 
Biphasic insulin 

GLP-1 analogues + Met + SU vs. 
Biphasic insulin + Met 

Biphasic insulin + Met vs. 
Biphasic insulin + Met + SU 

Biphasic + Met vs.  
Basal insulin + Met 

Basal insulin + Repag. + Met vs. 
Basal insulin + Met 

Biphasic + Met vs.  
Basal insulin + Repag. + Met 

Basal insulin + SU vs. 
LM50/LM25 

Insulin + Pioglitazone + Met vs. 
Insulin + Placebo + Met 

Fa vours A Fa vours B 
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APPENDIX 29: FULL RESULTS FOR CHANGE FROM 
BASELINE IN BODY WEIGHT: PRIMARY MTC 
ANALYSIS  

CHANGE IN BODY WEIGHT (KG) FROM BASELINE  

 Treatment 
Direct Estimates WMD 

(95% CI) 
MTC Estimates 

(95% CrI) 

Probability of 
least weight 

gain  

Mean 
Rank 

Vs. Placebo + Metformin + Sulfonylurea 

Basal Insulin + Met + SU 0.88 (-1.39, 3.15) 1.85 (0.54, 3.09) 0.0% 5.07 

Biphasic Insulin + Met + SU ——— 3.35 (1.65, 5.03) 0.0% 7.24 

TZD + Met + SU 3.54 (2.43, 4.64) 3.10 (1.73, 4.43) 0.0% 6.94 

DPP-4 + Met + SU 1.10 (0.28, 1.29) 1.11 (-1.36, 3.57) 2.4% 4.32 

α-glucosidase + Met + SU -0.88 (-1.63, -0.14) -0.43 (-2.20, 1.44) 12.5% 2.37 

GLP-1 + Met + SU -0.88 (-1.29, -0.47) -1.59 (-3.01, -0.20) 83.8% 1.19 

IAsp + Met + SU 1.99 (1.00,2.99) 5.00 (2.52, 7.43) 0.0% 8.72 

Meglitinide + Met + SU ——— 2.67 (-0.94, 6.32) 0.8% 6.23 

Vs. Basal Insulin + Metformin + Sulfonylurea 

Biphasic Insulin + Met + SU 1.43 (-1.25, 4.11) 1.50 (0.14, 2.93) 

TZD + Met + SU 0.86 (0.05, 1.67) 1.25 (-0.04, 2.54) 

DPP-4 Inhibitors + Met + SU ——— -0.74 (-3.49, 2.04) 

α-glucosidase + Met + SU -0.30 (-2.08, 1.48) -2.28 (-4.29, -0.11) 

GLP-1 + Met + SU -3.85 (-4.32, -2.48) -3.44 (-4.69, -2.13) 

IAsp + Met + SU 3.80 (3.00, 4.60) 3.15 (0.98, 5.37) 

Meglitinide +Met + SU   ——— 0.81 (-2.89, 4.64) 

See above 

Vs. Biphasic Insulin + Metformin + Sulfonylurea 

TZD + Met + SU ——— -0.25 (-2.09, 1.55) 

DPP-4 Inhibitors +Met + SU ——— -2.24 (-5.24, 0.76) 

α-glucosidase + Met + SU ——— -3.78 (-6.09, -1.32) 

GLP-1 + Met + SU -5.21 (-5.97, -4.46) -4.94 (-6.31, -3.56) 

IAsp + Met + SU 1.00 (0.22, 1.78) 1.65 (-0.56, 3.83) 

Meglitinide + Met + SU ——— -0.68 (-4.54, 3.28) 

See above 

Vs. TZD + Metformin + Sulfonylurea 

DPP-4 Inhibitors + Met + SU ——— -1.99 (-4.78, 0.84) 

α-glucosidase + Met + SU ——— -3.53 (-5.63, -1.27) 

GLP-1 + Met + SU ——— -4.68 (-6.32, -3.01) 

IAsp + Met + SU ——— 1.90 (-0.60, 4.43) 

Meglitinide + Met + SU ——— -0.43 (-4.23, 3.46) 

See above 

Vs. DPP-4 Inhibitors + Metformin + Sulfonylurea 

α-glucosidase + Met + SU ——— -1.54 (-4.53, 1.55) 

GLP-1 + Met + SU ——— -2.70 (-5.56, 0.15) 

IAsp + Met + SU ——— 3.89 (0.37, 7.35) 

Meglitinide + Met + SU ——— 1.56 (-2.75, 6.01) 

See above 

Vs. Alpha-glucosidase inhibitors + Metformin + Sulfonylurea 

GLP-1 + Met + SU ——— -1.15 (-3.43, 0.99) 

IAsp + Met + SU ——— 5.43 (2.37, 8.30) 

Repaglinide + Met + SU  3.10 (0.95, 5.25) 3.10 (-0.03, 6.26) 

See above 
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CHANGE IN BODY WEIGHT (KG) FROM BASELINE  

 Treatment 
Direct Estimates WMD 

(95% CI) 
MTC Estimates 

(95% CrI) 

Probability of 
least weight 

gain  

Mean 
Rank 

Vs. GLP-1 + Metformin + Sulfonylurea 

IAsp + Met + SU ——— 6.59 (4.21, 8.93) 

Meglitinide + Met + SU  ——— 4.25 (0.48, 8.15) 

See above 

Vs. IAsp + Metformin + Sulfonylurea 

Meglitinide + Met + SU  ——— -2.33 (-6.55, 2.03) See above 
CI=confidence interval; CrI=credible interval; DPP-4=dipeptidyl peptidase-4; GLP-1=glucagon-like peptide-1; IAsp=insulin aspart; 
Met=metformin; MTC=mixed treatment comparison; NPH=neutral protamine Hagedorn; SU=sulfonylurea; TZD=thiazolidinediones; 
WMD=weighted mean difference 
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APPENDIX 30: FULL RESULTS FOR CHANGE FROM 
BASELINE IN BODY WEIGHT: SECONDARY MTC 
ANALYSIS 

 
DIFFERENCE IN CHANGE FROM BASELINE IN BODY WEIGHT (KG) 

 Treatment 
Direct Estimates WMD 

(95% CI) 
MTC Estimates 

(95% CrI) 

Probability of 
least weight 

gain  

Mean 
Rank 

Vs. Placebo + Metformin + Sulfonylurea 

Basal Insulin + Met + SU 0.88 (-1.39, 3.15) 2.57 (1.29, 3.78) 0.0% 6.6 

Biphasic Insulin + Met + SU ——— 3.89 (2.38, 5.41) 0.0% 9.9 

TZD + Met + SU 3.54 (2.43, 4.64) 3.47 (2.24, 4.67) 0.0% 8.9 

DPP-4 + Met + SU 1.10 (0.28, 1.29) 1.10 (-1.02, 3.19) 1.6% 4.6 

α-glucosidase + Met + SU -0.88 (-1.63, -0.14) -0.93 (-2.96, 1.10) 39.4% 1.9 

GLP-1 + Met + SU -0.88 (-1.29, -0.47) -1.18 (-2.42, 0.07) 55.2% 1.5 

IAsp + Met + SU ——— 5.63 (3.46, 7.78) 0.0% 13.5 

Meglitinide + Met + SU ——— 2.16 (-0.68, 5.01) 0.2% 6.5 

Basal Insulin + Met  ——— 2.74 (-1.06, 6.55) 1.3% 7.3 

Biphasic Insulin + Met ——— 4.96 (2.58, 7.37) 0.0% 12.3 

Insulin NPH + SU ——— 4.17 (1.40, 7.13) 0.0% 10.4 

NPH + Repaglinide + Met ——— 4.25 (0.13, 8.33) 0.2% 10.6 

Insulin NPH ——— 5.29 (-1.02, 11.61) 1.7% 11.4 

Biphasic Insulin ——— 4.46 (2.56, 6.54) 0.0% 11.3 

Vs. Basal Insulin + Metformin + Sulfonylurea 

Biphasic Insulin + Met + SU 1.43 (-1.25, 4.11) 1.33 (0.17, 2.57) 

TZD + Met + SU 0.86 (0.05, 1.67) 0.90 (-0.26, 2.10) 

DPP-4 Inhibitors + Met + SU ——— -1.47 (-3.86, 1.01) 

α-glucosidase + Met + SU -0.3 (-2.08, 1.48) -3.50 (-5.82, -1.07) 

GLP-1 + Met + SU -3.85 (-4.32, -2.48) -3.75 (-4.83, -2.59) 

IAsp + Met + SU 3.8 (3.00, 4.60) 3.06 (1.22, 4.95) 

Meglitinide +Met + SU   ——— -0.41 (-3.48, 2.73) 

Basal Insulin + Met  ——— 0.17 (-3.56, 3.94) 

Biphasic Insulin + Met ——— 2.40 (0.14, 4.73) 

Insulin NPH + SU ——— 1.61 (-0.87, 4.31) 

NPH + Repaglinide + Met ——— 1.68 (-2.39, 5.72) 

Insulin NPH ——— 2.72 (-3.53, 8.99) 

Biphasic Insulin  2.24 (0.1, 4.39) 1.89 (0.43, 3.57) 

See above 

Vs. Biphasic Insulin + Metformin + Sulfonylurea 

TZD + Met + SU ——— -0.42 (-2.01, 1.12) 

DPP-4 Inhibitors +Met + SU ——— -2.80 (-5.42, -0.20) 

α-glucosidase + Met + SU ——— -4.83 (-7.32, -2.29) 

GLP-1 + Met + SU -5.21 (-5.97, -4.46) -5.08 (-6.26, -3.92) 

IAsp + Met + SU 1.00 (0.22, 1.78) 1.74 (-0.12, 3.57) 

Meglitinide + Met + SU ——— -1.74 (-4.94, 1.47) 

Basal Insulin + Met  ——— -1.15 (-4.83, 2.50) 

Biphasic Insulin + Met 1.3 (0.16, 2.44) 1.07 (-1.10, 3.24) 

See above 
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DIFFERENCE IN CHANGE FROM BASELINE IN BODY WEIGHT (KG) 

 Treatment 
Direct Estimates WMD 

(95% CI) 
MTC Estimates 

(95% CrI) 

Probability of 
least weight 

gain  

Mean 
Rank 

Insulin NPH + SU ——— 0.28 (-2.47, 3.19) 

NPH + Repaglinide + Met ——— 0.35 (-3.66, 4.32) 

Insulin NPH ——— 1.39 (-4.96, 7.75) 

Biphasic Insulin  ——— 0.56 (-1.30, 2.60) 

Vs. TZD + Metformin + Sulfonylurea 

DPP-4 Inhibitors + Met + SU ——— -2.38 (-4.81, 0.09) 

α-glucosidase + Met + SU ——— -4.40 (-6.74, -2.00) 

GLP-1 + Met + SU ——— -4.66 (-6.08, -3.23) 

IAsp + Met + SU ——— 2.16 (-0.01, 4.33) 

Meglitinide + Met + SU ——— -1.32 (-4.39, 1.81) 

Basal Insulin + Met  ——— -0.73 (-4.59, 3.13) 

Biphasic Insulin + Met ——— 1.49 (-0.98, 4.00) 

Insulin NPH + SU ——— 0.70 (-2.06, 3.62) 

NPH + Repaglinide + Met ——— 0.77 (-3.41, 4.91) 

Insulin NPH ——— 1.81 (-4.55, 8.17) 

Biphasic Insulin ——— 0.98 (-0.88, 3.03) 

See above 

Vs. DPP-4 Inhibitors + Metformin + Sulfonylurea 

α-glucosidase + Met + SU ——— -2.03 (-4.92, 0.90) 

GLP-1 + Met + SU ——— -2.28 (-4.75, 0.18) 

IAsp + Met + SU ——— 4.53 (1.53, 7.56) 

Meglitinide + Met + SU ——— 1.06 (-2.47, 4.64) 

Basal Insulin + Met  ——— 1.65 (-2.68, 6.02) 

Biphasic Insulin + Met ——— 3.87 (0.67, 7.08) 

Insulin NPH + SU ——— 3.08 (-0.38, 6.73) 

NPH + Repaglinide + Met ——— 3.15 (-1.48, 7.76) 

Insulin NPH ——— 4.19 (-2.38, 10.87) 

Biphasic Insulin ——— 3.36 (0.57, 6.33) 

See above 

Vs. Alpha-glucosidase inhibitors + Metformin + Sulfonylurea 

GLP-1 + Met + SU ——— -0.25 (-2.64, 2.08) 

IAsp + Met + SU ——— 6.56 (3.60, 9.49) 

Repaglinide + Met + SU  3.10 (0.95, 5.25) 3.09 (1.08, 5.09) 

Basal Insulin + Met  ——— 3.68 (-0.63, 7.96) 

Biphasic Insulin + Met ——— 5.90 (2.77, 9.05) 

Insulin NPH + SU ——— 5.11 (1.67, 8.67) 

NPH + Repaglinide + Met ——— 5.18 (0.61, 9.75) 

Insulin NPH ——— 6.22 (-0.43, 12.94) 

Biphasic Insulin ——— 5.39 (2.62, 8.29) 

See above 

Vs. GLP-1 + Metformin + Sulfonylurea 

IAsp + Met + SU ——— 6.82 (4.79, 8.84) 

Meglitinide + Met + SU  ——— 3.34 (0.24, 6.48) 

Basal Insulin + Met  ——— 3.93 (0.29, 7.56) 

Biphasic Insulin + Met 6.00 (4.84, 7.16) 6.15 (4.04, 8.27) 

Insulin NPH + SU ——— 5.36 (2.66, 8.27) 

NPH + Repaglinide + Met ——— 5.43 (1.46, 9.34) 

Insulin NPH ——— 6.47 (0.15, 12.83) 

See above 
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DIFFERENCE IN CHANGE FROM BASELINE IN BODY WEIGHT (KG) 

 Treatment 
Direct Estimates WMD 

(95% CI) 
MTC Estimates 

(95% CrI) 

Probability of 
least weight 

gain  

Mean 
Rank 

Biphasic Insulin ——— 5.64 (3.83, 7.62) 

Vs. IAsp + Metformin + Sulfonylurea 

Meglitinide + Met + SU  ——— -3.48 (-7.04, 0.11) 

Basal Insulin + Met  ——— -2.89 (-6.93, 1.16) 

Biphasic Insulin + Met ——— -0.67 (-3.42, 2.14) 

Insulin NPH + SU ——— -1.46 (-4.52, 1.82) 

NPH + Repaglinide + Met ——— -1.39 (-5.71, 2.96) 

Insulin NPH ——— -0.35 (-6.81, 6.19) 

Biphasic Insulin  ——— -1.18 (-3.48, 1.34) 

See above 

Vs. Meglitinide + Metformin + Sulfonylurea 

Basal Insulin + Met  ——— 0.59 (-4.20, 5.34) 

Biphasic Insulin + Met ——— 2.81 (-0.94, 6.50) 

Insulin NPH + SU ——— 2.02 (-2.02, 6.16) 

NPH + Repaglinide + Met ——— 2.09 (-2.91, 7.11) 

Insulin NPH ——— 3.13 (-3.81, 10.16) 

Biphasic Insulin ——— 2.30 (-1.11, 5.86) 

See above 

Vs. Basal Insulin + Metformin 

Biphasic Insulin + Met 2.20 (-0.05, 4.45) 2.22 (-0.76, 5.17) 

Insulin NPH + SU ——— 1.43 (-3.08, 6.07) 

NPH + Repaglinide + Met 1.50 (-0.03, 3.03) 1.50 (-0.94, 3.97) 

Insulin NPH ——— 2.54 (-4.70, 9.84) 

Biphasic Insulin  ——— 1.71 (-2.27, 5.82) 

See above 

Vs. Biphasic Insulin + Metformin 

Insulin NPH + SU ——— -0.79 (-4.17, 2.73) 

NPH + Repaglinide + Met -0.7 (-1.41, 0.01) -0.72 (-4.08, 2.60) 

Insulin NPH ——— 0.32 (-6.30, 6.91) 

Biphasic Insulin ——— -0.51 (-3.18, 2.32) 

See above 

Vs. Insulin NPH + Sulfonylurea 
NPH + Repaglinide + Met ——— 0.07 (-4.77, 4.81) 

Insulin NPH 1.6 (-0.82, 2.38) 1.11 (-5.19, 7.51) 

Biphasic Insulin  0.90 (0.12, 1.68) 0.28 (-1.75, 2.34) 

See above 

Vs. NPH + Meglitinide + Metformin 

Insulin NPH ——— 1.04 (-6.41, 8.46) See above 

Biphasic Insulin ——— 0.21 (-4.07, 4.61)  

Vs. Insulin NPH 

Biphasic Insulin  -0.7 (-1.48, 0.08) -0.83 (-6.90, 5.24) See above 
CI=confidence interval; CrI=credible interval; DPP-4=dipeptidyl peptidase-4; GLP-1=glucagon-like peptide-1; IAsp=insulin 
aspart; Met=metformin; MTC=mixed treatment comparison; NPH=neutral protamine Hagedorn; SU=sulfonylurea; 
TZD=thiazolidinediones; WMD=weighted mean difference 
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APPENDIX 31: MODEL FIT PARAMETERS FOR MTC 
META-ANALYSES 

Analysis 
Residual 
deviance 

DIC 
Unconstrained data 

points 
Hemoglobin A1C  

Random effects model vs. fixed effects model  

Reference case – random effects model 20.9 10.9 31 
Reference case – fixed effects model 56.4 37.7 31 

Meta-regression adjusting for: 

Baseline hemoglobin A1C 20.0 10.2 31 
Baseline duration of diabetes 21.2 11.7 31 

Sensitivity analyses with removal of: 

Cross-over studies 18.6 2.8 28 
A1C < 7.0% (inclusion criteria) 19.2 7.1 25 
Failed to provide SU dosing at baseline 13.3 7.2 21 

Body Weight  

Random effects model vs. fixed effects model 

Reference case – random effects model 19.2 41.9 26 
Reference case – fixed effects model 85.8 72.3 26 

Meta-regression adjusting for: 

Baseline body mass index 19.3 42.2 26 

Sensitivity analyses with removal of: 

Cross-over studies 15.9 31.3 23 
A1C < 7.0% (inclusion criteria) 19.2 41.9 21 

Failed to provide SU dosing at baseline 13.2 32.1 18 
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APPENDIX 32: META-REGRESSION COEFFICIENTS 
FOR A1C AND BODY WEIGHT 

Two meta-regression analyses were conducted for hemoglobin A1C to adjust for differences in baseline 
A1C and duration of diabetes.  The estimated regression coefficient is β = -0.18 (95% CI: -0.41, 0.05) in 
the baseline A1C adjusted model.  Although not statistically significant, this finding suggests that studies 
with a higher mean baseline A1C had larger effect sizes than those with a lower mean baseline A1C. The 
estimated regression coefficient for the mean duration of diabetes adjusted model [β = -0.01 (95% CI: -
0.15, 0.14)] suggests that differences in this particular characteristic did not influence the effect sizes 
reported in the MTC meta-analysis. Similar to the model for duration of diabetes, adjustments for baseline 
body mass index did not significantly impact the results of the MTC meta-analysis for change from 
baseline in body weight [β = 0.16 (-0.14, 0.46)]. 
 
The deviance information criterion (DIC) is a statistic that measures model fit and penalizes for 
complexity.  Based on the DIC and residual deviance, the model adjusting for baseline A1C has a lower 
value than the unadjusted model (DIC, 10.2 vs. 21.6; Residual deviance, 20.0 vs. 31.7). This indicates 
that adjusting for the covariate - baseline hemoglobin A1C - improves model fit and explains some 
heterogeneity/inconsistency in the meta-analysis.  
 
Table 25: Regression-coefficients  

Outcome Meta-regression parameter Regression coefficient DIC RD 
Hemoglobin A1C Baseline hemoglobin A1C β = -0.18 (-0.41, 0.05) 10.2 20.0 
Hemoglobin A1C Duration of diabetes β = -0.01 (-0.15, 0.14) 11.7 21.2 
Body weight Baseline body mass index β = 0.16 (-0.14, 0.46) 42.2 19.3 
DIC=deviance information criterion, RD=residual deviance 
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APPENDIX 33: DEFINITIONS OF OVERALL, SEVERE, AND NOCTURNAL 
HYPOGLYCEMIA FROM RCTS 

Study Overall Hypoglycemia Severe Hypoglycemia Nocturnal Hypoglycemia 

Aljabri et al, 200410 Hypoglycemia was defined as a glucose meter value of > 
68 mg/dL  

Severe hypoglycemia was defined as low 
glucose levels resulting in loss of 
consciousness or requiring 
assistance for treatment  

Not Reported 

Al-Shaikh, 200612 Not Reported Not Reported Not Reported 

Bergenstal et al, 200914 minor hypo: BG < 3.1 mmo/l with or without hypoglycemia BG < 3.1 mmol/l and requiring 3rd person 
assistance 

Not Reported 

Berhanu et al, 200716 SMBG < 60 mg/dl or Laboratory value < 70 mg/dl, more 
than two simultaneous hypoglycemic symptoms relieved 
by oral glucose containing substance or resulting in 
needing assistance from simple tasks 

Not Reported Not Reported 

Charpentier et al, 
200920 

Not Reported Not Reported Not Reported 

Dailey  et al, 200422 Documented blood glucose concentrations ≤ 50 mg/dL in 
association with symptoms of hypoglycemia  

Required pharmacologic treatment or 
necessitated third-party assistance. 

Not Reported 

Davies et al, 200724 symptomatic: if clinical symptoms were confirmed by a 
home BG reading of < 3.5 mmol/L 
asymptomatic: no symptoms but a reading of < 3.5 mmol/L 

Symptoms consistent with hypoglycemia 
requiring 3rd party assistance with BG < 
2.8 mmol/L or if prompt recovery after oral 
carbohydrate, IV glucose or glucagon 
administration 

Hypoglycemia occurring while 
the patient was asleep between 
the evening injection and 
breakfast. 

De Mattia et al, 200926 Not Reported Not Reported Not Reported 

Derosa et al28 Not Reported Not Reported Not Reported 

Dorkhan et al, 200930 Not Reported Not Reported Not Reported 

Esposito et al, 200832 Biochemical hypoglycemia (symptomatic or aymptomatic) 
as a documented glucose level less than 4.0 mmol/l (<72 
mg/dL). 

Symptoms consistent with hypoglycemia 
requiring the assistance of another person 
and that were associated with either a 
plasma glucose level  ≤ 3.1 mmol/l (56 
mg/dL) or with prompt recovery after oral 
carbohydrate, i.v. glucose or glucagon 
administration. 

Hypoglycemia occurring after 
the bedtime injection and 
before the participant 
awakened in the morning. 
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Study Overall Hypoglycemia Severe Hypoglycemia Nocturnal Hypoglycemia 

Gao et al, 200934 Any time a patient experienced a sign or symptom of 
hypoglycemia or documented blood glucose level < 3.3 
mmol/L during self-monitoring, whether or not this level 
was associated with signs, symptoms, or treatment. 

As an episode with symptoms in which the 
patients required assistance of another 
person and was associated with either a 
glucose level of < 2.8 mmol/L or prompt 
recovery after oral carbohydrate, 
intravenous glucose, or intramuscular 
glucagon. 

Not Reported 

Goudswaard et al, 
200436 

Symptoms with or without blood glucose reading < 4.0 
mmol/L (results presented separately) 

Unconsciousness and support needed 
from a third party 

Not Reported 

Hartemann-Heurtier et 
al, 200938 

Not Reported Not Reported Not Reported 

Heine et al, 200540 
Boye et al, 200618 

Not Reported Not Reported Not Reported 

Hermansen et al, 200741 Not Reported Not Reported Not Reported 

Holman et al, 200743 Grade 1: if a patient had symptoms with a self-measured 
capillary glucose level of 3.1 mmol/l or more; 
 
Grade 2 (minor): if the patient had symptoms with a self-
measured capillary glucose level of less than 3.1 mmol/l 

Grade 3 (major): if third party assistance 
was required 

Not Reported 

Janka et al, 200511 
Janka et al, 200713 

Hypoglycemia was considered confirmed if documented 
by a BG level less than 60 mg/dL (< 3.3 mmol/l) 

Symptoms consistent with hypoglycemia 
that required the assistance of another 
person and associated with a BG level 
<36 mg/dl (<2.0 mmol/l) or prompt 
recovery after oral carbohydrate, 
intravenous glucose, or glucagon 

Not Reported 

Kendall et al, 200515 For mild/moderate hypoglycemia, subjects reported 
symptoms consistent with hypoglycemia that may have 
been documented by a plasma glucose concentration 
value (< 3.33 mmol/l).  

For severe hypoglycemia, subjects 
required the assistance of another person 
to obtain treatment for their hypoglycemia, 
including intravenous glucose or 
intramuscular glucagon. 

Not Reported 

Ko et al, 200617 Not Reported Not Reported Not Reported 
Lam et al, 199819 Not Reported Not Reported Not Reported 

Lopez-Alvarenga et al, 
199921 

Not Reported Not Reported Not Reported 

Milicevic et al, 200923 Not Reported Not Reported Not Reported 

Nauck et al, 200725 Any time a patient experienced a sign or symptom of hypoglycemia or noted blood glucose level <3.4 mmol/l (60 mg/dl) during self 
monitoring, whether or not this level was associated with signs, symptoms or treatment. The severity (mild, moderate or severe) and timing 
(nocturnal or daytime) of each hypoglycemic event and whether it could be attributed to therapy (yes or no) were assessed by the 
investigator. 

Ovalle et al, 200427 Not Reported Not Reported Not Reported 
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Study Overall Hypoglycemia Severe Hypoglycemia Nocturnal Hypoglycemia 

Reynolds et al, 200729 A blood glucose value <70 mg/dl or events characterized 
by typical symptoms and relieved by feeding 

Required third party assistance during a 
hypoglycemic episode 

Not Reported 

Rosenstock et al, 
200631 
Vinik et al, 200742 

Confirmed symptomatic hypoglycemia was defined as an 
event with clinical symptoms consistent with hypoglycemia 
(confirmed with a meter reading); 
 
Confirmed or documented hypoglycemia was defined as 
plasma glucose levels <70 mg/dl (<3.9 mmol/l), <50 mg/dl 
(<2.8 mmol/l), or <36 mg/dl (<2.0 mmol/l) 

Requiring assistance with either a plasma 
glucose level <36 mg/dl (<2.0 mmol/l) or 
prompt recovery after oral carbohydrate, 
intravenous glucose, or glucagon 
administration 

Symptomatic hypoglycemia 
occurring after the evening 
insulin injection and before 
getting up in the morning. 

Ross et al, 200133 Blood glucose < 3 mmol/L or development of typical 
hypoglycemic symptoms 

Event requiring assistance by another 
person, coma, or seizure 

Not Reported 

Russell-Jones et al, 
200935 

Symptoms and plasma glucose <3.1 mmol/L 3rd party medical assistance required Not Reported 

Standl et al, 200137 Not Reported Not Reported Not Reported 

Stehouwer et al, 200339 Not Reported Not Reported Not Reported 

Strojek et al, 200945 Minor – self-measured plasma glucose < 3.1 mmol/L and 
symptoms only – symptoms that are considered to be 
related to hypoglycemia with or without confirmation by 
plasma glucose ≥ 3.1mmol/L. 
 

An event requiring the assistance of 
another person to actively administer 
carbohydrate, glucagons, or other 
resuscitative actions. 

Hypoglycemic episode 
occurring from 00:00 to 06:00. 

Yki-Jarvinen et al, 
200644 

Biochemical hypoglycemia was defined as a plasma 
glucose level ≤ 4 mmol/l.  

An event with symptoms consistent with 
hypoglycemia during which the subject 
required the assistance of another person 
and which was associated with either a 
plasma glucose level  ≤ 3.1 mmol/l or with 
prompt recovery after oral carbohydrate, 
i.v. glucose or glucagon administration. 

Not Reported 

BG=blood glucose, i.v.=intravenous  
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APPENDIX 34: SUMMARY OF TRIALS REPORTING 
SEVERE HYPOGLYCEMIA   

Severe Hypoglycemia 
Study 

Treatment 1 n/N Treatment 2 n/N OR (95%CI) 

Aljabri, 200410 TZD + M + S 0/30 Basal + M + S 0/28 Not estimable 

Al-Shaikh, 200612 Biphasic Insulin NR Basal + M + S NR NR 

Bergenstal, 200914 GLP-1 + M + S 0/124 Biphasic QD + M + S 4/124 0.11 (0.01, 2.02) 

Bergenstal, 200914 Biphasic BID + M 6/124 GLP-1 + M + S 0/124 13.66 (0.76, 245.12) 

Bergenstal, 200914 Biphasic BID + M 6/124 Biphasic QD + M + S 4/124 1.53 (0.42, 5.54) 

Berhanu, 200716 Insulin + TZD + M 4/110 Insulin + Placebo + M 0/112 9.51 (0.51, 178.71) 

Charpentier, 200920 TZD + M + S NR Placebo + M + S NR NR 

Dailey, 200422 TZD + M + S 0/181 Placebo + M + S 0/184 Not estimable 

Davies, 200724 Biphasic + M 0/27 Basal + M 0/29 Not estimable 

Davies, 200724 NPH + Meg + M 1/26 Basal + M 0/29 3.47 (0.14, 88.99) 

Davies, 200724 NPH + Meg + M 1/26 Biphasic + M 0/27 3.24 (0.13, 83.08) 

De Mattia, 200926 IGlar + M + S 0/20 NPH + M + S 0/20 Not estimable 

Derosa, 200928 Meg + M + S NR AGI + M + S NR NR 

Dorkhan, 200930 Basal + M + S NR TZD + M + S NR NR 

Gao, 200934 GLP-1 + M + S 2/189 Placebo + M + S 0/186 4.97 (0.24, 104.29) 

Goudswaard, 
200436 

Biphasic Insulin 1/31 Basal + M + S 0/33 3.30 (0.13, 83.97) 

Hartemann-
Heurtier, 200938 

TZD + M + S 0/14 Basal + M + S 0/13 Not estimable 

Heine, 200540 GLP-1 + M + S 4/282 Basal + M + S 4/267 0.95 (0.23, 3.82) 

Hermansen, 200741 DPP-4 + M + S 0/116 Placebo + M + S 0/113 Not estimable 

Holman, 200743 IAsp + M + S 16/238 Basal + M + S 4/234 4.14 (1.36, 12.59) 

Holman, 200743 IAsp + M + S 16/238 Biphasic + M + S 11/235 1.47 (0.67, 3.23) 

Holman, 200743 Biphasic + M + S 11/235 Basal + M + S 4/234 2.82 (0.89, 9.00) 

Janka, 200511 Biphasic Insulin NR Basal + M + S 0/177 N/A 

Janka, 200713 Biphasic Insulin NR Basal + M + S 0/67 N/A 

Kendall, 200515 
GLP-1 (5 μg BID 
and 10ug. Bid) + M 
+ S 

1/486 Placebo + M + S 0/247 1.53 (0.06, 37.68) 

Ko, 200617 TZD + M + S NR Basal + M + S NR N/A 

Lam, 199819 AGI + M + S 1/41 Placebo + M + S 0/40 3.00 (0.12, 75.85) 

Lopez-Alvarenga, 
199921 

AGI + M + S NR Placebo + M + S NR N/A 

Lopez-Alvarenga, 
199921 

Basal + M + S NR Placebo + M + S NR N/A 

Lopez-Alvarenga, 
199921 

AGI + M + S NR Basal + M + S NR N/A 

Milicevic, 200923 Biphasic Insulin 2/68 Basal + S 0/67 5.08 (0.24, 107.72) 

Nauck, 200725 GLP-1 + M + S 0/253 Biphasic + M + S 0/248 Not estimable 
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Severe Hypoglycemia 
Study 

Treatment 1 n/N Treatment 2 n/N OR (95%CI) 

Ovalle, 200427 Biphasic + M + S NR TZD + M + S NR NR 

Reynolds, 200729 Basal + M + S 0/18 TZD + M + S 0/17 Not estimable 

Rosenstock, 200631 TZD + M + S 6/112 Basal + M + S 3/104 1.91 (0.46, 7.82) 

Ross, 200933 
Insulin lispro + 
NPH 

NR HI + NPH NR NR 

Russell-Jones, 
200935 

GLP-1 + M + S 5/230 Placebo + M + S 0/114 5.59 (0.31, 101.89) 

Russell-Jones, 
200935 

Basal + M + S 0/232 Placebo + M + S 0/114 Not estimable 

Russell-Jones, 
200935 

GLP-1 + M + S 5/230 Basal + M + S 0/232 11.34 (0.62, 206.30) 

Standl, 200137 AGI + M + S 0/65 Placebo + M + S 0/68 Not estimable 

Stehouwer, 200339 Basal insulin 0/88 Basal + S 0/86 Not estimable 
Stehouwer, 200339 Biphasic Insulin 0/87 Basal + S 0/88 Not estimable 
Stehouwer, 200339 Basal insulin 0/88 Biphasic Insulin 0/87 NR 

Strojek, 200945 Biphasic + M + S 3/231 Basal + M + S 2/238 NR 

AGI=alpha glucosidase inhibitor, Basal=basal insulin, BID=twice daily, biphasic=biphasic insulin, DPP=dipeptidyl peptidase, 
GLP=glucagon-like peptide, HI=human insulin, iGlar=insulin glargine, IAsp=insulin aspart, Meg=meglitinide, M=metformin, 
n=number of patients with an event, N=total number of patients, NPH=neutral protamine Hagedorn, NR=not reported, QD=at 
bedtime, RR=relative risk , S=ulfonylurea, TZD=thiazolidinediones 

7  
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APPENDIX 35: SUMMARY OF TRIALS REPORTING 
OVERALL HYPOGLYCEMIA 

Overall Hypoglycemia 
Study 

Treatment 1 n/N Treatment 2 n/N OR (95%CI) 

Aljabri, 200410 TZD + M + S 11/30 Basal + M + S 19/28 0.27 (0.09, 0.81) 

Al-Shaikh, 200612 Biphasic Insulin NR Basal + M + S NR NR 

Bergenstal, 200914 GLP-1 + M + S 36/124 Biphasic QD + M + S 69/124 0.33 (0.19, 0.55) 

Bergenstal, 200914 Biphasic BID + M 76/124 GLP-1 + M + S 36/124 3.87 (2.28, 6.58) 

Bergenstal, 200914 Biphasic BID + M 76/124 Biphasic QD + M + S 69/124 1.26 (0.76, 2.09) 

Berhanu, 200716 Insulin + TZD + M 51/110 Insulin + Placebo + M 35/112 1.90 (1.10, 3.29) 

Charpentier, 200920 TZD + M + S 35/145 Placebo + M + S 11/154 4.14 (2.01, 8.51) 

Dailey, 200422 TZD + M + S 40/181 Placebo + M + S 6/184 8.42 (3.47, 20.41) 

Davies, 200724 Biphasic + M 8/27 Basal + M 7/29 1.32 (0.40, 4.33) 

Davies, 200724 NPH + Meg + M 4/26 Basal + M 7/29 0.57 (0.15, 2.23) 

Davies, 200724 NPH + Meg + M 4/26 Biphasic + M 8/27 0.43 (0.11, 1.66) 

De Mattia, 200926 IGlar + M + S  15/20 NPH + M + S 13/20 0.62 (0.16, 2.43) 

Derosa, 200928 Meg + M + S NR AGI + M + S NR NR 

Dorkhan, 200930 Basal + M + S NR TZD + M + S NR NR 

Gao, 200934 GLP-1 + M + S NR Placebo + M + S NR NR 

Goudswaard, 200436 Biphasic Insulin NR Basal + M + S NR NR 

Hartemann-Heurtier, 
200938 

TZD + M + S 6/14 Basal + M + S 10/13 0.23 (0.04, 1.19) 

Heine, 200540 GLP-1 + M + S NR Basal + M + S NR NR 

Hermansen, 200741 DPP-4 + M + S 19/116 Placebo + M + S 1/113 
21.94 (2.88, 166.90) 

 

Holman, 200743 IAsp + M + S 229/238 Basal + M + S 173/234 8.97 (4.34, 18.56) 

Holman, 200743 IAsp + M + S 229/238 Biphasic + M + S 216/235 2.24 (0.99, 5.05) 

Holman, 200743 Biphasic + M + S 216/235 Basal + M + S 173/234 4.01 (2.31, 6.96) 

Janka, 200511 Biphasic Insulin 127/187 Basal + M + S 109/177 1.32 (0.86, 2.03) 

Janka, 200713 Biphasic Insulin NR Basal + M + S NR NR 

Kendall, 200515 
GLP-1 (5 μg BID 
and 10ug. Bid) + M 
+ S 

114/486 Placebo + M + S 31/247 
2.14 (1.39, 3.29) 

 

Ko, 200617 TZD + M + S 0/56 Basal + M + S 5/56 0.08 (0.00, 1.54) 

Lam, 199819 AGI + M + S NR Placebo + M + S NR NR 

Lopez-Alvarenga, 
199921 

AGI + M + S NR Placebo + M + S 0/19 NR 

Lopez-Alvarenga, 
199921 

Basal + M + S NR Placebo + M + S 0/19 NR 

Lopez-Alvarenga, 
199921 

AGI + M + S NR Basal + M + S NR NR 

Milicevic, 200923 Biphasic Insulin NR Basal + S NR NR 

Nauck, 200725 GLP-1 + M + S NR Biphasic + M + S NR NR 
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Overall Hypoglycemia 
Study 

Treatment 1 n/N Treatment 2 n/N OR (95%CI) 

Ovalle, 200427 Biphasic + M + S NR TZD + M + S NR NR 

Reynolds, 200729 Basal + M + S NR TZD + M + S NR NR 

Rosenstock, 200631 TZD + M + S 47/112 Basal + M + S 57/104 0.60 (0.35, 1.02) 

Ross, 200933 
Insulin lispro + 
NPH 

NR HI + NPH NR NR 

Russell-Jones, 
200935 

GLP-1 + M + S 63/230 Placebo + M + S 19/114 1.89 (1.07, 3.34) 

Russell-Jones, 
200935 

Basal + M + S 67/232 Placebo + M + S 19/114 2.03 (1.15, 3.58) 

Russell-Jones, 
200935 

GLP-1 + M + S 63/230 Basal + M + S 67/232 0.93 (0.62, 1.39) 

Standl, 200137 AGI + M + S 0/65 Placebo + M + S  Not estimable 

Stehouwer, 200339 Basal insulin 63/88 Basal + S 53/86 1.57 (0.83, 2.96) 
Stehouwer, 200339 Biphasic Insulin 63/87 Basal + S 53/86 1.63 (0.86, 3.10) 
Stehouwer, 200339 Basal insulin 63/88 Biphasic Insulin 63/87 1.04 (0.54, 2.02) 

Strojek, 200945 Biphasic + M + S 133/231 Basal + M + S 122/238 1.29 (0.90, 1.86) 

AGI=alpha glucosidase inhibitor, Basal=basal insulin, BID=twice daily, biphasic=biphasic insulin, DPP=dipeptidyl peptidase, 
GLP=glucagon-like peptide, HI=human insulin, iGlar=insulin glargine, IAsp=insulin aspart, Meg=meglitinide, M=metformin, n=number of 
patients with an event, N=total number of patients, NPH=neutral protamine Hagedorn, NR=not reported, QD=at bedtime, RR=relative 
risk , S=ulfonylurea, TZD=thiazolidinediones 
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APPENDIX 36: FOREST PLOTS FOR HYPOGLYCEMIA 
FROM INDIVIDUAL RCTS 

 
Figure A: Overall Hypoglycemia for Placebo-controlled Trials 
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Figure B: Overall Hypoglycemia for Active Comparisons (A vs. B) 
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