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ACRONYMS 
ACA = acarbose 
ACE = angiotensin converting enzyme 
AE = adverse event 
ALO = alogliptin 
Asp = aspart 
bid = twice daily 
BMI = body mass index  
BW = body weight 
C = Central 
CADTH = Canadian Agency for Drugs and Technologies 
in Health 
CAN = canagliflozin 
CI = confidence interval 
Conf = confidence 
CrCl = creatinine clearance 
CV(D) = cardiovascular (disease)  
DAP = dapagliflozin  
DB = double blind 
Deg = degludec 
Det = detemir 
df = degrees of freedom 
DPP-4(-i) = dipeptidyl peptidase-4 (inhibitor) 
E = Eastern 
ECG = electrocardiogram 
eGFR = estimated glomerular filtration rate 
EM = existing medication 
EXN = exenatide  
FBG = fasting blood glucose 
FPG = fasting plasma glucose 
GI/GIT = gastrointestinal tract 
Gla = glargine 
GLIB = glibenclamide 
GLIP = glipizide  
GLP-1(-RA) = glucagon-like peptide-1 (receptor agonist); 
incretin mimetic  
GLZ = gliclazide  
GMP = glimepiride  
HbA1c = glycated haemoglobin  
HF = heart failure 
Hypo-G = hypoglycaemia  
IBD = irritable bowel disease 
IM = intramuscular 
INS = insulin 
ITT = intention to treat 
IV = intravenous 
LADA = latent autoimmune diabetes of adults 
LIN = linagliptin  
LIR = liraglutide 
Lis = lispro mix 75/25 
LOCF = last observation carried forward 
MET/MF = metformin  
MCID = minimal clinically important difference 
MD = mean difference 

MI = myocardial infarction 
Mor = mortality 
MTC = mixed treatment comparison 
MVD = microvascular disease  
N = North 
NHMRC = National Health and Medical Research 
Council 
NICE = National Institute for Health and Care Excellence 
NPH = neutral protamine Hagedorn 
NR = not reported 
NZ = New Zealand 
OAD = oral antidiabetic drug 
od = once daily 
OL = open label 
OR = odds ratio 
Pan = pancreatitis  
PBAC = Pharmaceutical Benefits Advisory Committee 
PBO = placebo  
PBS = Pharmaceutical Benefits Scheme  
PC = placebo controlled 
PIO = pioglitazone 
QALY = quality adjusted life year 
R = randomised 
RACGP = Royal Australian College of General 
Practitioners 
RAS = renin-angiotensin system 
RCT = randomised controlled trial 
RIVO = rivoglitazone 
ROS = rosiglitazone 
S = South 
SAE = serious adverse event 
SAX = saxagliptin  
SD = standard deviation 
SGLT2 = sodium glucose co-transporter 2 
SGLT2-i = sodium glucose co-transporter 2 inhibitor  
SIT = sitagliptin  
SU = sulfonylurea  
T1DM = type 1 diabetes mellitus 
T2DM = type 2 diabetes mellitus 
tid = three times daily 
TZD = thiazolidinedione  
UTI = urinary tract infection  
VIL = vildagliptin  
W = Western 
? = unclear 
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EXECUTIVE SUMMARY 
 

PURPOSE OF THE REVIEW 
The purpose of the review is to collate and evaluate clinical trials for medicines currently 
listed on the PBS for type 2 diabetes and provide a brief review of relevant clinical treatment 
guidelines. 
 

BACKGROUND 
In October 2012, the Department of Health announced a Post-Market Review of Products 
used in the Management of Diabetes. The review is being undertaken in three stages: 

1. Blood glucose test strips;  
2. Insulin pumps; and  
3. Type 2 diabetes medicines.  

 
The Pharmaceutical Benefits Advisory Committee (PBAC) agreed to ten Terms of Reference 
for the Review. This report addresses Terms of Reference 4 of stage 3 of the review, i.e. 
collate and evaluate any additional clinical studies or meta-analyses for medicines currently 
listed on the PBS for type 2 diabetes that the PBAC has not seen and that would inform their 
consideration. 
 
The expert Reference Group provided advice on the focus for the approach taken in this 
report. After an initial literature review and consultation with the Reference Group, the 
following approach was recommended: 
A. A brief review of clinical treatment guidelines with regard to pharmacotherapy algorithms, 

both nationally and internationally. 
B. A systematic literature review on the comparative efficacy and safety of medications for 

type 2 diabetes currently listed on the PBS or recommended for listing by the PBAC (up 
to November 2013). For this literature review, the following approach was taken to 
classify therapies based on concomitant use of medicines: 

1. Monotherapy:  
i. Listing of trials comparing monotherapy treatments. 

2. Dual therapy: 
i. Listing of trials which include dual therapy comparisons previously seen 

by the PBAC. 
ii. Full data extraction and analyses of efficacy and safety of those dual 

therapy trials which include dual combination therapy not currently listed 
on the PBS. 

3. Triple therapy: 
i. Full assessment of the comparative efficacy and safety (including meta-

analyses and network analyses) for trials which include triple therapy. 
4. Treatment added to existing medication: 

i. Full assessment of the comparative efficacy and safety for trials which 
include type 2 diabetes medication in addition to existing medication. 

 
Currently there are eight categories of diabetes medicines listed on the PBS; Table 1 
provides a summary of these categories and the medicines listed on the PBS (or considered 
for listing to November 2013). 
 
Table 1: List of medicine name and medicine groups listed on the PBS and used for identifying systematic reviews 
and RCTs of diabetes medication in March 2014. 

Medicine Group Medicine Names 
Biguanide Metformin (MET) 
Sulfonylureas (SU) Gliclazide (GLZ), Glimepiride (GMP), Glipizide (GLIP), Glibenclamide (GLIB) 
Thiazolidinedione (TZD) Pioglitazone (PIO), Rosiglitazone (ROS) 
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Medicine Group Medicine Names 
Alpha-glucosidase inhibitors Acarbose (ACA) 

Dipeptidyl peptidase-4 (DPP-4) inhibitors 
Alogliptin (ALO), Sitagliptin (SIT), Saxagliptin (SAX), Linagliptin (LIN), 
Vildagliptin (VIL) 

Glucagon-like peptide-1 (GLP-1) receptor 
agonists or incretin mimetics 

Exenatide (EXN), Liraglutide (LIR)  

Insulins (INS) 
Aspart (Asp), Lispro mix 75/25 (Lis), Glulisine, Neutral, Detemir (Det), 
Glargine (Gla), Isophane 

Sodium glucose co-transporter 2 (SGLT2) 
inhibitors  

Canagliflozin (CAN), Dapagliflozin (DAP) 

 

REVIEW OF CLINICAL GUIDELINES 
 
Most Australian and international clinical guidelines recommend an individualised approach 
to the treatment of type 2 diabetes and the optimal HbA1c target with regards to each patient. 
The balance is between optimal management of the disease and the prevention of 
microvascular events, and severe hypoglycaemia. Other considerations are cost, efficacy, 
potential side effects, effects on body weight, comorbidities, and patient preferences and 
abilities (e.g. oral or injectable medications).  
 
'''''''''''''' ''' ''''''''''''''''''''''' ''''''' ''''''''''' ''''''''''''''''''''''''' '''''''''' '''''''' ''''''''''''''''''''' '''''''''''''''''''' '''''''''''''''''''' 
 
'''''''''''''' '''' ''''''''''' '''''''''''''''''''''' ''''''''''' '''''''''''''''' '''''''''''''''''' '''''''''''''''''' ''' ''''''''''''''''''' '''''''''''''''''' ''''''''''''''''' 

 
''''''''''''''''''' '''''''''''''''''''' ''''' '''''''' '''''''''''''''''''''''' ''''''''''''''''''' ''''''''''''''''' '''''''' '''''''' '''''''''' '''''''''''''''' '''''''''''''''' ''''''''''''''''''' ''''' '''''''' ''''''''''''''''''''''''''''' ''''' '''''''''''''''' 
''''''''''''''''''''' ''' '''''''''''''''''''''''' ''''''''''''''''''''''''''''' '''''''''''''''''''''''''' ''''''''''''''''''''''''' ''' '''''''''''''''''''''''''''' ''''''''''''''''''''''' '''''''''''''''''''' ''''''''''''''''' ''''''''''''''' '''' ''''''''''''''''''' '''''''''''''''''''''''''''''''''' 
'''''''''''''''' ''' '''''''''''''''''' ''''''''''''''''''' ''''''''''''''''''''''''''''''' ''''' '''''''''' '''' ''''''''''''''''''''''''''''''''''''''''' 

 
 
The consensus between the different guidelines (nationally and internationally) is that 
metformin is considered the first line of pharmacotherapy unless there are contraindications 
or patient intolerance. If either of these are present, sulfonylureas are considered the most 
appropriate alternative to metformin. The guidelines advise that if treatment with 
monotherapy does not result in optimal blood glucose levels then dual therapy should be 
initiated. The recommended dual therapy combination is metformin and a sulfonylurea, 
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unless contraindicated for the individual patient.  In this scenario, other oral medications 
such as dipeptidyl peptidase-4 (DPP-4) inhibitors and thiazoldinediones (TZD) are generally 
recommended. 
 
If dual therapy is ineffective in controlling blood glucose, a third agent can be used to assist 
treatment. Insulin is most often considered the preferred option in combination with 
metformin and sulfonylurea. Again, other treatments can be used if the preferred option is 
not suitable for the patient due to contraindications or intolerances, and it is generally 
recommended that the medicine selected is tailored to the individual patient. 
 

SYSTEMATIC LITERATURE REVIEW 
 
Methods 
 
A systematic literature review was performed in four steps.  

1. Identify the most relevant systematic reviews. 
2. Update the literature search for identified systematic reviews from step 1. 
3. Identify the relevant randomised controlled trials (RCTs) from steps 1 and 2. 
4. Update the literature search to include additional trials for triple therapy. 

 
Ovid MEDLINE and The Cochrane Library Database were searched on 5 March 2014, using 
search terms for diabetes mellitus type 2 and the items listed in Table 1 or derivatives of 
these. Attachment B.1.1 contains full details of the searches and terms used in each 
database.  
 
Systematic reviews were identified for each medicine category or for multiple medicine 
categories based on inclusion criteria and were assessed to identify the most relevant 
reviews to inform this systematic review (see Section B.1 for full details). In all, 493 
references were identified in the searches and 3 systematic reviews were included in the 
final analysis. The systematic reviews that were considered most relevant to this review are 
presented in Table 2. The clinical trials from the systematic literature reviews were extracted 
for further consideration. 
 
Table 2: Included systematic reviews identified in a search of treatments for type 2 diabetes on the 5th March 2014 

Publication (Author, year) Treatments included in the systematic review 
Bennet 2011 1 MET, SU, TZD, GLP-1 receptor agonists, acarbose (insulin included in the 

searches from 2002) 
Berhan 2013 2 SGLT2 inhibitors 
Monami 2010 3 DPP-4 inhibitors 

DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MET = metformin: SGLT2 = sodium glucose co-transporter 2; SU = 
sulfonylurea; TZD = thiazolidinedione  

 
Systematic literature searches were carried out to update the three identified systematic 
reviews. Ovid MEDLINE and The Cochrane Library Database were searched on 11 March 
2014 (see Attachment B.1.2). The key inclusion criteria were that the duration of the trial 
needed to be at least 24 weeks and that at least 250 patients were included in each 
treatment arm.  
 
Greater emphasis was placed on identifying efficacy for triple medicine combination 
therapies. Therefore, the inclusion criteria were modified to reflect this interest and trials with 
more than 100 participants were included.  
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Data extraction and analysis 
 
Risk of bias assessment was performed for each included RCT and was assessed using the 
Cochrane Collaboration’s ‘Risk of bias’ tool (Version 5.1.0).4 Data for the following clinical 
outcomes was extracted from the trials: 

1. HbA1c 
2. change in body weight 
3. adverse events 
4. hypoglycaemia (all, serious and nocturnal) 
5. serious adverse events 
6. mortality 
7. cardiovascular events 
8. microvascular events 
9. urinary tract infections 
10. pancreatitis. 

 
The PBAC has previously considered a difference of 0.3% or 0.4% in HbA1c to be clinically 
important (Vildagliptin, March 2010 Public Summary Document). Therefore, a difference of 
0.3% is considered the minimum clinically important difference (MCID) in HbA1c for the 
purpose of this report. For the other outcomes (e.g. body weight, adverse events, 
hypoglycaemia, serious adverse event, cardiac events), no MCID has been established. 
 
Data from the RCTs were extracted into Excel including all outcome measures and 
measures of variability; standard deviations, standard errors and 95% confidence intervals 
were imputed where necessary. The data was then imported into STATA for meta-analysis 
and network meta-analysis. Where multiple trials were available head-to-head meta-
analyses were performed using a random effects model. 
 
A multiple-treatments network analysis was undertaken to summarise the results of triple 
therapy for each of the outcomes where a network existed (HbA1c, body weight, serious 
adverse events, hypoglycaemia and serious hypoglycaemia) using the trial data in the 
clinical evidence base. The network analysis assumes that more than one treatment arm can 
come from an individual trial. The estimated overall treatment effects were calculated using 
the “network meta” and “mvmeta” commands in STATA using a random effects model. The 
STATA .do file for HbA1c is presented in Attachment B.1.7. Possible covariates (HbA1c, age 
and body mass index (BMI)) were examined prior to carrying out the network analysis to 
ensure similarities in baseline characteristics. The measurements of treatment effect 
calculated were mean differences (and their 95% confidence intervals) for continuous data, 
and odds ratios (and their 95% confidence intervals) for dichotomous outcomes. 
 
No meta-analyses or network analyses were performed for the trials with monotherapy, dual 
therapy or existing medication. The reason for not performing these analyses was that no 
further analyses were required by the Reference Group for monotherapy and dual therapy. 
For existing medication, the included patients, trial design and reported outcomes were 
heterogeneous precluding further meta-analyses. 
 

RESULTS 
 
In all, 2,720 publications were identified in the database searches. When filtered by the 
inclusion criteria, 87 publications covering 72 RCTs were identified as relevant for the 
review.  

 13 trials informed comparisons between monotherapy  
o 11/13 trials have not been considered by the PBAC previously. 

 28 trials informed comparisons including dual therapy 
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o 14/28 trials have not been considered by the PBAC previously. 
 2 trials informed comparisons for both the monotherapy and dual therapy 

o 2/2 trials have not been considered by the PBAC previously. 
 21 trials informed comparisons including triple therapy 

o 14/21 trials have not been considered by the PBAC previously. 
 8 trials informed comparisons including added treatment to existing medication 

o 2/8 trials have not been considered by the PBAC previously. 
 
For the monotherapy trials and the majority of the dual therapy trials, no further assessment 
of the efficacy and safety was performed. 
 
Dual Therapy  
 
The Reference Group considered that the data for TZD vs. TZD + DPP-4 inhibitors (Yoon et 
al, 2011) added important further information. Participants in the Yoon (2011)5 trial were 
recruited between 2006 and 2008. Participants were multi-national and included adult 
patients that were medicine naïve with elevated HbA1c of ≥8.0% and ≤12.0%. There were no 
significant differences at baseline between the two treatment arms. 
 
On the basis of direct comparison evidence it could be argued that:  

 TZD + DPP-4 inhibitors results in superior efficacy (HbA1c only; -0.9%; 95% CI: -1.1 
to -0.7) compared to TZD monotherapy 

 TZD + DPP-4 inhibitors results in increased weight gain (1.1 kg; p-value not reported) 
compared to TZD monotherapy 

 TZD + DPP-4 inhibitors results in similar safety compared to TZD monotherapy. 
 
The trial had some limitations, including a short duration of 24 weeks, and a low number of 
specific adverse events. Further, as the patients were treatment naïve, the results may not 
be applicable to Australian practice where both dual therapy and these medicines are 
unlikely to be used as first line therapy.  
 
Triple Therapy 
 
The literature search identified 22 publications covering 21 trials with type 2 diabetes 
patients receiving triple therapy. The majority of trials were of 24-26 weeks of duration (13/21 
trials), with only 2 trials (DeRosa 2013 and Zinman 2012)6; 7 with a duration longer than one 
year. Details of the comparisons included in the triple therapy trials are presented in Table 3 
and Figure 2 presents the network of trials in the triple therapy comparisons. 
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Table 3: Comparisons included in trials with triple therapy 
Comparison Intervention 1 Intervention 2 Number of trials Trials N Duration RoB Primary outcome Other outcomes 

1 MET + SU + DPP-4-i MET + SU 2 
Hermansen 2007 8 441 24 wks Low HbA1c BW, AE, SAE, Hypo-G 
Owens 2011 9 1,055 24 wks Unclear HbA1c BW, AE, SAE, Hypo-G, UTI 

2 MET + SU + TZD   MET + SU 1 Dailey 2004 10 365 24 wks Unclear HbA1c BW, AE, Hypo-G 

3 MET + SU + GLP-1-RA MET + SU 2 * 
Kendall 2005 11 733 30 wks High HbA1c BW, AE, SAE, Hypo-G 
Russell-Jones 2009 12 * 581 26 wks Low HbA1c BW, AE, SAE, Hypo-G, Pan 

4 MET + SU + INS MET + SU + INS 7 # 

Al-Shaikh 2006 13 221 26 wks High HbA1c BW 
Bergenstal 2009 14 # 372 24 wks Unclear HbA1c BW, AE, SAE, Hypo-G, 
Esposito 2008 15 116 36 wks Unclear HbA1c BW, AE, SAE, Hypo-G, 
Holman 2007 16 708 1 yr Unclear HbA1c BW, AE, Hypo-G, 
Janka 2005 17 371 24 wks Unclear HbA1c BW, AE, Hypo-G, 
Strojek 2009 18 469 26 wks Unclear HbA1c BW, AE, Hypo-G, 
Yang 2013 19 521 24 wks High HbA1c BW, AE, SAE, Hypo-G, 

5 MET + SU + GLP-1-RA MET + SU + INS 4 *# 

Russell-Jones 2009 12 * 581 26 wks Low HbA1c BW, AE, SAE, Hypo-G, Pan 
Bergenstal 2009 14 # 372 24 wks Unclear HbA1c BW, AE, SAE, Hypo-G 
Heine 2005 20 549 26 wks Unclear HbA1c BW, SAE, Hypo-G 
Nauck 2007 21 501 52 wks Unclear HbA1c BW, AE, SAE, Hypo-G 

6 MET + SU + TZD MET + SU + INS 1 Rosenstock 2006 22 216 24 wks High HbA1c BW, AE, SAE, Hypo-G 
7 MET + SU + DPP-4-i MET + SU + SGLT2-i 1 Schernthaner 2013 23 755 1 yr High HbA1c BW, AE, SAE, Hypo-G, UTI 

8 MET + TZD + DPP-4-i MET + TZD 2 
Bosi 201124 803 1 yr Low HbA1c BW, AE, SAE, Hypo-G, UTI 
DeFronzo 2012 25 1,554 26 wks Unclear HbA1c AE, SAE, Hypo-G, UTI 

9 MET + TZD + DPP-4-i MET + SU + TZD 1 Derosa 2013 6 453 3 yr Low HbA1c BW 

10 MET + INS + DPP-4-i MET + INS + DPP-4-i 1 
 Zinman 2012 7 
(Rodbard, 2013 26) 

1,030 1 and 2 yr Unclear HbA1c BW, AE, SAE, Hypo-G, 

11 MET + GLP-1-RA + INS MET + GLP-1-RA 1 DeVries 2012 27 323 26 wks Unclear HbA1c BW, AE, SAE, Pan 
* One trial included three treatment arms (MET + SU + GLP-1-RA, MET + SU and MET + SU + insulin) and provided information for comparison 3 and 5.  
# One trial included three treatment arms (MET + SU + INS, MET + SU + INS and MET + SU + GLP-1-RA) and provided information for comparisons 4 and 5. 
AE = adverse event; BW = body weight; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; 
MET = metformin; Pan = pancreatitis; RoB = risk of bias; SAE = serious adverse event; SGLT2-i = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection; 
wks = weeks; yr = year  
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Trials that only compared the same treatment groups were excluded from the network 
analyses (comparisons 4 and 10 above). Additionally, one trial did not link to the network, as 
none of the treatment arms were included in any of the other trials (comparison 11 above). 
No evidence was identified for triple therapy which included acarbose. 
 
Figure 2: Network of trial evidence available for triple therapy 

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; HbA1c = glycated haemoglobin; INS = 
insulin; MET = metformin; SU = sulfonylurea; SGLT2-i = sodium glucose co-transporter 2 inhibitor; TZD = thiazolidinedione 
Note that the network is different for each identified outcome, as not all trials reported all outcomes. 

 

Trial Quality 
 
Twenty one triple therapy trials were assessed for bias. All stated that they were RCTs; 
however, nine trials did not provide information on how randomisation occurred, resulting in 
an unclear risk of selection bias in those trials. Nine of the trials were double-blind in which 
participants and personnel were blinded to treatment allocation, resulting in a low risk of 
performance and detection bias. The twelve open-label trials had a high risk of performance 
and detection bias. In the majority of the trials, last observation carried forward was used to 
handle incomplete outcome data. A number of trials had differing levels of attrition between 
the treatment arms, increasing the risk of attrition bias. As seven trials did not provide a trial 
register number, these have an unclear risk of reporting bias. The paper by Al-Shaikh 2006 
provided no information on trial design and could be subject to other biases. The majority of 
the trials were supported by pharmaceutical companies, making the risk of additional bias 
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unclear. Overall, four trials were identified as having a high risk of bias,11; 13; 19; 22 twelve trials 
were identified as having an unclear risk of bias,7; 9; 10; 14; 15; 16; 17; 18; 20; 21; 25; 27 and five trials as 
having a low risk of bias.6; 8; 12; 23; 24   
 
The primary outcome of interest for each trial was mean difference in HbA1C from the control 
group and most trials were powered to assess this outcome, except Rosenstock 2006 and 
Al-Shaikh 2006 which did not provide power calculations.13; 22 The publications did not report 
whether the trials were adequately powered for the secondary outcomes.  

Baseline characteristics 
 
The baseline characteristics across the triple therapy trials varied and would be expected to 
result in some heterogeneity when the network analyses are performed. There were 
differences in race, gender and baseline body weight between the different trials. The key 
features of the triple therapy trials were that patients were adult type 2 diabetes patients with 
HbA1c of 7% (53 mmol/mol) or higher, this would be similar to the Australian population that 
these drugs were intended for. However, some applicability problems may arise for the trials 
where triple therapy was used in patients that were treatment naïve,6; 22 as Australian 
patients on triple therapy will have received monotherapy and dual therapy for a period of 
time before being put onto triple therapy. HbA1c, BMI and age at baseline were similar in 
each of the trials that were included in the meta-analyses and network analyses, increasing 
the reliability of the outcomes from these analyses. 

Efficacy 
 
Thirteen RCTs were identified for inclusion in the network analysis for HbA1c.

6; 8; 9; 10; 11; 12; 14; 

20; 21; 22; 23; 24; 25 Figure 3 and Figure 4 present forest plots for the HbA1c results for triple 
therapy presenting the mean difference between the treatment comparisons.  
 
Figure 3: Forest plot of mean difference in HbA1c (%) (95% CI) at six months for different triple therapy 
combinations compared to metformin + sulfonylurea dual therapy – network analysis 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1 = glucagon-like peptide-1 receptor agonist; HbA1c = glycated 
haemoglobin; INS = insulin; MET = metformin; SGLT2-i = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = 
thiazolidinedione 
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Figure 4: Forest plot of mean difference in HbA1c (%) (95% CI) at six months for different triple medicine 
combinations compared to each other – network analysis 

 
CI = confidence interval; DPP-4(-i) = dipeptidyl peptidase-4 inhibitor; GLP-1 = glucagon-like peptide-1 receptor agonist; HbA1c = glycated 
haemoglobin; INS = insulin; MET = metformin; SGLT2 = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = 
thiazolidinedione 

 
The key findings for HbA1c showed that all triple therapy combinations of medicines  in the 
network analysis provided a significantly better reduction in HbA1c compared to metformin + 
sulfonylurea dual therapy, in the range of 0.7–1.1%, except for metformin + TZD + DPP-4 
inhibitor (-0.47%; 95% CI: -1.55 to 0.61%). This improvement was clinically relevant when 
GLP-1 agonist or insulin was added to metformin + sulfonylurea (upper CI greater than the 
MCID of 0.30%). Metformin + sulfonylurea + SGLT-2 inhibitor produced the largest reduction 
in HbA1c compared to metformin + sulfonylurea dual therapy.  
 
None of the triple therapy combinations demonstrated clinically relevant differences 
compared with other triple therapies. However, metformin + sulfonylurea + GLP-1 receptor 
agonist was significantly better at reducing HbA1c than metformin + TZD + DPP-4 inhibitor. 
 
The addition of insulin to metformin + GLP-1 receptor agonist (not shown in the figures 
above) provided a significant and clinically important reduction of HbA1c compared to 
metformin + GLP-1 receptor agonist dual therapy (mean difference -0.52; 95% CI: -0.68% to 
-0.36%). 
 
Twelve RCTs were identified for inclusion in the network analysis for body weight change.6; 8; 

9; 10; 11; 12; 14; 20; 21; 22; 23; 25 Figure 5 and Figure 6 present forest plots for the summary of the 
network analysis of body weight for triple therapy presenting the mean difference between 
the treatment comparisons. 
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Figure 5: Forest plot of mean difference in change in body weight (kg) (95% CI) at six months for different triple 
therapy combinations compared to metformin + sulfonylurea dual therapy – network analysis 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1 = glucagon-like peptide-1 receptor agonist; INS = insulin; MET 
= metformin; SGLT2 = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = thiazolidinedione 

 
Figure 6: Forest plot of mean difference in change in body weight (kg) (95% CI) at six months for different triple 
therapy combinations compared to each other – network analysis 

 
CI = confidence interval; DPP-4(-i) = dipeptidyl peptidase-4 inhibitor; GLP-1 = glucagon-like peptide-1 receptor agonist; INS = insulin; MET 
= metformin; SGLT2 = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = thiazolidinedione 

 
Only the addition of SGLT-2 inhibitor or GLP-1 receptor agonist to metformin + sulfonylurea 
combination therapy showed a significant reduction in body weight compared to metformin + 
sulfonylurea (MD: -2.4; 95% CI: -4.1 to -0.6 and MD: -1.5 kg; 95% CI: -2.4kg to -0.6kg 
respectively). All other combinations caused similar or more weight gain than metformin + 
sulfonylurea (-0.3 to 3.5 kg).   
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In combination with metformin + sulfonylurea, SGLT2 inhibitors were superior in terms of 
body weight change to TZDs (-4.5 kg; 95% CI: -7.0 to -2.0), insulin (-4.2 kg; 95% CI: -6.4 to -
2.1), and DPP-4 inhibitors (-3 kg; 95% CI: -4.5 to -1.5). In combination with metformin + 
sulfonylurea, GLP-1 receptor agonists were superior in terms of body weight change to 
TZDs (-4.7 kg; 95% CI: -5.8 to -3.5 kg), insulin (-3.9 kg; 95% CI: -4.6 to -3.2 kg), and DPP-4 
inhibitors (-1.8 kg; 95% CI: -3.2 to -0.5 kg).  
 
In combination with metformin + sulfonylurea, DPP-4 inhibitors were not different in terms of 
body weight change when compared to insulins (-1.3 kg, 95% CI: -2.8, 0.2) and TZDs (-1.6. 
kg; 95% CI: -3.4, 0.2), and when combined with metformin + TZD (0.78 kg; 95% CI: -1.1, 
2.7). In combination with metformin+ TZD, DPP-4 inhibitors were superior to sulfonylureas 
(-3.1 kg; 95% CI: -5.0, -1.1). 
 
The common triple therapy combination of metformin + sulfonylurea + insulin was; superior 
in weight change to metformin + sulfonylurea + TZD (-1.3 kg; 95% CI: -2.5 to -0.0 kg), and 
was inferior to metformin + TZD + DPP-4 inhibitor (2.2 kg; 95% CI: 0.2 to 4.2 kg).  
 
Not shown in the figures above due to a lack of common arms with the network, the addition 
of insulin to metformin + GLP-1 receptor agonist had significantly reduced effect on body 
weight change compared to metformin + GLP-1 receptor agonist dual therapy (0.79 kg; 95% 
CI: 0.08 kg to 1.49 kg), however it provided a mild reduction in overall weight of 0.16 kg. 

Adverse Events 
 
Adverse events were difficult to compare in the network as the trials were generally of short 
duration and the event rates were too low to provide meaningful analysis. Table 4 
summarises the odds ratio of adverse events between different triple therapy combinations 
from direct trials.  
 
While adverse events were presented in most trials the total number of participants that 
experienced an adverse event was only presented in seven trials that compared different 
treatment groups. No network existed for analysis of adverse events. Three trials compared 
two different triple therapy regimens over one year in duration,21; 23; 24 the remaining trials 
were less than or equal to 30 weeks in duration. Three other publications presented adverse 
event data for trials of a duration over one year,7; 16; 26 but these were for trials that compared 
medicines of the same treatment groups (i.e. comparison of the same three triple therapy 
medicine groups in both treatment arms). 
 
Table 4: Comparison of adverse events between different triple therapy combinations 
Intervention Comparator Trials OR (95% CI) I2 
Triple therapy vs. dual therapy  

MET + SU + DPP-4 inhibitors MET + SU 
Owens, 20119 
Hermansen, 20078 

1.12 (0.92, 1.37) * 0% 

MET + TZD + DPP-4 inhibitors MET + TZD 
  
DeFronzo, 201225 

0.92 (0.81, 1.05) N/A 

MET + TZD + DPP-4 inhibitors MET + TZD Bosi, 201124 1.13 (0.97, 1.32) N/A 
MET + GLP-1 receptor agonists + 
INS 

MET + GLP-1 receptor 
agonists 

DeVries, 201227 1.50 (1.19, 1.90) N/A 

Triple therapy vs triple therapy  
MET + SU + GLP-1 receptor agonists MET + SU + INS Nauck, 200721 2.46 (1.70, 3.55) N/A 

MET + SU + SGLT2  inhibitors 
MET + TZD + DPP-4 
inhibitors 

Schernthaner 201323 0.99 (0.70, 1.39) N/A 

* Based on meta-analysis of two trials.CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; INS = 
insulin; MET = metformin; N/A = not applicable; OR = odds ratio; SGLT2 = sodium glucose co-transporter 2; SU = sulfonylurea; TZD = 
thiazolidinedione  
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Only two comparisons showed significant differences in adverse events; metformin + 
sulfonylurea + GLP-1 receptor agonist had significantly higher adverse events than 
metformin + sulfonylurea + insulin, and  insulin treatment resulted in significantly higher 
adverse events when used with metformin and GLP-1 receptor agonist compared to 
metformin and GLP-1 receptor agonist dual therapy. 

Hypoglycaemia 
 
Seven RCTs were identified for inclusion in the network analysis for hypoglycaemia at six 
months8; 9; 10; 11; 12; 14; 22. Figure 7 and Figure 8 present forest plots for the summary of the 
network analysis of hypoglycaemia for triple therapy presenting the mean difference 
between the treatment comparisons at 6 months. 
 
Figure 7: Forest plot of hypoglycaemia events (OR; 95% CI) at six months for different triple therapy combinations 
compared to metformin + sulfonylurea – network analysis 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; 
MET = metformin; OR = odds ratio; SU = sulfonylurea; TZD = thiazolidinedione 

 
Figure 8: Forest plot of hypoglycaemic events (OR; 95%CI) at six months for different triple therapy combinations 
compared to each other – network analysis 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; 
MET = metformin; OR = odds ratio; SU = sulfonylurea; TZD = thiazolidinedione. 
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Metformin + sulfonylurea + TZD and metformin + sulfonylurea + insulin increased the odds 
of hypoglycaemia when compared to metformin + sulfonylurea. Metformin + sulfonylurea + 
GLP-1 receptor agonist reduced the odds of hypoglycaemia compared to metformin + 
sulfonylurea + insulin. At one year, there was no difference when metformin + sulfonylurea + 
SGLT2 inhibitor was compared to metformin + sulfonylurea + DPP-4 inhibitor.23  

Other Outcome Measures 
 
Reporting of mortality, cardiovascular and microvascular disease, severe hypoglycaemia, 
urinary tract infections and pancreatitis varied throughout the trials and it was not possible to 
ascertain if the outcome did not occur or was not reported. For those trials that did report 
these outcomes, event rates were too low to provide meaningful analyses. There were no 
statistically significant differences in severe hypoglycaemia, mortality, cardiovascular events, 
urinary tract infections or pancreatitis in any of the trials that reported these outcomes. 
 
It is not possible to draw definitive conclusions about other outcomes based on these 
analyses as the majority of trials were of short duration and involved a low number of 
participants.  Also definitions for hypoglycaemia, serious hypoglycaemia and serious 
adverse events were different between trials and it was not always clear whether outcomes 
occurred but were not reported, or whether they didn’t occur in the trial period. 
 
Existing medication 
 
The literature search identified 12 publications covering 8 RCTs comparing diabetes 
medicines added to existing therapy. Table 5 provides details of these trials. 
 
The key findings of the existing medication trials were: 

 The addition of an extra medicine to existing therapy led to an improvement in HbA1c 
for all the included trials, with a reduction in HbA1c at the end of trial compared to the 
control group of around 0.3% to 0.75% from baseline.  

 The addition of a sulfonylurea or a GLP-1 receptor agonist to existing medication 
produced weight reduction from baseline. The addition of TZDs and insulin showed 
weight gain from baseline of around 3.6 kg. 

 For the trials that reported all adverse events (n=4) and serious adverse events (n=6) 
none demonstrated a difference in these events across the different treatment arms. 

 The addition of sulfonylureas (OR: 1.4, 95% CI: 1.31, 1.49), TZDs (OR: 1.39, 95% CI: 
1.23, 1.57) and DPP-4 inhibitors (OR; 1.17, 95% CI; 1.07, 1.28) to existing therapy 
increased the occurrence of hypoglycaemia at two years, while DPP-4 inhibitors 
showed no difference in hypoglycaemic events at 18 months (OR: 1.04, 95% CI: 
0.84, 1.29). 

 Only one trial reported on urinary tract infections. There was no difference between 
the rates of urinary tract infection when DPP-4 inhibitors were added to existing 
medication, compared to existing medication.  

 There were no differences between the rates of pancreatitis when DPP-4 inhibitors 
were added to existing medication, compared to existing medication.  
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Table 5: Comparisons included in trials with existing medication 
Intervention 1 Intervention 2 Trials N Duration Disease characteristics RoB Primary outcome Other outcomes 
Trials > 1 year duration 

EM + SU EM 
ADVANCE 2008 28 
(Zoungas  2010 29)  

11,140 5 yrs 
Macro or micro vascular 
disease or ≥1 other risk 
factor of vascular disease 

Unclear 
Composite of major macrovascular 
events a and major microvascular events 
b,  assessed both jointly and separately 

HbA1c, BW, Hypo-G, CV 
events 

EM + TZD   EM 
Dormandy 2005 30 
(Doehner 2012 31) 
(Erdmann 2010 32) 

5,238 34.5 mths Macrovascular disease Low 

Composite of all-cause mortality, non-
fatal MI, stroke, ACS, endovascular or 
surgical intervention in the coronary or leg 
arteries, and amputation above the ankle 

HbA1c, BW, SAE, CV 
events 

EM + DPP-4-i EM  
Scirica 2013 33 16,492 2.1 yrs 

CVD or multiple risk 
factors for vascular 
disease 

Low 
Composite of CV death, MI or ischaemic 
stroke 

HbA1c, Hypo-G, Pan, CV 
events 

White 2013 34 5,380 18 mths Recent ACS Low 
Composite of death from CVD, non-fatal 
MI or non-fatal stroke 

HbA1c, BW, SAE, Pan, CV 
events 

Trials < 1 year duration 

EM + GLP-1-RA EM + GLP-1-RA 
Ji 2013 35 681 26 wks Type 2 diabetes Unclear HbA1c BW, AE, SAE, Hypo-G 
Buse 2013 36 911 26 wks Type 2 diabetes Unclear HbA1c BW, AE, Hypo-G 

EM + INS EM + INS 
Buse 2009 37 
(Herman 2011 38) 

2,091 24 wks 
Type 2 diabetes, insulin 
naïve  

Unclear HbA1c BW, AE, SAE, Hypo-G 

EM + INS + DPP-4-i EM + INS Vilsboll 2010 39 641 24 wks Type 2 diabetes Low HbA1c BW, AE, SAE, Hypo-G, UTI 
a Death from CV causes, non-fatal MI or non-fatal stroke  
b New or worsening nephropathy or retinopathy 
ACS = acute coronary syndrome; AE = adverse event; BW = body weight; CV(D) = cardiovascular (disease); DPP-4-i = dipeptidyl peptidase-4 inhibitor; EM = existing medication; GLP-1-RA = glucagon-like peptide-
1 receptor agonist; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; MI = myocardial infarction mths = months; Pan = pancreatitis; RoB = risk of bias; SAE = serious adverse event; SGLT2-i 
= sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection; wks = weeks; yr = years  
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Cardiovascular outcomes 
 
There were four long duration trials (>1 year) that were specifically aimed at examining 
cardiovascular disease and mortality in patients at high risk of heart failure. Table 6 
summarises the cardiovascular outcomes between different therapy combinations from the 
direct trials. For these trials, the definition/grouping of cardiovascular disease outcomes was 
reported differently in the different trials.  
 
Table 6: Primary and key secondary cardiovascular outcome results from existing medication trials with a duration 
of > 1 year 

 

EM vs. EM + SU EM vs. EM + TZD EM vs. EM + DPP-4 inhibitors 

Advance 200828 Dormandy 200530 Scirica 201333 White 201334 

EM + SU EM EM + TZD EM 
EM + 

DDP-4-i 
EM + 
PBO 

EM + 
DDP-4-i 

EM + 
PBO 

Trial duration 5 years (median) 34.5 months 2.1 year 18 months 
n 5,571 5,569 2,605 2,633 8,280 8,212 2,701 2,679 

Death from any cause 0.93 (0.83, 1.06) a 0·96 (0.78, 1.18) a NR NR 

Heart failure 5 (−14 to 21) d 1.49 (1.23, 1.8) b NR NR 

Hospitalisation due to heart failure NR 1.42 (1.1, 1.83) b 1.27 (1.07, 1.51) a NR 

Major microvascular events: new or 
worsening nephropathy or retinopathy 

0.86 (0.77, 0.97) a NR NR NR 

Major macrovascular events: CV 
death, non-fatal MI and non-fatal 
stroke. 

0.94 (0.84, 1.06) a 0.84 (0.72, 0.98) a 1.00 (0.89, 1.12) a 0.96 (≤ 1.16) c 

Death from any cause, non-fatal 
myocardial infarction, stroke, acute 
coronary syndrome, leg 
amputation/revascularisation and 
coronary revascularisation 

NR 0.90 (0.80, 1.02) a NR NR 

Combined major macrovascular and 
microvascular events 

0.90 (0.82, 0.98)a NR NR NR 

CV death, MI, stroke, hospitalisation 
for unstable angina, HF, or coronary 
revascularisation: secondary efficacy 
end point 

NR NR 1.02 (0.94, 1.11) a NR 

CV death, MI, stroke or urgent 
revascularization due to unstable 
angina: secondary efficacy end point 

NR NR NR 0.95 (≤ 1.14) c 

Bold = statistically significant differences. 
a Hazard ratio (95% CI)  
b Odds ratio (95% CI)  
c Hazard ratio (the upper boundary of the one-sided repeated CI, at an alpha level of 0.01)  
d Relative risk reduction (95% CI) 
Abbreviations: CI = confidence interval; CV = cardiovascular; DPP-4(-i) = dipeptidyl peptidase-4 inhibitor; EM = existing medication; HF = 
heart failure; MI = myocardial infarction; NR = not reported; PBO = placebo; SU = sulfonylurea; TZD = thiazolidinedione. 

 
While in all trials the added medication provided better control over HbA1c, only sulfonylureas 
managed to reduce the level of combined microvascular and macrovascular outcomes. 
TZDs reduced macrovascular outcomes and there was an increased risk of hospitalisation 
due to heart failure with the combinations of TZD and DPP-4 inhibitors with existing 
medication. Due to the differences in included patients, trial design, background medication, 
outcome definitions and improvement in glycaemic control, caution is advised when using 
these results for decision making. 
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CONCLUSION 
 
Most clinical guidelines advocate an individualised approach to therapy and the HbA1c 
targets which should be achieved for optimal treatment of type 2 diabetes. The balance is 
between management of the disease and prevention of microvascular events, and severe 
hypoglycaemia. Generally, metformin is considered the first line of pharmacotherapy unless 
there are contraindications or patient intolerance. If either of these is present, sulfonylureas 
are usually considered the most appropriate alternative to metformin.  
 
The guidelines advise that if treatment with monotherapy does not result in optimal blood 
glucose levels dual therapy should be initiated. The recommended dual therapy combination 
is metformin with a sulfonylurea, unless contraindicated for the individual patient. If dual 
therapy is ineffective in controlling blood glucose, a third agent can be used to assist 
treatment. Insulin is most often considered the preferred option in combination with 
metformin and sulfonylurea. Other treatments can be used if the preferred option is not 
suitable for the patient due to contraindications or intolerances.  
 
The key findings for efficacy in triple therapy demonstrated that all combinations of 
medicines (except for metformin + TZD + DPP-4 inhibitor) in the network analysis provided a 
significantly better reduction in HbA1c when compared to metformin + sulfonylurea dual 
therapy. This improvement was clinically relevant when GLP-1 agonist or insulin was added 
to metformin + sulfonylurea (upper CI greater than the MCID of 0.30%). None of the triple 
therapy combinations demonstrated clinically relevant differences in HbA1c when compared 
with other triple therapies.  
 
Weight gain was a factor for most triple therapy regimens with only the GLP-1 receptor 
agonists + metformin + sulfonylurea combination showing a significant reduction in body 
weight compared to metformin + sulfonylurea. When used in combination with metformin + 
sulfonylurea, insulin had lower adverse events and higher hypoglycaemia events than GLP-1 
receptor agonists.  
 
The trials were not powered to assess adverse events and the results for these outcomes 
are of limited use. The number of participants was generally low and the event rates were 
also low. For this reason it is difficult to draw conclusions on the long-term effect that these 
therapies will have on the incidences of adverse events. Also definitions for hypoglycaemia, 
serious hypoglycaemia and adverse events were different between trials and it was not 
always clear which outcomes occurred but were not reported, or whether they did not occur 
in the trial period. 
 
The main limitations regarding this review of the comparative efficacy of type 2 diabetes 
medicines when used as triple therapy are: 

 Limited trial data are available with a duration of at least six months. 
 Many of the trials were underpowered to detect differences in adverse events. 
 There is heterogeneity between the trials with differences in patient characteristics, 

inclusion/exclusion criteria and duration. 
 There were differences between the trials for definitions in certain outcomes – 

serious adverse events, hypoglycaemia, and severe hypoglycaemia. 
 Performing a network analysis, which uses indirect comparison analyses, may 

introduce statistical uncertainty. 
 
Care is needed when choosing combination therapy as there is often an increased risk of 
adverse events associated with this type of therapy. Hypoglycaemia risk is increased in 
many cases when a medicine is added to either dual therapy or existing medication. Overall, 
the systematic literature review identified only limited evidence on the long-term safety and 
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efficacy of type 2 diabetes medicines, specifically for sulfonylureas, TZDs and DPP-4 
inhibitors.  
 
In addition to the mono, dual and triple therapy trials, some trials were identified that 
examined long-term effects for “real life” situations where an additional drug therapy was 
added to patients on concurrent existing diabetes medicines in patients at risk of heart 
disease. All these trials demonstrated that the addition of an extra drug (sulfonylurea, TZD or 
DPP-4 inhibitor) provided a statistically significant reduction in HbA1c compared to being on 
existing medication alone, with no difference in magnitude between the three therapeutic 
groups. Only sulfonylurea addition provided weight reduction, with TZD and DPP-4 inhibitors 
demonstrating weight gain. When added to existing medication, sulfonylurea, TZD and DPP-
4 inhibitors had increased odds ratios of hypoglycaemia when compared to existing 
medication in trials greater than 2 years duration.  
 
The addition of sulfonylurea to existing medication provided some reduction in the level of 
combined microvascular and macrovascular outcomes compared to existing medication 
alone. The other therapies that compared the addition of a drug to existing medication 
showed an increased risk of heart failure (TZD, not reported in DPP-4 inhibitors trials) and 
hospitalisation due to heart failure (TZD and DPP-4 inhibitors) and no difference in overall 
risk of cardiac mortality. It is important to note that the trials may not be comparable due to 
differences in included patients, trial design, background medication, outcome definitions 
and improvement in glycaemic control. 
 
Care when choosing a triple therapy combination is needed as there is often a risk of 
increased hypoglycaemia events associated with this regimen and there are very limited 
data surrounding the long-term effectiveness and safety of combined therapies. 
 
Overall, the systematic literature review identified only limited evidence on the long-term 
safety of type 2 diabetes medicines when used in triple therapy or add on therapy to existing 
medications, for sulfonylureas, TZDs and DPP-4 inhibitors. The systematic literature review 
did not identify long-term macrovascular or microvascular outcome data for acarbose, 
insulin, SGLT2 inhibitors and GLP-1 receptor agonists. This is of concern considering that 
these medicines are intended for long-term use. 
 
 

BACKGROUND 
 
In October 2012, the Department of Health announced a Post-Market Review of Products 
used in the Management of Diabetes (the Review). The review is being undertaken in three 
stages: 

1. Blood glucose test strips  
2. Insulin pumps  
3. Type 2 diabetes medicines.  

 
The Pharmaceutical Benefits Advisory Committee (PBAC) agreed to ten Terms of Reference 
for the Review. Terms of Reference 1 to 4 relate to Stage 3 of the Review on type 2 diabetes 
medicines: 
 

1. Describe the utilisation and patterns of treatment of Pharmaceutical Benefits Scheme 
(PBS) listed medicines for type 2 diabetes, and compare these with PBS restrictions. 

2. Consider if the utilisation of PBS listed medicines in current clinical practice 
represents expected cost effective use. 

3. Consolidate the clinical trial evidence used to support PBS listings of diabetes 
medicines listed since 2002. 
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4. Collate and evaluate any additional clinical studies or meta-analyses for medicines 
currently PBS listed for type 2 diabetes that the PBAC has not seen and that would 
inform their consideration. 

 
This report addresses Term of Reference 4. This involves collating and evaluating clinical 
studies or meta-analyses for medicines currently PBS listed for type 2 diabetes (or 
considered for listing to November 2013) and providing a brief review of relevant clinical 
treatment guidelines. 
 
The Reference Group advised on the focus for the approach taken. After an initial literature 
review and identification of the potentially relevant clinical trials, the Reference Group 
requested that the review focus on the clinical efficacy and safety of type 2 diabetes 
medications in triple therapy, as this is the area where the PBAC has seen only limited 
evidence and utilisation patterns suggest high use. Further, the trials which included the 
addition of therapy to existing medication were considered useful, as these were generally 
larger trials with longer follow-up, which may provide relevant long-term safety and efficacy 
information. For dual therapy, the Reference Group advised that only those comparisons not 
previously considered by the PBAC are of relevance for data extraction. For all other dual 
therapy and monotherapy trials, limited data was extracted and is presented in this report.  
 
The draft report includes: 
A. A review of clinical treatment guidelines with regard to pharmacotherapy algorithms, both 

nationally and internationally. 
B. A systematic literature review on the comparative efficacy and safety of medications for 

type 2 diabetes currently listed on the PBS or recommended for listing by the PBAC (up 
to November 2013). For this literature review, the following approach was taken to 
classify therapies based on concomitant use of medicines: 

1. Monotherapy:  
i. Limited information for trials comparing monotherapy treatments. 

2. Dual therapy: 
i. Limited information for trials which include dual therapy comparisons 

previously seen by the PBAC. 
ii. Full data extraction and analyses of efficacy and safety of those dual 

therapy trials which include dual combination therapy not currently listed 
on the PBS. 

3. Triple therapy: 
i. Full assessment of the comparative efficacy and safety (including meta-

analyses and network analyses) for trials which include triple therapy. 
4. Treatment added to existing medication: 

i. Full assessment of the comparative efficacy and safety for trials which 
include type 2 diabetes medication in addition to existing medication. 

 
Currently there are eight categories of diabetes medicines listed on the PBS; Table 7 
provides a summary of these categories and the medicines listed on the PBS (or considered 
for listing to November 2013). 
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Table 7: List of medicine name and medicine groups listed on the PBS and used for identifying systematic reviews 
and RCTs of diabetes medication in March 2014 
Medicine Group Medicine Names 
Biguanide Metformin (MET) 
Sulfonylureas (SU) Gliclazide (GLZ), Glimepiride (GMP), Glipizide (GLIP), Glibenclamide (GLIB) 
Thiazolidinedione (TZD) Pioglitazone (PIO), Rosiglitazone (ROS) 
Alpha-glucosidase inhibitors Acarbose (ACA) 

Dipeptidyl peptidase-4 (DPP-4) inhibitors 
Alogliptin (ALO), Sitagliptin (SIT), Saxagliptin (SAX), Linagliptin (LIN), 
Vildagliptin (VIL) 

Glucagon-like peptide-1 (GLP-1) receptor 
agonists or incretin mimetics 

Exenatide (EXN), Liraglutide (LIR)  

Insulins (INS) 
Aspart (Asp), Lispro mix 75/25 (Lis), Glulisine, Neutral, Detemir (Det), 
Glargine (Gla), Isophane 

Sodium glucose co-transporter 2 (SGLT2) 
inhibitors  

Canagliflozin (CAN), Dapagliflozin (DAP) 
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SECTION A: REVIEW CLINICAL TREATMENT ALGORITHMS FOR 
TYPE 2 DIABETES 
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The review of clinical treatment guidelines for pharmacotherapy for type 2 diabetes consists 
of two parts:  

A.1. Australian Guidelines; and  
A.2. International Guidelines. 

 

A.1 AUSTRALIAN GUIDELINES 
 

Two Australian guidelines are included in this review. The first is a guideline from the Royal 
Australian College of General Practitioners (RACGP) and Diabetes Australia,40 while the 
second is a draft guideline from the Australian Diabetes Society.41  
 
The National Health and Medical Research Council (NHMRC) published practice guidelines 
in 2009 42. This guideline is not included in this review. Many additional type 2 diabetes 
medications have entered the Australian market since the NHMRC guidelines were 
published and this guideline is no longer representative of current clinical practice.    
 
A.1.1 RACGP and Diabetes Australia40 
 
Figure 9 presents the treatment algorithm for pharmacotherapy for the management of type 
2 diabetes as considered by the RACGP and Diabetes Australia in the 19th edition of the 
‘General practice management of type 2 diabetes – 2014-15’ guideline.  The target for 
optimal management is to achieve a glycated haemoglobin (HbA1c) level of <7% 
(<53 mmol/mol) or individualised as agreed.  

 
Figure 9: Algorithm for lowering glucose in type 2 diabetes – RACGP and Diabetes Australia 2014.40 
 
The guideline is adapted from the Scottish Intercollegiate Guidelines Network, ‘Management 
of diabetes; a national clinical guideline: 2010’.43 The guideline states that additional advice 
and agents were added, while some advice was removed. 
 
The guideline suggests that a more holistic approach (i.e. addressing major cardiovascular 
risks) including standard and alternative approaches may be appropriate. The guideline 
states that many different algorithms suggest multiple ways of combining agents. The PBS 
should be consulted for any combination therapy as the restrictions and reimbursement 
arrangements may change. 
 
In summary, the first intervention is lifestyle modification. If lifestyle modification is not 
effective, metformin is the first choice medicine treatment unless contraindicated or not 
tolerated. Second and third line agents (added to existing metformin) may be necessary and 
should be chosen using an individualised approach, noting that agents work in different ways 
and are chosen to work synergistically.  
 
'''''''''''''''''''''''''''''' '''''''''''''''''' ''''''''''''''''''''''' 
 
 
'''''''''''''''' '''''' ''''''''''''''''''' ''''''' ''''''''''' ''''''''''''' '''''''''''''''' ''''''''''''''''''''''''' ''''''''''''''''''''' '''''''''''' ''''''' '''''''''''''''''''''''' 
''''''''''''''''''''' '''''''''''''''''''' 
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'''''''''''''' ''''''' ''''''''' ''''''''''''''''''''' '''''''''''' '''''''''''''''' ''''''''''''''''''''' '''''''''''''''''''' ''' '''''''''''''''''''' ''''''''''''''''' '''''''''''''' 

 
'''''''''''''''''' '''''''''''''''''''''' ''''''' ''''''''' '''''''''''''''''''''' '''''''''''''''''''' '''''''''''''''''''' ''''''' ''''''''' ''''''''''' '''''''''''''''' ''''''''''''''''' ''''''''''''''''''''' '''''''''''''''''''''''''''' ''''' ''''''''''''''' 
'''''''''''''''''''''' '''' '''''''''''''''''''' ''''''''''''''''''''''''''''' ''''''''''''''''''''''' '''''''''''''''''''''''' ''' '''''''''''''''''''''''''''' '''''''''''''''''''''''' '''''''''''''''''''' '''''''''''''''''''' ''''''''''''''' ''' '''''''''''''''''''' ''''''''''''''''''''''''''''' 
'''''''''''''''' '''' '''''''''''''''''' '''''''''''''''' '''''''''''''''''''''''''''''''''' '''' ''''''''''' ''' '''''''''''''''''''''''''''''''''''''''''' 

 
''''''''' ''''''''''' ''''''''''''''''''''''' '''''''''''' '''''''' ''''''''''''''''''''''''' '''''''''''''''''''''' '''''''''''''''' '''' '''''' '''''''''''''''''' '''''''''' ''''''' '''''''''''''''' 
''''''''''''''''''''' ''''''''''''''''''''''''' '''' ''''''''''' ''''''' ''''''''' '''''''' '''''''''''''' ''''' '''''''''''''''''''''''''''''' ''''' ''''''''''' '''' ''''''''''''''''''''' ''''' 
'''''''''''''''''''''''''''''''''''''''' ''''' '''''''' '''''''''''''''' ''''''''''''' ''''''''''''''' '''''' '''''''''''''''''''''''''''''''''''''' ''''''''''''''''''' ''''''''''''' '''''' ''''''''' 
'''''''''''''''''''' ''''' ''''''''''' '''' '''''''''''''''''''''' '''''''''''''''''''''' ''''''''''''''''''''''''' '''''''''''' ''''''''''''''' '''''''''''''''''''''''' '''' ''''''''''''''''''''''''''''''''' 
'''''''''''''''''' ''''''''' '''' '''''''' '''''''''''''''''''''' '''''''''' '''''''''''''''''''''''''''''''''' '''''''''' '''''''''''''''''''''''''''''' '''''''''' ''''''''''''''''''''''''''''''''''''''' 
'''''''''''''''' ''''''''''''''''''' '''''''''' ''''''''' ''''''''' ''''' '''''''''''''''''''''''''''''' ''''''''''''''''''''''''''''''' '''''''''''''''''''' '''''''''' '''''''''''''' '''''''''''''''''' 
'''''''''''''' '''''''''''''''''''''' '''''''' ''''''''' ''''' '''''''''''''''' ''''''''''''''''''''''''''''''''''' '''''''''''''''''''''' '''''''''''''''''''''''''''''''' '''''''''''''' '''''''''''' 
''''''''''''' ''''''''''''''''''' '''''''''''''' '''''''' '''''''''''''''''''''  
 
'''''''''' ''''''''' '''''''''''''''' ''''''''''''''''' '''''''''' ''''''''' '''''''''''''''''''''''' '''''' ''''''' '''''''''''' '''''''''''''''''''''' ''''''''''''''''''''' '''''''''''''' 
''''''''''''''''''''''''''''''''' ''''''''''''''''''''''''' '''''''' '''''''''' '''''''''''''''''''''' ''''''''' '''''''''''''''''''''''''''''' '''''''''''''''''''''' '''''''''''''''''''''''''''''' 
'''''''''''''''''' '''''''''''''''''''''' '''''' ''''''''''''''''  
 
''' '''''''''''''''''''''''' '''''''''''''''''''''' '''' '''''''''''''''''''' ''' ''''''''''''''''' ''''''''''''' ''''''''' ''''''' '''''''''''''' ''''' ''''''''''''''''''''''''''' ''' '''''''''''''''''''''' 
''''''''' '''''''' '''''''''''' ''''' ''' '''''''' ''''''''' '''''''''''''''' ''''''''''''''''''''''''' '''''''''''''''''' ''''''' '''''''''''''' ''''''''''''''''' '''''''''''''''''''''''''''''''''''' 
'''''''''' ''''''''''''' '''''''''''''''''''''''' '''' ''''' ''''''''' '''''''''''''''''''''''''''' ''''' '''''''''''''' ''''''''''''''''''' ''''' '''''''''''''''''''''''''''  
 
''''''''' ''''''''''' ''''''''' '''''''''''''''''' ''''''' '''''''''''''' ''''''''''''''''''''' ''''''''''''' '''''' ''''''''''' '''''''''''''''''' '''''''''' '''''''''''''''''''''''' ''' 
'''''''''''''''''''''''''''' '''' '''''''''''''''''' '''''''''''''''''''' '''''''''''''' ''''''''''''''''''' '''''''''''''''''' '''''' '''''''''''''''''  
 

A.2 INTERNATIONAL GUIDELINES 
 
The focus in this section is on international guidelines used in countries who have a similar 
health system to Australia, with specific consideration of reimbursement practices. A review 
is provided of guidelines from Canada, England and Wales, New Zealand and the United 
States of America. 
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A.2.1 Canada 
 
The Canadian guidelines are evidence based guidelines published by the Canadian Agency 
for Drugs and Technologies in Health (CADTH) in 2013.45 CADTH performed a systematic 
literature review and meta-analyses of type 2 diabetes medicines when used as second line 
therapy and as third line therapy. The clinical outcomes considered were HbA1c, body weight 
and hypoglycaemia, as it considered that the evidence was insufficient for any other clinical 
outcomes. Based on the available evidence, it considered the cost-effectiveness of the 
different medications to determine the clinical treatment algorithm.  
 
For first line treatment, CADTH recommends metformin monotherapy. For second line 
therapy it recommends that a sulfonylurea be added to metformin for most adults with type 2 
diabetes inadequately controlled on metformin alone. The reasons for this recommendation 
are:  

1. All of the medicine classes demonstrated similar improvements in HbA1c. 
Sulfonylureas were the most cost-effective treatment option, with an incremental 
cost-utility ratio of $8,445 per quality adjusted life year (QALY) gained compared with 
metformin alone.  

2. There are considerably more long-term safety data for sulfonylureas compared to 
medicines from the newer classes of antihyperglycaemic agents.  

  
For those patients who are not adequately controlled on metformin and a sulfonylurea 
CADTH recommends insulin NPH be added. The reasons for this recommendation are: 

1. Based on the results of a network meta-analysis of 24 RCTs in patients with type 2 
diabetes and inadequate glycaemic control on metformin and a sulfonylurea, 
statistically significant reductions in HbA1c of similar magnitude were found for all 
classes of anti-hyperglycaemic medicines added to existing therapy, with the 
exception of alpha-glucosidase inhibitors and meglitinides. The addition of insulin 
NPH to metformin + a sulfonylurea was associated with the most favourable cost-
effectiveness estimate.  

2. There are considerably more long-term safety data for the use of insulin NPH 
compared with medicines from the newer classes of antihyperglycaemic agents.  

 
The CADTH guidelines consider that if insulin is not a suitable third line option, DPP-4 
inhibitors may be added to metformin and sulfonylurea therapy. The reason to consider 
DPP-4 inhibitors was that this class was the second most cost-effective therapy for third line 
treatment after insulin.  
 
Note that cost-effectiveness in the Canadian system may not be transferable to the 
Australian system due to:  

1. Differences in pricing of the type 2 diabetes medicines.   
2. Different treatment practices for routine management and macro- and microvascular 

events which may result in different efficacy and costs.  
 
A.2.2 England and Wales  
 
The National Institute for Health and Care Excellence (NICE) has published a guideline on 
the treatment of type 2 diabetes, including new agents for blood glucose control.46 The most 
recent update of the guideline is from July 2011, with the initial publication in May 2009. The 
four classes of drugs considered in the guidelines are oral DPP-4 inhibitors (sitagliptin and 
vildagliptin), oral TZDs (pioglitazone and rosiglitazone), a GLP-1 receptor agonist 
(exenatide) and injectable long-acting insulin analogues (insulin detemir and insulin 
glargine). 
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The guideline is based on clinical and cost-effectiveness outcomes and reflects whether their 
use in the treatment of type 2 diabetes is a good use of National Health Service resources. 
The treatment targets for HbA1c are 6.5% (48 mmol/mol) for people on one glucose-lowering 
medicine and 7.5% (53 mmol/mol) for people on two or more oral glucose-lowering 
medicines or people needing insulin. The treatment algorithm is presented in Figure 11.  
 
Metformin is the preferred first line treatment, with sulfonylurea as an alternative if metformin 
is not tolerated, the patient is not overweight or a rapid therapeutic response is required due 
to hyperglycaemic symptoms. The preferred second line therapy is metformin with 
sulfonylurea. Alternative therapies to sulfonylurea are DPP-4 inhibitors or a 
thiazolidinedione.  
 
The preferred third line therapy is insulin with metformin and sulfonylurea. Alternative 
treatments may include metformin + sulfonylurea + DDP-4 inhibitor, TZD or GLP-1 receptor 
agonist.  
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Figure 11: Treatment algorithm for blood glucose lowering – NICE 2011. 

 
Source: Figure 1.2, p15 of the NICE guideline.46 
Abbreviations: BMI = body mass index; DPP-4 = dipeptidyl peptidase-4; HbA1c = glycated haemoglobin; NICE = National Institute for Health and Care Excellence 
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A.2.3 New Zealand 
 
The New Zealand ‘Guidance on the management of type 2 diabetes’ was published in 
2011.47 The guideline was published by the New Zealand Guidelines Group and has drawn 
on the guideline published by the Scottish Intercollegiate Guidelines Network (2010),43 which 
was assessed as being of appropriate quality and relevance to New Zealand. The 
recommended treatment targets in the guideline are: 

1. Should be appropriate for the individual patient; 
2. HbA1C of 50 - 55 mmol/mol or as individually agreed; 
3. Blood pressure target of < 130/80 mmHg; and  
4. Lipids targets: triglycerides < 1.7 mmol/L; total cholesterol < 4.0 mmol/L. 

 
The treatment management algorithm in the New Zealand guideline is presented in Figure 
12. 
 
Figure 12: Algorithm for the management of glycaemic control  –  New Zealand Guidelines Group 2011 (refer to 
page 14).47 
 
The guideline emphasises the value of using proven medication, such as metformin, 
sulfonylureas and insulin in the management of glycaemic control.  
 
A.2.4 United States of America 
 
This review summarises two American guidelines, from the American College of Physicians 
(2012) 48 and the American Diabetes Association (2014).49 
 
American College of Physicians 201248 
 
The American College of Physicians have published evidence based guidelines.48 The first 
line treatment when lifestyle modifications are not effective in improving hyperglycaemia is to 
add oral pharmacologic therapy. The recommended first line pharmacotherapy is metformin 
monotherapy.  
 
Patients with persistent hyperglycaemia should add a second agent to metformin. Within the 
guidelines it is stated that there is no preferred second line therapy, as there is no good 
evidence to support one therapy over another. It considers that generic sulfonylureas are the 
cheapest second line therapy; however, adverse effects are generally worse with 
combination therapies that include a sulfonylurea.  
 
Further, while the guideline addresses only oral pharmacological therapy, patients with 
persistent hyperglycaemia despite oral agents and lifestyle interventions may need insulin 
therapy. 
 
American Diabetes Association 201449 
 
The guidelines published by the American Diabetes Association are evidence based 
guidelines.49 The recommended target HbA1c is <7% (53 mmol/mol). Providers might 
reasonably suggest more stringent HbA1c goals (such as <6.5%, 48 mmol/mol) for selected 
individual patients. Less stringent goals (e.g. <8%, 64 mmol/mol) may be appropriate for 
patients with a history of severe hypoglycaemia, limited life expectancy, or other 
complications. Figure 13 presents the treatment algorithm by the American Diabetes 
Association.  
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Figure 13: Antihyperglycaemic therapy in type 2 diabetes – American Diabetes Association 2014.50 
 
The guidelines present the following recommendations: 

 Metformin, if not contraindicated and if tolerated, is the preferred initial 
pharmacological agent for type 2 diabetes.  

 In newly diagnosed type 2 diabetic patients with markedly symptomatic and/or 
elevated blood glucose levels or HbA1c, consider insulin therapy, with or without 
additional agents, from the outset.  

 If non-insulin monotherapy at maximum tolerated dose does not achieve or maintain 
the HbA1c target over 3 months, add a second oral agent, GLP-1 receptor agonist, or 
insulin.  

 A patient-centred approach should be used to guide choice of pharmacological 
agents. Considerations include efficacy, cost, potential side effects, effects on weight, 
comorbidities, hypoglycaemia risk, and patient preferences.  

 Due to the progressive nature of type 2 diabetes, insulin therapy is eventually 
indicated for many patients with type 2 diabetes.  

 

A.3 SUMMARY OF CLINICAL GUIDELINES 
 
In summary, most clinical guidelines (Australian and international) advocate an 
individualised approach in the HbA1c target which should be achieved for optimal treatment 
of type 2 diabetes. The balance is between the prevention of microvascular events and 
severe hypoglycaemia. Other considerations are cost, efficacy, potential side effects, effects 
on body weight, comorbidities, and patient preferences (e.g. oral or injectable medications).  
 
Monotherapy 
 
All clinical guidelines consider metformin the treatment of choice when starting medical 
treatment, unless contra-indicated or the patient is intolerant. The main arguments raised in 
the different guidelines are that there is long-term clinical experience with metformin and the 
cost of metformin around the world is low compared to other medications. 
 
Most guidelines consider sulfonylureas as the most appropriate alternative treatment. 
 
Dual therapy 
 
If treatment with monotherapy does not result in the optimal blood glucose level, dual 
therapy should be initiated. The preferred dual therapy combination in most guidelines is 
metformin with a sulfonylurea, unless contraindicated or if the patient is intolerant.  The main 
arguments for sulfonylurea as a second line treatment are long-term clinical experience, cost 
and the effectiveness in reducing HbA1c. 
 
Alternative treatments are other oral medications such as DPP-4 inhibitors and 
thiazolidinediones.  
 
Triple therapy 
 
If dual therapy is ineffective in optimal blood glucose level control, a third agent can be 
added to treatment, with insulin most often considered the preferred option in combination 
with metformin and a sulfonylurea. The evidence base and costs are important factors in the 
decision for the majority of the guidelines. 
 
Other treatments can be used if the preferred option is not suitable for the patient. 
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Impact of cost for recommendations 
 
Cost considerations in the form of medication cost has been included in the guidelines from 
RACGP and Diabetes Australia (PBS listed or not) and the American Diabetes Association. 
Canada and NICE consider the cost-effectiveness of the different types of diabetes 
medication in considering the treatment guidelines. A cost-effectiveness analysis considers 
all relevant health costs and efficacy, rather than just the medication cost. The applicability of 
the cost-effectiveness analyses in different jurisdictions would need further investigation, as 
the treatment practices and costs may not be transferable to the Australian setting. 
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B.1 METHODS FOR THE SYSTEMATIC LITERATURE REVIEW  
 
The systematic literature review was performed in four stages:  

1. Identifying the most relevant systematic literature reviews on the efficacy and safety 
of medications for glycaemic control.  

2. Update the literature search using the relevant systematic literature reviews as 
identified in step 1 as a starting point. 

3. Identify the relevant RCTs from steps 1 and 2. 
4. Update the literature search to include additional trials for triple therapy. 

 
 
B.1.1 Stage 1: Identifying systematic reviews  
 
Relevant reviews were identified using Ovid MEDLINE and The Cochrane Library Database 
on 5 March 2014. Each bibliographic database was systematically searched using search 
terms or derivatives for interventions listed on the PBS and used in the treatment of type 2 
diabetes (see Background section, Table 7 for details on the list of interventions). 
Attachment B.1.1 contains full details of the searches and terms used in each database. 
 
Data collection 
 
The searches were carried out by one staff member and the results extracted and imported 
into the bibliographical software Endnote X6 (Thomson Reuters). Endnote was used to 
automatically remove any duplicates from database searches by matching title and author. 
The dataset was then visually scanned and any duplicates not found by Endnote were 
identified and removed. Articles that did not meet the inclusion criteria or met the exclusion 
criteria, assessed firstly by their title, and secondly by their abstract, were removed.  
 
Inclusion and exclusion criteria 
 
The remaining articles were checked independently by two staff members and included in 
the final analysis if they met all of the following inclusion criteria: 

 systematic reviews 
 English language publications 
 patients with type 2 diabetes 
 reviews published since 2010 
 reviews that include any of the following outcomes: 

o change in body weight 
o frequency of hypoglycaemic events  
o macrovascular and cardiovascular outcomes:  

 coronary artery disease  
 peripheral arterial disease 
 stroke 

o microvascular outcomes: 
 retinopathy 
 nephropathy  
 neuropathy 

o all-cause mortality  
o frequency of urinary tract infections  
o pancreatic inflammation  
o frequency of other severe adverse events 
 

Articles that remained were excluded from the final analysis if they met any of the following 
exclusion criteria: 
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 publications that are not systematic reviews (literature reviews, primary studies, etc.) 
 reviews that have the wrong outcome measures (e.g. that only reported HbA1c 

outcomes) 
 reviews that only reported short term treatment outcomes (≤24 weeks). 

 
If two systematic reviews were published based on the same data, the most comprehensive 
version of the paper was included.  
 
In the event of disagreement regarding inclusion of a review, the review was read in full and 
resolved by consensus (two staff). If there was still uncertainty after this point, a third 
reviewer assessed the study independently and a decision was made by consensus or 
majority vote.  
 
Systematic reviews were identified for each medicine category based on the inclusion and 
exclusion criteria and an updated search was carried out to identify further RCTs to be 
included in the final models.  
 
The flow chart of the search is presented in Table 8. 
 
Table 8: Literature search for relevant systematic literature reviews 

Systematic lit review Publications 
Medline 247 
Cochrane 246 
All references  493 
Excluded after title/abstract 393 
Duplicates 98 
No relevant outcome measures 28 
Wrong Patient group 107 
Not a systematic review 52 
Wrong treatment 30 
Publication year prior to 2010 6 
Foreign language 5 
Included 100 
Combination of therapeutic groups 19 
alpha-glucose inhibitors 1 
DPP-4 inhibitors 17 
Incretin inhibitors 30 
Insulins 3 
Metformin 6 
SGLT2 inhibitors 7 
Sulfonylureas 9 
Thiazolidinediones 8 

DPP-4 = dipeptidyl peptidase-4; SGLT2 = sodium glucose co-transporter 2 

 
The reviews in the combination category (reviews including more than one therapeutic 
group) were assessed to identify the most relevant reviews to inform our systematic review. 
The review which was the most recent, included most therapeutic groups and outcomes was 
preferred. As shown in Table 9, Bennett 2011 was considered the most relevant systematic 
literature review. Bennett 2011 did not include sodium glucose co-transporter 2 (SGLT2) 
inhibitors or DPP-4 inhibitors.1 Therefore, for the SGLT2 inhibitors and DPP-4 inhibitors two 
further systematic reviews were included; Berhan 2013 (SGLT2 inhibitors),2 and Monami 
2010 (DPP-4 inhibitors).3 
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Table 9: Included systematic reviews identified in a search of treatments for type 2 diabetes on the 5th March 2014 
Publication (Author, year) Treatments included in the systematic review 
Bennet 20111 MET, SU, TZD, GLP-1 receptor agonists, acarbose (Insulin added to the searches from 

2002) 
Berhan 20132 SGLT2 inhibitors 
Monami 20103 DPP-4 inhibitors 

DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MET = metformin: SGLT2 = sodium glucose co-transporter 2; SU = 
sulfonylurea; TZD = thiazolidinedione  

 
The clinical trials from the systematic literature reviews were extracted for further 
consideration (see section B.1.3).  
 
B.1.2 Stage 2: Systematic literature review – update from identified reviews  
 
Systematic literature searches were carried out to update the three identified systematic 
reviews (Table 8). Relevant RCTs were identified using Ovid MEDLINE and The Cochrane 
Library Database on 11 March 2014. Each bibliographic database was systematically 
searched using different search terms for each search strategy. Table 7 identifies the list of 
interventions used in each of the searches and Attachment B.1.2 contains full details of each 
search and the terms used in each database. 
 
B.1.3 Stage 3: Identifying relevant RCTs 
 
The articles identified through Stage 1 (included in relevant systematic literature reviews) 
and 2 (updated searches) were checked independently by two staff members and included 
in the final analysis if they met all of the following inclusion criteria: 
 

 RCT 
 English language publication 
 patients with type 2 diabetes 
 all treatment arms ≥250 participants 
 duration of treatment ≥24 weeks 
 published after 2002 
 trials that include any of the following outcomes: 

o change in body weight 
o frequency of hypoglycaemic events  
o macrovascular and cardiovascular outcomes:  

 coronary artery disease  
 peripheral arterial disease 
 stroke 

o microvascular outcomes: 
 retinopathy 
 nephropathy  
 neuropathy 

o all-cause mortality  
o frequency of urinary tract infections  
o pancreatic inflammation  
o frequency of other severe adverse events 

 
We included as a criterion that the trial needed to have at least 250 participants in each 
treatment arm, as one of the main purposes of this literature review is to investigate the 
longer-term safety of treatment with type 2 diabetes medicines. As smaller trials are, in 
general, not powered to assess safety, we deemed this a relevant inclusion criterion. 
Secondly, a duration of at least 24 weeks was considered appropriate as shorter term trials 
will not inform long-term safety and efficacy. 
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If two papers were published based on the same data, the earliest version of the paper was 
included and the later one excluded, unless extra information was available in the more 
recent publication.  
 
In the event of disagreement regarding inclusion of a trial, the trial was read in full and 
resolved by consensus (two staff members). If there was still uncertainty after this point, a 
third reviewer assessed the study independently and a decision was made by consensus or 
majority vote.  
 
The flow chart of the literature review is presented in Table 10. 
 
Table 10: Flow chart for identifying relevant RCTs for the efficacy and safety of type 2 diabetes medicines 

RCTs from systematic reviews RCTs from updated search 
Bennett 2011 90 Bennett 2011 update 3,920 
Berhan 2013 17 Berhan 2013 update 57 
Monami 2010 21 Monami 2010 update 709 
From reference lists 2 From reference lists 3 
Total 130 Total 4,689 
Duplicates 5  1,880 
Total excluding duplicates 125  2,806 
    Foreign language   60 
Not RCT 2  449 
< 24 weeks 11  345 
Wrong comparator   151 
Wrong outcome measures 1  357 
Wrong patient group   305 
Wrong treatment 5  369 
< 250 patients per treatment arm 47  595 
Subtotal Excluded 66  2,631 
Full paper 59 Full paper 175 
Duplicates (with RCTs from systematic review)   15 
< 24 weeks 2  3 
Wrong outcome 3  19 
Wrong population   3 
Wrong publication 3  43 
Wrong treatment 1  5 
< 250 patients per treatment arm 24  43 
Subtotal Excluded 33  131 
Included 26 Included 44 
Included publications N = 70 
Included RCTs N = 56 

RCT = randomised controlled trial 

 
The systematic literature search identified 70 publications covering 56 RCTs.  

 13 trials informed comparisons between monotherapy 
 28 trials informed comparisons for dual therapy 
 2 trials informed comparisons for both the monotherapy and dual therapy 
 5 trials informed comparisons for triple therapy 
 8 trials informed comparisons for added treatment to existing medication. 

 
 
B.1.4 Stage 4: Identifying additional triple therapy trials 
 
The exclusion criterion ‘at least 250 patients in each trial arm’ may have excluded trials that 
the PBAC has not seen for triple therapy. Therefore, papers excluded due to trial size and 
patient number per treatment arm were re-assessed to identify those papers reporting trials 
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with at least 100 participants and at least one trial arm with triple therapy (see Table 10).  
 
Table 11: Triple therapy trials identified  
Triple therapy trials identified Publications 
From Step 3 (see Table 10)  

Included (from Table 9) 5 
Excluded title/abstract (< 250 patients per treatment arm) 642 
Excluded full paper  

< 250 patients per treatment arm 67 
Total papers considered for Step 4 710 

Excluded  688 
Not triple therapy  496 
N < 100 192 
No full publication available 1 

Included papers 22 (21 trials) 

 
Extending the literature search for triple therapy resulted in the identification of 21 trials with 
at least 100 patients which compared triple therapy with either dual therapy or another triple 
therapy.  
 
B.1.5 Data extraction 
 
Data was extracted from the included papers into a template in Excel. Extraction was 
performed by three different reviewers; one reviewer extracted the data and one reviewer 
checked the extracted data for consistency. Risk of bias assessments were performed by 
one reviewer, and verified by a second reviewer. Risk of bias for the included RCTs was 
assessed using the Cochrane Collaboration’s ‘Risk of bias’ tool (Version 5.1.0.).4 Where any 
disagreements arose between the first extraction or bias assessment and the second review, 
these were marked by the second reviewer and assessed by a third reviewer. 
 
B.1.6 Clinical outcomes included  
 
The following clinical outcomes are presented in this report: 

1. HbA1c 
2. change in body weight 
3. adverse events 
4. hypoglycaemia (all, serious and nocturnal) 
5. serious adverse events 
6. mortality 
7. cardiovascular events 
8. microvascular events 
9. urinary tract infections 
10. pancreatitis 

 
The PBAC has previously considered a difference of 0.3% or 0.4% in HbA1c to be clinically 
important (Vildagliptin, March 2010 Public Summary Document). Therefore, a difference of 
0.3% is considered the minimum clinically important difference (MCID) for the purpose of this 
report.  
 
For the other outcomes (body weight, adverse events, hypoglycaemia, serious adverse 
event, cardiac events) no MCID has been established. 
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B.1.7 Statistical analysis 
 
Excel was used to consolidate and standardise the outcome measures and measures of 
variability; standard deviations, standard errors and 95% confidence intervals were imputed 
where necessary.51 The data was then imported into STATA for meta-analysis and network 
meta-analysis. Where multiple trials were available head-to-head meta-analyses were 
performed using a random effects model. 
 
A multiple-treatments network analysis was undertaken to summarise the results of triple 
therapy for each of the outcomes where a network existed (HbA1c, body weight, serious 
adverse events, hypoglycaemia and serious hypoglycaemia) using the trial data in the 
clinical evidence base. The network analysis assumes that more than one treatment arm can 
come from an individual trial. The estimated overall treatment effects were calculated using 
the “network meta” and “mvmeta” commands in STATA using a random effects model. The 
STATA.do file for HbA1c is presented in Attachment B.1.7. Possible covariates (HbA1c, age 
and Body Mass Index (BMI)) were examined prior to carrying out the network analysis to 
ensure similarities in baseline characteristics. The measurements of treatment effect 
calculated were mean differences (and their 95% confidence intervals) for continuous data, 
and odds ratios (and their 95% confidence intervals) for dichotomous outcomes. 
 
No meta-analyses or network analyses were performed for the trials with monotherapy, dual 
therapy or existing medication. The reason for not performing these analyses was that no 
further analyses were required by the Reference Group for monotherapy and dual therapy. 
For existing medication, the included patients, trial design and reported outcomes were 
heterogeneous precluding further meta-analyses. 
 
 

B.2 RESULTS – MONOTHERAPY 
 
For monotherapy, advice from the Department of Health and the Reference Group indicated 
that a list of relevant trials would need to be provided outlining the outcomes measured and 
whether the PBAC has seen these trials in any submission. The information on trials 
previously seen by the PBAC was derived from the Terms of Reference 3 Report for the 
Diabetes Review. 
 
B.2.1 List of included trials - MONOTHERAPY 
 
Table 12 presents the list of included RCTs for monotherapy with treatments sorted by 
comparison. The table provides details on the duration of the trial, number of participants, 
treatments and outcomes reported.  
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Table 12: Included monotherapy trials, treatment comparisons and outcomes 
Monotherapy Treatment arm Outcomes Included in 

PBAC 
submission? 

Author, Year Trial duration N 1 2 3 4 HbA1c BW AE SAE Hypo-G Mor CVD MVD UTI Pan 

PBO vs. 
TZDs 

Chou, 2012 52 26 weeks 1,912 RIVO RIVO PIO PBO x x x x x x x 
 

x 
 

No 
DPP-4 inhibitors 

Pan, 2012 53 24 weeks 568 SAX PBO 
  

x x x x x x x 
 

x x No 
MET vs. 
SU 

Kahn, 2006 54 * 4 years 4,360 MET GLIB ROS 
 

x x x x x x x 
   

Yes 
Wright, 2006 55 6 years 5,102 MET SU Diet alone 

     
x 

     
No 

TZDs 
Kahn, 2006 54 * 4 years 4,360 MET ROS GLIB 

 
x x x x x x x 

   
Yes 

Schernthaner, 2004 56 52 weeks 1,199 MET PIO 
  

x x x 
  

x x 
   

No 
DPP-4 inhibitors 

Aschner, 2010 57 24 weeks 1,050 MET SIT 
  

x x x x x x 
  

x 
 

Yes 
Bosi, 2009 58 * 24 weeks 1,179 MET VIL MET + VIL 

 
x x x x x x x 

   
Yes 

Jadzinsky, 2009 59 
Pfutzner, 2011 60 

24 weeks 
76 weeks 

1,306 MET + SAX MET + SAX MET + PBO SAX + PBO 
x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

- 
x  

- 
x  

No 

Schweizer, 2007 61 52 weeks 780 MET VIL 
  

x x x x x 
     

No 
SU vs. 
TZDs 

Jain, 2006 62 56 weeks 502 GLIB PIO 
  

x x x x x x x 
   

No 
Kahn, 2006 54 * 4 years 4,360 GLIB ROS MET 

 
x x x x x x x 

   
Yes 

Tolman, 2009 63 3 years 2,097 GLIB PIO  
 

x 
 

x x x x x 
   

No 
DPP-4 inhibitors  

Foley, 2009 64 104 weeks 1,092 GLZ VIL 
  

x x x 
 

x 
     

No 
Alpha-glucosidase inhibitors vs. 
DPP-4 inhibitors 

Pan, 2008 65 24 weeks 661 ACA VIL 
  

x x x x x x 
    

No 
TZDs vs. 
TZDs 

Goldberg, 2005 66 24 weeks 802 PIO ROS 
  

x x x 
 

x 
     

Yes 
DPP-4 inhibitors 
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Monotherapy Treatment arm Outcomes Included in 
PBAC 

submission? 
Author, Year Trial duration N 1 2 3 4 HbA1c BW AE SAE Hypo-G Mor CVD MVD UTI Pan 

Rosenstock, 2007 67 
Rosenstock, 2009 68 

24 weeks 
2 years 

786 ROS VIL 
  

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x     

No 

DPP-4 inhibitors vs. 
DPP-4 inhibitors 

Bosi, 2009 58 * 24 weeks 1,179 VIL VIL + MET MET 
 

x x x x x x x 
   

Yes 
* Trial used for more than one comparison 
ACA = acarbose; AE = adverse event; BW = body weight; CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; GLIB = glibenclamide; GLZ = gliclazide; HbA1c = glycated haemoglobin; Hypo-G = 
hypoglycaemia; MET = metformin; Mor = mortality; MVD = microvascular disease; Pan = pancreatitis; PBAC = Pharmaceutical Benefits Advisory Committee; PBO = placebo; PIO = pioglitazone; RIVO = 
rivoglitazone; ROS = rosiglitazone; SAE = serious adverse event; SAX = saxagliptin; SIT = sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection; VIL = vildagliptin 
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Fifteen trials comparing monotherapy treatments were included from 17 publications. Two 
trials (Kahn 2006 and Bosi 2009) informed more than one comparison.54; 58 No further data 
analyses were performed for this review, as the Reference Group considered that the data 
for monotherapy has already been considered by the PBAC and would not provide different 
information. However, it should be noted that the majority of the trials have not been 
included in previous PBAC submissions (11/15 trials).  
 
No evidence was identified for monotherapy which included insulin, GLP-1 receptor agonists 
or SGLT2 inhibitors. 
 
Figure 14 presents the number of trials and medicine comparisons available for comparative 
efficacy and safety analysis when considering monotherapy. 
 
Figure 14: Number of trials available for comparative efficacy and safety – monotherapy 

 
ACA = acarbose; DPP-4-i = dipeptidyl peptidase-4 inhibitor; MET = metformin; PBO = placebo; SU = sulfonylurea; TZD = thiazolidinedione 
 
 

 
B.3 RESULTS – DUAL THERAPY 
 
B.3.1 List of included trials – DUAL THERAPY 
 
Table 13 presents the list of included dual therapy trials with the treatment comparisons and 
outcomes measured and whether the PBAC has seen this trial before in a submission.  
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Table 13: Included dual therapy trials, treatment comparisons and outcomes 
Dual therapy Treatment arm Outcomes Included in 

PBAC 
submission? 

Author, Year Trial duration  N 1 2 3 4 HbA1c BW AE SAE Hypo-G Mor CVD MVD UTI Pan 

MET vs. 
MET + TZDs 

Bailey, 2005 69 24 weeks 568 MET MET + ROS 
  

x x x x x x x 
   

Yes 
Borges, 2011 70 80 weeks 688 MET MET/ROS 

  
x x x x x x x 

   
No 

Stewart, 2006 71 32 weeks 526 MET MET + ROS 
  

x x x x x 
 

x 
   

No 
Weissman, 2005 72 24 weeks 766 MET MET + ROS 

  
x x x 

 
x x x  

  
Yes 

MET + DPP-4 inhibitors 
Bosi, 2009 58 * 24 weeks 1,179 MET VIL MET + VIL 

 
x x x x x x x 

   
Yes 

Charbonnel, 2006 73 24 weeks 701 MET + SIT MET + PBO 
  

x x x x x 
   

x 
 

Yes 
Filozof, 2010 74 24 weeks 914 MET MET + VIL 

  
x x x x x 

   
x 

 
Yes 

Goldstein, 2007 75 24 weeks 1,091 MET MET + SIT MET + SIT 
 

x x x x x x 
    

Yes 
Jadzinsky, 2009 59 * 
Pfutzner, 2011 60 * 

24 weeks 
76 weeks 

1,306 MET + SAX MET + SAX MET + PBO SAX + MET 
x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

 
  

- 
x  

No 

Olansky, 2011 76 44 weeks 1,250 MET MET/SIT 
  

x x x x x x 
    

No 
Yang, 2011 77 24 weeks 570 MET + PBO MET + SAX 

  
x x x x x x 

  
x x No 

DPP-4 inhibitors vs. 
DPP-4 inhibitors + MET 

Bosi, 2009 58 * 24 weeks 1,179 MET VIL MET + VIL 
 

x x x x x x x 
   

Yes 
TZDs vs. 
TZDs + DPP-4 inhibitors 

Yoon, 2011 5 24 weeks 520 PIO + SAX  PIO + PBO 
  

x x x x x x 
    

No 
DPP-4 inhibitors + MET 

Wainstein, 2012 78 32 weeks 521 PIO SIT/MET 
  

x x x x x x 
    

No 
MET + SU vs. 
SU + TZDs 

Hanefeld, 2004 79 
Seufert, 2008 80 

52 weeks 
2 years 

639 MET + SU PIO + SU 
  

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
    

No 

MET + TZDs 

Hamann, 2008 81 52 weeks 596 
MET +  

GLZ or GLIB 
MET + ROS  

 
x x x x x x x 

   
No 

Matthews, 2005 82  
Seufert, 2008 80 

52 weeks 
2 years 

630 MET + SU MET + PIO 
  

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
-     

Yes 

Home, 2009 83 5.5 years 4,447 MET + SU MET or SU 
  

x x x x x x x 
   

No  
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Dual therapy Treatment arm Outcomes Included in 
PBAC 

submission? 
Author, Year Trial duration  N 1 2 3 4 HbA1c BW AE SAE Hypo-G Mor CVD MVD UTI Pan 

Komajda, 2010 84 
Mahaffey, 2013 85 

+ ROS x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

MET + Sodium glucose co-transporter 2 inhibitors 
Nauck, 2011 86 52 weeks 814 MET + GLIP MET + DAP 

  
x x x x x x 

  
x 

 
Yes 

MET + DPP-4 inhibitors 
Arechavaleta, 2011 87 30 weeks 936 MET + GMP MET + SIT 

  
x x x x x x 

    
Yes 

Ferrannini, 2009 88 52 weeks 2,789 MET + GMP MET + VIL 
  

x x x x x x 
    

Yes 
Filozof, 2010 89 52 weeks 1,007 MET + GLZ MET + VIL 

  
x x x x x 

   
x 

 
Yes 

Gallwitz, 2012 90 2 years 1,552 MET + GMP MET + LIN 
  

x x x x x x x 
 

x x Yes 
Nauck, 2007 91 
Krobot, 2012 92 
Seck, 2010 93 

52 weeks 
52 weeks 
2 years 

1,172 MET + GLIP MET + SIT 
  

x 
- 
x 

x 
- 
x 

x 
- 
x 

x 
- 
x 

x 
x 
x 

x 
- 
x 

  

x 
- 
x 

 
Yes 

Goke, 2010 94 
Goke, 2013 95 

52 weeks 
104 weeks 

858 MET + GLIP MET + SAX 
  

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x    

x 
x 

No 

Matthews, 2010 96 2 years 3,118 MET + GMP MET + VIL 
  

x x x x x x 
    

No 
MET + GLP-1 receptor agonists 

Gallwitz, 2012 97 2-3 years 1,029 MET + GMP MET + EXN 
  

x x x x x x 
  

x x Yes 
MET + SGLT2 inhibitors  

Cefalu, 2013 98 52 weeks 1,450 MET + GMP MET + CAN MET + CAN 
 

x x x x x x 
  

x 
 

Yes 
MET + TZDs vs. 
MET + TZDs 

Perez, 2009 99 24 weeks 600 MET + PIO MET/PIO 
  

x x x x x x 
  

x 
 

No 
MET + DPP-4 inhibitors 

Bolli, 2007 100 
Bolli, 2009 101 

24 weeks 
52 weeks 

576 MET + PIO MET + VIL 
  

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x some 
   

No 

MET + INS vs. 
MET + DPP-4 inhibitors 

Aschner, 2012 102 24 weeks 515 MET + GLA MET + SIT 
  

x x x x x 
 

x 
   

No 
Notes: * Trial is also included for monotherapy comparisons. 
Row highlighted in grey was identified as a trial of interest for the PBAC.  
Abbreviations: AE = adverse event; BW = body weight; CAN = canagliflozin; CVD = cardiovascular disease; DAP = dapagliflozin; DPP-4 = dipeptidyl peptidase-4; EXN = exenatide; GLA = glargine; GLIB = 
glibenclamide; GLIP = glipizide; GLP-1 = glucagon-like peptide-1; GLZ = gliclazide; GMP = glimepiride; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; LIN = linagliptin; MET = metformin; 
Mor = mortality; MVD = microvascular disease; Pan = pancreatitis; PBAC = Pharmaceutical Benefits Advisory Committee; PBO = placebo; PIO = pioglitazone; ROS = rosiglitazone; SAE = serious adverse event; 
SAX = saxagliptin; SGLT2 = sodium glucose co-transporter 2; SIT = sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection; VIL = vildagliptin  
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From the literature review 30 trials were identified in 38 publications. Two of the trials 
included in the dual therapy comparisons also provided information for the monotherapy 
comparisons (three publications: Jadzinsky 2009, Pfutzner 2011, and Bosi 2009).58; 59; 60 The 
Reference Group considered that the data for one comparison was relevant for this review, 
as the PBAC has considered the other comparisons in the past. The relevant comparison 
was TZD vs. TZD + DPP-4 inhibitors (1 publication). Details of this trial are presented in the 
following section. The majority of the trials have not been included in previous PBAC 
submissions (16/30 trials).  
 
Figure 15 provides a schematic overview of the number of trials available for the various 
dual therapy comparisons. The red rectangle illustrates the comparison presented in this 
report. 
 
Figure 15: Number of trials available for comparative efficacy and safety – dual therapy 

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = metformin; SGLT2 
= sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = thiazolidinedione    
Red rectangle shows the comparison presented in this report, as this has not been considered by the PBAC in the past.  

 
B.3.2 Risk of bias – DUAL THERAPY 
 
Yoon 2011 was assessed for bias (see Attachment B.3.2).5 Yoon 2011 did not provide any 
information on the randomisation processes used resulting in an unclear risk of selection 
bias. The RCT was double-blinded (i.e. participants and investigators were blinded to 
interventions) which resulted in a low risk of performance and detection bias. However, 
differing levels of attrition across the treatment arms increased the risk of attrition bias to 
high. Yoon 2011 had low levels of reporting bias, reporting outcomes which matched those 
in the trial registers. Pharmaceutical sponsorship of the trial makes any additional risk of bias 
unclear. 
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B.3.3 Trial characteristics – DUAL THERAPY 
 
Participants in the Yoon 2011 trial were recruited between 2006 and 2008. Participants were 
multi-national and included adult patients that were medicine naïve with elevated HbA1c of 
≥8.0% and ≤12.0% (see Table 31 Attachment B.3.3).  
 
The eligibility criteria for the dual therapy trial are presented in Attachment B.3.3. Yoon 2011 
required patients to be treatment naïve, which may affect the generalisability of the trial to 
the Australian population, as patients are unlikely to be treatment naïve when entering a 
TZD + DPP-4 inhibitors treatment regimen.  
 
B.3.4 Baseline characteristics – DUAL THERAPY 
 
The key baseline characteristics of participants in Yoon 2011 are presented in Attachment 
B.2.4. There were no differences noted between the two treatment groups at baseline. 
 
B.3.5 Methods of analysis – DUAL THERAPY 
 
In Yoon 2011, the primary outcome was the change from baseline in HbA1c at week 24. 
Yoon 2011 statistically assessed efficacy in the modified intention-to-treat population, which 
consisted of patients who had received at least one dose of study medication, and used last 
observation carried forward to impute missing values. 
 
B.3.6 Results – DUAL THERAPY 
 
HbA1c 
 
In Yoon 2011, TZD + DPP-4 inhibitors provided greater reduction of HbA1c in comparison to 
TZD monotherapy after 24 weeks (see Table 14); with a mean difference (MD) of -0.9% 
(95% CI: -1.1% to -0.7%). This difference is clinically important, using a MCID of 0.3%. 
 
Body weight 
 
There was an increase in body weight across both arms of the trial. Participants in the TZD + 
DPP-4 inhibitors arm showed a statistical greater weight gain of 1.1 kg compared to TZD 
monotherapy (p=0.005) (see Table 14).   
 
Adverse events 
 
In Yoon 2011, the incidence of serious adverse events and hypoglycaemia were low and 
they were similar across groups (see Table 14).  
 
Table 14: Results of dual therapy: TZD vs TZD + DPP-4 inhibitors – Yoon 2011 
 PIO + SIT PIO + PBO MD / OR (95% CI) 
Trial duration 24 weeks  
n 261 259  
HbA1c*; % (SD) -2.4% (0.2) -1.5% (0.2) MD: -0.9% (-1.1, -0.7) 
BW*; kg 3.0 1.9 MD: 1.1 
Any Adverse Event 99 (37.9%) 107 (41.3%) OR: 1.2 (0.8, 1.6) 
Serious Adverse Event 8 (3.1%) 5 (1.9%) OR: 0.6 (0.2, 1.9) 
Hypoglycaemia 3 (1.1%) 2 (0.8%) OR: 0.7 (0.1, 4)  
Mortality 0 (0.0%) 0 (0.0%) - 
* Mean change from baseline  
BW = body weight; CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; HbA1c = glycated haemoglobin; MD = mean difference; OR = 
odds ratio; PBO = placebo; PIO = pioglitazone; SD = standard deviation; TZD = thiazolidinedione; Bold = statistically significant outcome 



Type 2 Diabetes review – ToR 4 

Centre for Applied Health Economics, Griffith University  43 
 

 
B.3.7 Discussion – DUAL THERAPY 
 
The included trial showed that adding a second treatment to monotherapy resulted in a 
clinically relevant reduction in HbA1c. No clear pattern in adverse events was observed. 
Therefore it could be argued that:  

 TZD + DDP-4 results in superior efficacy (HbA1c only) compared to TZD 
monotherapy 

 TZD + DDP-4 results in increased weight gain compared to TZD monotherapy 
 TZD + DDP-4 results in similar safety compared to TZD monotherapy. 

 
The trial had some limitations, including a short duration of 24 weeks, and a low number of 
specific adverse events. Further, the patients were treatment naïve which may not be 
applicable to the Australian practice. It is difficult to draw conclusions regarding the likely 
incidence of adverse events in long-term therapy. 
 
 

B.4 RESULTS – TRIPLE THERAPY 
 
B.4.1 List of included trials – TRIPLE THERAPY 
 
Table 15 presents the list of included triple therapy trials. The table presents per comparison; 
the trial duration, number of patients, the comparator, the reported outcomes and whether 
the trial has been included in the previous PBAC submissions. 
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Table 15: Included triple therapy trials, treatment comparisons and outcomes 
Triple therapy Treatment arm Outcomes Included in 

PBAC 
submission? 

Author, year Trial duration N 1 2 3 4 HbA1c BW AE SAE Hypo-G Mor CVD MVD UTI Pan 

MET + SU vs. 
MET + SU + DPP-4 inhibitors 

Hermansen, 20078 24 weeks 441 
MET + SU 

+ SIT 
MET + SU 

+ PBO 
SU + SIT SU + PBO x x x x x x     No 

Owens, 2011 9 24 weeks 1,058 
MET + SU  

+ LIN 
MET + SU 

+ PBO 
  x x x x x 

   
x 

 
Yes 

MET + SU + TZD  

Dailey, 2004 10 24 weeks 365 
MET + SU 

+ ROS 
MET + SU 

+ PBO 
  x x x  x      Yes 

MET + SU + GLP-1 receptor agonists 

Kendall, 2005 11 30 weeks 733 
MET + SU  

+ EXN 
MET + SU  

+ EXN 
MET + SU 

+ PBO 
 x x x x x x x x   Yes 

Russell-Jones, 2009 12 26 weeks 581 
MET + SU  
+ INS Gla 

MET + SU  
+ LIR 

MET + SU  
+ PBO 

 x x x x x     x Yes 

MET + SU + INS vs. 
MET + SU + INS 

Al-Shaikh, 2006 13 26 weeks 221 
MET + SU  
+ INS Gla 

MET + SU  
+ INS Mix 

  x x         No 

Esposito, 2008 15 36 weeks 116 
MET + SU  

+ INS 
MET + SU  

+ INS 
  x x x x x x     No 

Holman, 2007 16 1 year 708 
MET + SU  

+ INS Asp bid  
MET + SU  

+ INS Asp tid  
MET + SU + 
INS Det od  

 x x x  x x     No 

Janka, 2005 17 24 weeks 371 
MET + SU  
+ INS Gla 

MET + SU  
+ INS Mix 

  x x x  x      No 

Bergenstal, 2009 14 24 weeks 372 
MET + SU  

+ INS 
MET + SU  

+ INS 
MET + SU  

+ EXN 
 x x x x x x     No 

Strojek, 2009 18 26 weeks 480 
MET + SU  
+ INS Gla 

MET + SU  
+ INS Asp 

  x x x  x x     No 

Yang, 2013 19 24 weeks 521 
MET + GMP  
+ INS Asp 

MET + GMP  
+ INS Gla  

  x x x x x 
     

No 

MET + SU + GLP-1 receptor agonists 

Bergenstal, 2009 14 24 weeks 372 
MET + SU  

+ INS 
MET + SU  

+ INS 
MET + SU  

+ EXN 
 x x x x x x     No 

Heine, 2005 20 26 weeks 551 MET + SU  MET + SU    x x x  x      Yes 
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Triple therapy Treatment arm Outcomes Included in 
PBAC 

submission? 
Author, year Trial duration N 1 2 3 4 HbA1c BW AE SAE Hypo-G Mor CVD MVD UTI Pan 

+ INS + EXN 

Nauck, 2007 21 52 weeks 502 
MET + SU  

+ INS 
MET + SU  

+ EXN 
  x x x x x x x    No  

Russell-Jones, 2009 12 26 weeks 581 
MET + SU  
+ INS Gla 

MET + SU  
+ LIR 

MET + SU  
+ PBO 

 x x x x x     x Yes 

MET + SU + TZDs 

Rosenstock, 2006 22 24 weeks 217 
MET + SU  
+ INS Gla 

MET + SU  
+ ROS 

  x x x x x      Yes 

MET + SU + DPP-4 inhibitors vs. 
MET + SU + SGLT2 inhibitors 

Schernthaner 2013 23 52 weeks 755 
MET + SU 

+ SIT 
MET + SU 

+ CAN 
  x x x x x x   x  Yes 

MET + TZDs + DPP-4 inhibitors vs. 
MET + TZDs 

Bosi, 2011 24 52 weeks 803 
MET + PIO  

+ ALO  
MET + PIO   x x x x x x x 

 
x 

 
No 

DeFronzo, 2012 25 26 weeks 1,554 
MET + PIO  

+ ALO 
MET + PIO  

+ ALO 
MET + PIO  x  x x x x x  x  No 

MET + SU + TZDs  

DeRosa, 2013 6 3 years 476 
MET + PIO  

+ SIT 
MET + SU + 

PIO 
  x x         No 

MET + INS + DPP4 inhibitors vs. 
MET + INS + DPP-4 inhibitors 

Zinman, 2012 7 
(Rodbard, 2013 103) 

1 year 
2 years 

1,030 
MET + DPP-4 

+ INS Deg 
MET DPP-4 + 

+ INS Gla 
  

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x    

No 

MET + GLP-1 receptor agonists vs. 
MET + GLP-1 receptor agonists + INS 

DeVries, 201227 26 weeks 
323 

(498) 
MET + LIR  

MET + LIR  
+ INS 

(MET + LIR 
cohort) 

 x x x x      x No 

AE = adverse event; ALO = alogliptin; Asp = aspart; BW = body weight; CAN = canagliflozin; CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; Deg = degludec; Det = detemir; EXN = exenatide; Gla = 
glargine; GLP-1 = glucagon-like peptide-1; GMP = glimepiride; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; LIN = linagliptin; LIR = liraglutide; MET = metformin; Mor = mortality; MVD = 
microvascular disease; Pan = pancreatitis; PBAC = Pharmaceutical Benefits Advisory Committee; PBO = placebo; PIO = pioglitazone; ROS = rosiglitazone; SAE = serious adverse event; SGLT2 = sodium glucose 
co-transporter 2; SIT = sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection 
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The literature search identified 22 publications covering 21 trials with triple therapy. The 
inclusion criteria for triple therapy was broadened to include trials with at least 100 patients, 
as the PBAC has seen only limited efficacy and safety data for triple therapy. The majority of 
trials were of 24-26 weeks of duration (14/21 trials), with only two trials (DeRosa 2013 and 
Zinman 2012) with a duration longer than one year.6; 7 The majority of the trials (14/21 trials) 
have not been seen by the PBAC previously. The included trials and comparisons are 
presented in Table 16. 
 
Table 16: Comparisons included in trials with triple therapy 
Comparison Intervention 1 Intervention 2 Number of 

trials 
Trials N RoB 

1 MET + SU + DPP-4-i MET + SU 2 
Hermansen 2007 8 441 Low 
Owens 2011 9 1,055 Unclear 

2 MET + SU + TZD   MET + SU 1 Dailey 2004 10 365 Unclear 

3 MET + SU + GLP-1-RA MET + SU 2 * 
Kendall 2005 11 733 High 
Russell-Jones 2009 12 581 Low 

4 MET + SU + INS MET + SU + INS 7 # 

Al-Shaikh 2006 13 221 High 
Bergenstal 2009 14 372 Unclear 
Esposito 2008 15 116 Unclear 
Holman 2007 16 708 Unclear 
Janka 2005 17 371 Unclear 
Strojek 2009 18 469 Unclear 
Yang 2013 19 521 High 

5 MET + SU + GLP-1-RA MET + SU + INS 4 *# 

Russell-Jones 2009 12 581 Low 
Bergenstal 2009 14 372 Unclear 
Heine 2005 20 549 Unclear 
Nauck 2007 21 501 Unclear 

6 MET + SU + TZD MET + SU + INS 1 Rosenstock 2006 22 216 High 
7 MET + SU + DPP-4-i MET + SU + SGLT2-i 1 Schernthaner 2013 23 755 Low 

8 MET + TZD + DPP-4-i MET + TZD 2 
Bosi 201124 803 Low 
DeFronzo 2012 25 1,554 Unclear 

9 MET + TZD + DPP-4-i MET + SU + TZD 1 Derosa 2013 6 453 Low 
10 MET + INS + DPP-4-i MET + INS + DPP-4-i 1 Zinman 2012 7 1,030 Unclear 
11 MET + GLP-1-RA + INS MET + GLP-1-RA 1 DeVries 2012 27 323 Unclear 

* One trial included three treatment arms (MET + SU + GLP-1-RA, MET + SU and MET + SU + insulin) and provided information for 
comparison 3 and 5  
# One trial included three treatment arms (MET + SU + INS, MET + SU + INS and MET + SU + GLP-1-RA) and provided information for 
comparisons 4 and 5 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1; INS = insulin; MET = metformin; RoB = risk of bias; 
SGLT2-i = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = thiazolidinedione  

 
No evidence was identified for triple therapy which included acarbose. 
 
For the network analyses, trials comparing the same treatments, i.e. metformin + 
sulfonylurea + insulin vs. metformin + sulfonylurea + insulin and metformin + insulin + DPP-4 
inhibitor vs. metformin + insulin + DPP-4 inhibitor were excluded. The results of these trials 
are discussed in the results section. Additionally, one trial did not link to the network, as 
none of the treatment arms (i.e. metformin + GLP-1 receptor agonist + insulin vs. metformin 
+ GLP-1 receptor agonist) were included in any of the other trials.  
 
B.4.2 Risk of bias – TRIPLE THERAPY 
 
Twenty-one triple therapy trials were assessed for bias (see Attachment B.4.2). All stated 
that they were RCTs; however, nine trials did not provide information on how randomisation 
occurred, resulting in an unclear risk of selection bias in those trials. Nine of the trials were 
double-blind in which participants and personnel were blinded to treatment allocation, 
resulting in a low risk of performance and detection bias. The twelve open-label trials had a 
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high risk of performance and detection bias. In the majority of the trials, last observation 
carried forward was used to handle incomplete outcome data. A number of trials had 
differing levels of attrition between the treatment arms, increasing the risk of attrition bias. As 
seven trials did not provide a trial register number, these have an unclear risk of reporting 
bias. The paper by Al-Shaikh 2006 provided no information on trial design and could be 
subject to other biases.13 The majority of the trials were supported by pharmaceutical 
companies, making the risk of additional bias unclear. 
 
Overall, four trials were identified as having a high risk of bias,11; 13; 19; 22 twelve trials were 
identified as having an unclear risk of bias,7; 9; 10; 14; 15; 16; 17; 18; 20; 21; 25; 27 and five trials as 
having a low risk of bias.6; 8; 12; 23; 24   
 
B.4.3 Trial characteristics – TRIPLE THERAPY 
 
Overall, the key features of the triple therapy trials varied (see Attachment B.4.3), which may 
limit the comparability of these trials. When reported, the trials recruited patients between 
2002 and 2011 and most of the trials were performed in an international setting. The key 
features were that patients were adult patients with HbA1c of 7% (53 mmol/mol) or higher. 
The primary outcome of interest for each study was mean difference in HbA1c from the 
control group and the trials were powered to assess this outcome (Rosenstock 2006 and Al-
Shaikh 2006 did not provide a power calculation13; 22). 
 
Of the triple therapy trials, the eligibility criteria for the trials in the ‘MET + SU + INS versus 
MET + SU + GLP-1 receptor agonist’ and the ‘MET + TZD + DPP-4 inhibitor versus MET + 
TZD’ groups are most comparable (see Attachment B.4.3). Again, differences may lead to 
high levels of heterogeneity. 
 
Overall, duration of disease and previous treatments may affect trial outcomes, as insulin 
deficiency is progressive over time, requiring continued escalation of blood glucose lowering 
therapy (see Section A of this report). For example, the DeRosa 2013 and Rosenstock 2006 
trials of triple therapy in treatment naïve patients may result in better HbA1c than trials of 
triple therapy in patients who have been receiving dual therapy previously, due to milder 
levels of current disease. This may favour metformin + sulfonylurea + TZD treatment, as 
DeRosa 2013 and Rosenstock 2006 were the only two trials that informed this treatment 
arm. 
 
B.4.4 Baseline characteristics – TRIPLE THERAPY 
 
The baseline characteristics across the triple therapy trials varied and would be expected to 
result in heterogeneity when the network analyses are performed. Within the different 
therapeutic classes the baseline characteristics were also somewhat different. Attachment 
B.4.4 summarises the key baseline characteristics of the trial participants. 
 
In the ‘MET + SU versus MET + SU + DPP-4 inhibitors’ trials the populations in Owens 2011 
and Hermansen 2007 were quite different. Hermansen 2007 had a greater proportion of 
male participants, less Asians, and a population that was, on average, 10 kg heavier. 
 
The baseline characteristics of participants in the seven trials in the ‘MET + SU + INS versus 
MET + SU + INS’ subgroup were similar in terms of average age, duration of diabetes and 
HbA1c (approximately 8.5% in all trials, except Al-Shaikh 2006 in which it was 11.3%). The 
racial breakdown of the participants was not available for four trials, however where it was 
available, it differed greatly (Yang 2013 – 100% Asian; Holman 2007 – 95% white; and 
Strojek 2009 – 55% white). 
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The Bergenstal 2009, Nauck 2007 and Heine 2005 trials made up the ‘MET + SU + GLP-1 
receptor agonists versus MET + SU + INS’ subgroup. The baseline characteristics of the 
participants in Nauck 2007 and Heine 2005 are comparable, but quite different from those in 
Bergenstal 2009. 
 
The trials comparing ‘MET + TZD versus MET + TZD + DPP-4 inhibitors’, Bosi 2011 and 
DeFronzo 2012 included participants with similar baseline characteristics. 
 
B.4.5 Methods of analysis – TRIPLE THERAPY 
 
The primary efficacy outcome of all the triple therapy trials was change from baseline in 
HbA1c, which was assessed by: 

 seven trials at week 24 (Al-Shaikh 2006, Owens 2011, Hermansen 2007, Dailey 
2004, Yang 2013, Janka 2005, and Rosenstock 2006) 

 seven trials at week 26 (Russell-Jones 2009, Strojek 2009, Heine 2005, Bosi 2011, 
DeRosa 2013, DeFronzo 2012 and DeVries 2012) 

 one trial at week 30 (Kendall 2005) 
 one trial at week 36 (Esposito 2008) 
 four trials at 52 weeks (Holman 2007, Nauck 2007, Schernthaner 2013 and Zinman 

2012) 
 two trials at week 26 and week 52 (Bosi 2011 and DeRosa 2013). 

 
The majority of trials statistically analysed the modified intention-to-treat population, defined 
as patients who were treated with at least one dose of study medication and who had a 
baseline and at least one post baseline efficacy measurement. Last observation carried 
forward was generally used to impute missing values. Holman 2007 imputed missing data 
using the Bayesian Markov chain Monte Carlo multiple-imputation technique.16 Esposito 
2008 only analysed results for subjects who completed the trial.15 
 
Most of the outcomes were defined consistently in all included trials. The definition of 
hypoglycaemia, a secondary outcome in most of the trials, was variable, and the differing 
definitions are presented below in Table 17. For the network analysis major hypoglycaemia 
is also considered to be serious hypoglycaemia. 
 
Table 17: Definitions of hypoglycaemia in the triple therapy trials 
Trial Hypoglycaemia  Severe hypoglycaemia Nocturnal 

hypoglycaemia 
Bergenstal 2009 
Russell-Jones 
2009 
Strojek 200912; 

14; 18 

Plasma glucose of < 56 
mg/dL (3.1 mmol/L)  
 

Episodes requiring a third-party to actively 
administer medical assistance 
(carbohydrate, IV glucose or glucagon) 
(Major hypoglycaemia) 

 

Bosi 2011 
DeFronzo 
201224; 25  

Blood glucose of < 3.33 
mmol/L with symptoms, or < 
2.78 mmol/L regardless of 
symptoms. 

Blood glucose < 3.33 mmol/L and requiring 
assistance. 

 

Dailey 200410 Symptomatic episodes with 
an associated fingerstick 
blood glucose ≤ 50 mg/dL. 

  

Esposito 200815 Symptomatic or 
asymptomatic episode with a 
documented glucose level < 
75 mg/dL (4.0 mmol/L).  

Symptoms consistent with hypoglycaemia 
requiring the assistance of another person 
and that were associated with a glucose 
level < 56 mg/dL (3.12 mmol/L) or prompt 
recovery after oral carbohydrate, IV glucose 
or glucagon. 

Episodes occurring after 
the bedtime injection and 
before waking in the 
morning. 

Janka 200517 Blood glucose of < 60 mg/dL. Event with symptoms consistent with  
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Trial Hypoglycaemia  Severe hypoglycaemia Nocturnal 
hypoglycaemia 

hypoglycaemia during which the person 
required the assistance of another person 
and had a blood glucose level of < 36 
mg/dL and/or with recovery after oral 
carbohydrate, IV glucose or glucagon 
administration. 

Kendall 200511 Symptoms consistent with 
hypoglycaemia ± a 
documented plasma glucose 
concentration of < 3.33 
mmol/L. 

Episodes requiring the assistance of 
another person to obtain treatment for their 
hypoglycaemia, including IV glucose or IM 
glucagon. 

 

Nauck 200721 Any time a patient 
experienced a sign or 
symptom of hypoglycaemia 
or noted a blood glucose 
level < 60 mg/dL (3.4 
mmol/L). 

An episode in which the patient required 
assistance from another person and had a 
blood glucose < 50 mg/dL (2.8 mmol/L) or 
who recovered after an oral carbohydrate, 
glucagon injection or IV glucose. 

 

Owens 20119  Episodes requiring the assistance of 
another person to administer carbohydrate, 
glycagon or other resuscitative actions. 

 

Rosenstock 
200622 

Event with clinical symptoms 
consistent with 
hypoglycaemia, confirmed 
with a meter reading. 

Episode requiring assistance with either a 
plasma glucose level < 36 mg/dL (< 2.0 
mmol/L) or prompt recovery after oral 
carbohydrate, IV glucose or glucagon 
administration. 

Symptomatic 
hypoglycaemia occurring 
after the evening insulin 
injection and before getting 
up in the morning. 

Yang 201319 Episodes ± symptoms 
consistent with 
hypoglycaemia, and a 
plasma glucose < 3.1 mmol/L 
or whole blood glucose < 2.8 
mmol/L that was handled 
without assistance.  

 Episodes with a time of 
onset between midnight 
and 6:00 am. 

Zinman 20127 Blood glucose level < 3.1 
mmol/L. 

Episodes requiring assistance. Episodes occurring 
between midnight and 6:00 
am. 

IM = intramuscular; IV = intravenous 

 
B.4.6 Results – TRIPLE THERAPY 
 
The results from the individual trials are presented in Attachment B.4.5.  
 
HbA1c 
 
Figure 16 presents the available trial evidence for HbA1c and body weight outcomes at six 
months.  
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Figure 16: Network analysis of trial evidence available for HbA1c and body weight – triple therapy 

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; HbA1c = glycated haemoglobin; INS = 
insulin; MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione; SGLT2-i = sodium glucose co-transporter 2 inhibitor 

 
Thirteen RCTs were identified for inclusion in the network analysis for HbA1c (N = 7,992).6; 8; 

9; 10; 11; 12; 14; 20; 21; 22; 23; 24; 25 The following comparisons were excluded from the network 
analyses: comparisons of the same triple therapy with itself, and the metformin + GLP-1 
receptor agonist + insulin with metformin + GLP-1 receptor agonist trial, as this trial did not 
have an arm similar to any of the other trials.  
 

Network analyses 
All classes of medicines included in the network analysis provided a significantly better 
reduction in HbA1c (using the continuous variable; mean difference) when used in 
combination with metformin + sulfonylurea compared to metformin + sulfonylurea dual 
therapy, except for metformin + TZD + DPP-4 inhibitor triple therapy (Figure 17, Figure 18 
and Figure 42). Metformin + sulfonylurea + SGLT2 inhibitor produced the largest effect 
compared to metformin + sulfonylurea dual therapy (MD: -1.11%; 95% CI: -2.2% to -0.02%). 
Using a MCID of 0.3%, metformin + sulfonylurea + GLP-1 receptor agonist and metformin + 
sulfonylurea + insulin resulted in clinically relevant improvements in HbA1c, i.e. the upper 
95% confidence limit is lower than -0.3%. 
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Figure 17: Forest plot of mean difference, % (95% CI), in HbA1c at six months for different medicine combinations 
compared to metformin + sulfonylurea dual therapy – network diagram of continuous variable 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1 = glucagon-like peptide-1 receptor agonist; HbA1c = glycated 
haemoglobin; INS = insulin; MET = metformin; SGLT2-i = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = 
thiazolidinedione 

 
The network analysis comparing triple therapies demonstrated that most therapies are 
equivalent when compared to each other (Figure 18 and network diagram Figure 42). 
Metformin + TZD + DPP-4 inhibiter triple therapy was highlighted as being statistically 
inferior with regards to HbA1c when compared with metformin + sulfonylurea + GLP-1 
receptor agonist triple therapy (MD: -0.5%; 95% CI: -0.96% to -0.04%), however this 
difference may not be clinically relevant, as the lower confidence interval is less than 0.3%. 
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Figure 18: Forest plot of mean difference, % (95% CI), in HbA1c for different triple medicine combinations compared 
to each other - network diagram of continuous variable 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; HbA1c = 
glycated haemoglobin; INS = insulin; MET = metformin; SGLT2 = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = 
thiazolidinedione 

 

Medicine combinations not included in the network 
The addition of insulin to metformin and GLP-1 receptor agonist provided a significant 
reduction of HbA1c compared to metformin and GLP-1 receptor agonist dual therapy (-
0.52%; 95% CI: -0.68% to -0.36%),27 which can be considered clinically relevant, using 0.3% 
as the MCID.  
 
Seven trials were identified that added different insulin regimens to metformin and 
sulfonylurea,13; 14; 15; 16; 17; 18; 19 and one trial to metformin and DPP-4 inhibitor.7; 103 All trials 
demonstrated non-inferiority of the tested insulin regimens when compared to each other 
(see Table 36, Attachment B.4.6).  
 
 
Body weight 

Network analyses 
Twelve RCTs were identified for inclusion in the network analysis for body weight change 
(N = 7,189) (Figure 16).6; 8; 9; 10; 11; 12; 14; 20; 21; 22; 23; 25 SGLT2 inhibitors and GLP-1 receptor 
agonists (when added to metformin + sulfonylurea) showed a significant reduction in body 
weight (using the continuous variable; mean difference) compared to metformin and 
sulfonylurea dual therapy (MD: -2.4; 95% CI: -4.1 to -0.6 and MD:  -1.5 kg; 95% CI: -2.4 to -
0.6 kg) (Figure 19, Figure 20 and Figure 43).  
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In combination with metformin + sulfonylurea TZD (MD: 3.5 kg; 95% CI: 2.3 to 4.6 kg) and 
insulin (MD: 2.5 kg; 95% CI: 1.5 to 3.4 kg) showed a significant increase in body weight 
when compared to metformin + sulfonylurea dual therapy.  
 
Figure 19: Forest plot of mean difference, kg (95% CI), in change in body weight at six months for different 
medicine combinations compared to metformin + sulfonylurea dual therapy – network diagram of continuous 
variable 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1 = glucagon-like peptide-1 receptor agonist; INS = insulin; MET 
= metformin; SGLT2 = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = thiazolidinedione 

 
The network analysis comparing triple therapies demonstrated that most therapies are non-
inferior when compared to each other with respect to body weight changes (Figure 20 and 
Figure 43).   
 
In combination with metformin + sulfonylurea, SGLT2 inhibitors were superior in terms of 
body weight change to TZDs (-4.5 kg; 95% CI: -7.0, -2.0), insulin (-4.2 kg; 95% CI: -6.4, -
2.1), and DPP-4 inhibitors (-3 kg; 95% CI: -4.5, -1.5).  
 
In combination with metformin + sulfonylurea, GLP-1 receptor agonists were superior in 
terms of body weight change to TZDs (-4.7 kg; 95% CI: -5.8, -3.5), insulin (-3.9 kg; 95% CI: -
4.6, -3.2), and DPP-4 inhibitors (-1.8 kg; 95% CI: -3.2, -0.5).  
 
In combination with metformin + sulfonylurea, DPP-4 inhibitors were not different in terms of 
body weight change when compared to insulins (-1.3 kg, 95% CI: -2.8, 0.2) and TZDs (-1.6. 
kg; 95% CI: -3.4, 0.2), and when combined with metformin + TZD (0.78 kg; 95% CI: -1.1, 
2.7). 
 
In combination with metformin+ TZD, DPP-4 inhibitors were superior to sulfonylureas 
(-3.1 kg; 95% CI: -5.0, -1.1). 
 
The common triple therapy combination of metformin + sulfonylurea + insulin was superior in 
weight change to metformin + sulfonylurea + TZD (-1.3 kg; 95% CI: -2.5 to -0.0), and was 
inferior in weight change to metformin + TZD + DPP-4 inhibitor (2.2 kg; 95% CI: 0.2 to 4.2).  
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Figure 20: Forest plot of mean difference, kg (95% CI),  in body weight change at six months for different triple 
medicine combinations compared to each other – network diagram of continuous variable 

 
CI = confidence interval; DPP-4(-i) = dipeptidyl peptidase-4 inhibitor; GLP-1 = glucagon-like peptide-1 receptor agonist; INS = insulin; MET 
= metformin; SGLT2 = sodium glucose co-transporter 2 inhibitor; SU = sulfonylurea; TZD = thiazolidinedione 

 

Medicine combinations not included in the network 
The addition of insulin to metformin and GLP-1 receptor agonist had significantly reduced 
effect on body weight change compared to metformin and GLP-1 receptor agonist dual 
therapy (MD to comparator: 0.79 kg; 95% CI: 0.08 to 1.49), however it provided a mild 
reduction in overall weight of 0.16 kg.27 
 
As with HbA1c, seven trials were identified that added different insulin regimens to metformin 
and sulfonylurea,13; 14; 15; 16; 17; 18; 19 and one trial to metformin and DPP-4 inhibitor.7; 103 All 
trials demonstrated non-inferiority of the tested insulin regimens when compared to each 
other (see Table 36 Attachment B.4.6). 
 
Adverse events 
 
No network existed for analysis of adverse events. Figure 21 summarises the comparisons 
of adverse events in the triple therapy trials. Table 18 summarises the odds ratio of adverse 
events between different triple therapy combinations from direct trials. 
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Figure 21: Trial evidence available for adverse events – triple therapy 

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = metformin; SU = 
sulfonylurea; TZD = thiazolidinedione; SGLT2-I = sodium glucose co-transporter 2 inhibitor 

 
Table 18: Comparison of adverse events between different triple therapy combinations 
 
Intervention Comparator Trials OR (95% CI) I2 
Triple therapy vs. dual therapy a 

MET + SU + DPP-4 inhibitors MET + SU 
Owens, 20119 
Hermansen, 20078 

1.12 (0.92, 1.37) 
* 

0% 

MET + TZD + DPP-4 inhibitors MET + TZD DeFronzo, 201225 0.92 (0.81, 1.05) N/A 
MET + TZD + DPP-4 inhibitors MET + TZD Bosi, 201124 1.13 (0.97, 1.32) N/A 

MET + GLP-1 receptor agonists + INS 
MET + GLP-1 receptor 
agonists 

DeVries, 201227 1.50 (1.19, 1.90) N/A 

Triple therapy vs triple therapy b 
MET + SU + GLP-1 receptor agonists MET + SU + INS Nauck, 200721 2.46 (1.70, 3.55) N/A 
MET + SU + SGLT2  inhibitors MET + SU + DPP-4 inhibitors Schernthaner 201323 0.99 (0.70, 1.39) N/A 
* Based on meta-analysis of two trials a trial duration ≤ 30 weeks b trial duration of one year 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; INS = insulin; MET = metformin; N/A = not 
applicable; OR = odds ratio; SU = sulfonylurea; TZD = thiazolidinedione; SGLT2-I = sodium glucose co-transporter 2 inhibitor; 
Bold = statistically significant outcome 

 
While adverse events were presented in most trials the total number of participants that 
experienced an adverse event was only presented in seven trials that compared different 
treatment groups. No network existed for analysis of adverse events. Two triple therapy vs 
triple therapy comparison trial were one year in duration. 21; 23; 28 Three trials compared two 
different triple therapy regimens over one year in duration,21; 23; 24 the remaining trials were 
less than or equal to 30 weeks in duration. Three other publications presented adverse event 
data for trials of a duration over one year,7; 16; 26 but these were for trials that compared 
medicines of the same treatment groups (i.e. comparison of the same three triple therapy 
medicine groups in both treatment arms). 
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Few differences were noted in the direct trials (Table 18). When used in combination with 
metformin and sulfonylurea, GLP-1 receptor agonist had significantly more adverse events 
than insulin (OR: 2.46; 95% CI:1.7 to 3.55).21  Insulin treatment resulted in significantly 
higher adverse events when used with metformin + GLP-1 receptor agonist compared to 
metformin + GLP-1 receptor agonist dual therapy (OR: 1.50; 95% CI: 1.19 to 1.90) 27Meta-
analysis of DPP-4 inhibitors added to metformin + sulfonylurea showed no significant 
difference in adverse events over 24 weeks (OR: 1.12; 95% CI: 0.92 to 1.37). No difference 
was noted in two trials that compared metformin + TZD + DPP-4 inhibitor triple therapy 
compared to metformin + DPP-4 inhibitor dual therapy, 24; 25 and no difference was noted in a 
trial that compared metformin + sulfonylurea + SGLT2 inhibitor and metformin + sulfonylurea 
+ DPP-4 inhibitor.23  
 
Hypoglycaemia 
 
Figure 22 summarises the comparisons of hypoglycaemia in the triple therapy trials.  
 
Figure 22: Trial evidence available for hypoglycaemia – triple therapy 

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = metformin; SU = 
sulfonylurea; TZD = thiazolidinedione; SGLT2-I = sodium glucose co-transporter 2 inhibitor 
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Network analyses 
Seven RCTs were identified for inclusion in the network analysis for hypoglycaemia at six 
months (N = 3763).8; 9; 10; 11; 12; 14; 22 Metformin + sulfonylurea + TZD and metformin + 
sulfonylurea + insulin had increased odd ratio of hypoglycaemia when compared to 
metformin + sulfonylurea (Figure 23 and Figure 44). Metformin + sulfonylurea + GLP-1 
receptor agonist had reduced odds ratio for hypoglycaemia compared to metformin + 
sulfonylurea + insulin (Figure 24 and Figure 44). 
 
Figure 23: Forest plot of hypoglycaemia events at six months, odds ratio (95% CI), for different triple medicine 
combinations compared to metformin + sulfonylurea – network analysis of dichotomous variable 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; 
MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione 

 
Figure 24: Forest plot of hypoglycaemia events at six months, odds ratio (95% CI), for different triple medicine 
combinations compared to each other – network analysis of dichotomous variable 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; 
MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione 
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Medicine combinations not included in the network 
Six trials were identified that added different insulin regimens to metformin and sulfonylurea 
14; 15; 16; 17; 18; 19 and one trial to metformin and DPP-4 inhibitor 7; 103, all trials demonstrated 
non-inferiority of the tested insulin regimens when compared to each other. There was an 
increased risk of hypoglycaemia when insulin was used in combination with metformin and a 
GLP-1 receptor agonist when compared to metformin and a GLP-1 receptor agonist dual 
therapy (OR: 7.45, 95% CI: 1.68, 33.15)27 and no difference when metformin + sulfonylurea 
+ SGLT2 inhibitor was compared to metformin + sulfonylurea + DPP-4 inhibitor over one 
year (OR: 1.06, 95% CI: 0.8, 1.42).23  
 
 
Serious hypoglycaemia and serious adverse events  
 
Figure 25 and Figure 26 summarises the comparisons of serious hypoglycaemia and serious 
adverse events in the triple therapy trials.  
 
Figure 25: Trial evidence available for severe hypoglycaemia – triple therapy  

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = metformin; SU = 
sulfonylurea; TZD = thiazolidinedione; SGLT2-I = sodium glucose co-transporter 2 inhibitor 
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Figure 26: Trial evidence available for serious adverse events – triple therapy 

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = metformin; SU = 
sulfonylurea; TZD = thiazolidinedione; SGLT2-I = sodium glucose co-transporter 2 inhibitor 

 
Due to the low event rates, small size of the RCTs and the differences in definitions for 
serious hypoglycaemia and serious adverse events, there were no statistically significant 
differences found in any arms of the triple therapy network or the individual trials for these 
outcomes (Figure 27 to Figure 28). While network analysis was performed the results are of 
limited value due to these limitations (Figure 45 and Figure 46).  
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Figure 27: Forest plot of serious hypoglycaemia events at six months, odds ratio (95% CI), for different triple 
medicine combinations compared to metformin + sulfonylurea – network analysis of dichotomous variable 

 
CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; 
MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione 
 
Figure 28: Forest plot of serious adverse events at six months, odds ratio (95% CI), for different triple medicine 
combinations compared metformin + sulfonylurea – network analysis of dichotomous variable 

CI = confidence interval; DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; 
MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione 
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Mortality, cardiovascular events and microvascular events 
 
Reporting of mortality varied throughout the trials and it was difficult to ascertain if mortality 
was not reported or did not occur. For those trials that did report mortality, event rates were 
too low to provide meaningful analysis. Cardiovascular and microvascular disease had 
similar issues, very few trials reported cardiovascular outcomes, and those that did had low 
event rates with variable reporting of the outcomes. The trials that reported mortality and 
cardiovascular disease are presented in Attachment B.4.6 Table 36. 
 
Figure 29: Trial evidence available for mortality – triple therapy 

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = metformin; SU = 
sulfonylurea; TZD = thiazolidinedione 
 
Figure 30: Trial evidence available for cardiovascular events – triple therapy 

 
INS = insulin; MET = metformin; SU = sulfonylurea 
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Figure 31: Trial evidence available for myocardial infarction – triple therapy 

 
 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; INS = insulin; MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione 

 
Figure 32: Trial evidence available for cardiac mortality – triple therapy 

 
 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; INS = insulin; MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione; GLP-1-RA = 
glucagon-like peptide-1 receptor agonist. 

 
 
Urinary tract infection and pancreatitis 
 
Reporting of urinary tract infections and pancreatitis varied throughout the trials. It was 
difficult to ascertain if these events occurred and were not reported or did not occur. For 
those trials that did report either urinary tract infections or pancreatitis event rates were low 
and no network existed to provide meaningful analyses. The trials that reported urinary tract 
infections and pancreatitis are presented in Attachment B.4.6 Table 36. 
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Figure 33: Trial evidence available for urinary tract infection – triple therapy 

 
DPP-4-i = dipeptidyl peptidase-4 inhibitor; INS = insulin; MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione; GLP-1-RA = 
glucagon-like peptide-1 receptor agonist; SGLT2-I = sodium glucose co-transporter 2 inhibitor. 
 
Figure 34: Trial evidence available for pancreatitis – triple therapy 

 
GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = metformin; SU = sulfonylurea 
 
 

 
B.4.7 Discussion – TRIPLE THERAPY 
 
The key findings for efficacy showed that all combinations of medicines (except for 
metformin + TZD + DPP-4 inhibitor) in the network analysis provided a significantly better 
reduction in HbA1c when compared to metformin + sulfonylurea dual therapy. This 
improvement was clinically relevant when GLP-1 agonist or insulin was added to metformin 
+ sulfonylurea (upper CI greater than the MCID of 0.30%). Average reductions in HbA1c 
ranged from around 0.7% to 1.1%, with metformin + sulfonylurea + SGLT2 inhibitor 
producing the largest reduction in HbA1c compared to metformin + sulfonylurea dual therapy. 
None of the triple therapy combinations demonstrated clinically relevant differences in HbA1c 
when compared with other triple therapies. 
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SGLT2 inhibitors and GLP-1 receptor agonists + metformin + sulfonylurea combination 
showed a significant reduction in body weight compared to metformin + sulfonylurea (MD: -
2.4; 95% CI: -4.1, -0.6 for SGLT2 inhibitor and MD: -1.5 kg; 95% CI: -2.4, -0.6 for GLP-1 
receptor agonist). The addition of TZD and insulin to metformin + sulfonylurea showed a 
significant increase in body weight compared to metformin + sulfonylurea (TZD: 3.5 kg; 95% 
CI: 2.3 to 4.6 kg, insulin: 2.5 kg; 95% CI: 1.5 to 3.4 kg). All other combinations were similar in 
weight changes. 
 
Adverse events were difficult to compare in the network as the trials were generally of short 
duration and the event rates were too low to provide meaningful analysis. With that in mind 
the key findings were: 

 Insulin + metformin + sulfonylurea, had significantly lower adverse events than GLP-
1 receptor agonist + metformin + sulfonylurea. 

 Metformin + sulfonylurea + TZD and metformin + sulfonylurea + insulin had 
increased hypoglycaemia when compared to metformin + sulfonylurea. 

 Metformin + sulfonylurea + insulin had an increased odds of hypoglycaemia 
compared to metformin + sulfonylurea + GLP-1 receptor agonist. 

 There were no statistically significant differences in severe hypoglycaemia, mortality, 
cardiovascular events, urinary tract infections or pancreatitis in any of the trials that 
reported these outcomes. 

 
There were some limitations to the analysis of these trials and these should be taken into 
consideration when assessing the outcomes of the network analyses. The majority of trials 
were not powered to assess any outcomes except HbA1c and had a short duration of 24 
weeks and the network analyses were done for this time point. The number of participants 
was generally low and the event rates were also low. For this reason it is difficult to draw 
conclusions on the long-term effect that these therapies will have on the incidences of 
adverse events. Also definitions for hypoglycaemia, serious hypoglycaemia and adverse 
events were different between trials and it was not always clear which outcomes occurred 
but were not reported, or whether they did not occur in the trial period. 
 
 
 

B.5 RESULTS – THERAPY ADDED TO EXISTING MEDICATION 
 
B.5.1 List of included trials – EXISITING MEDICATION 
 
Table 19 presents the trials identified in the literature review which compared type 2 diabetes 
medication added to existing medication. The table also includes the trial duration, number 
of patients, treatment arms, outcomes reported and whether the PBAC has seen the trial 
before in its considerations. 
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Table 19: Included trials which add treatment to existing medication, treatment comparisons and outcomes 
Existing medication Treatment arm Outcomes Included in 

PBAC 
submission? 

Author, year Trial duration N 1 2 HbA1c BW AE SAE Hypo-G Mor CVD MVD UTI Pan 

EM vs. 
EM + SU 

ADVANCE 2008 28 
(Zoungas  2010 29) 

5 years 11,140 EM EM + GLZ 
x 
x 

x 
x   

x 
x 

x 
x 

x 
x 

x 
x   

No 

EM + TZDs  
Dormandy 2005 30 
(Doehner 2012 31) 
(Erdmann 2010 32) 

34.5 months 5,238 EM + PIO EM + PBO 
x 
- 
- 

x 
x 
- 

 

x 
- 
- 

 

x 
x 
x 

x 
x 
x 

   
Yes 

EM + DPP-4 inhibitors 
Scirica 2013 33 2.1 years 16,492 EM + SAX EM + PBO x    x x x   x Yes 
White 2013 34 18 months  5,380 EM + ALO EM + PBO x x  x  x x   x Yes 

EM + GLP-1 receptor agonists vs. 
EM + GLP-1 receptor agonists 

Buse 2013 36  26 weeks 911 EM + EXN EM + LIR x x x 
 

x 
     

Yes 
Ji 2013 35 26 weeks 681 EM + EXN weekly EM + EXN bid x x x x x x x 

   
Yes 

EM + INS vs.  
EM + INS  

Buse 2009 37 
(Herman 2011 38) 

24 weeks 2,091 EM + INS Lis EM + INS Gla 
x 
x 

x 
x 

x 
- 

x 
- 

x 
x 

x 
- 

x 
-    

Yes 

EM + INS  + DPP-4 inhibitors 
Vilsboll 2010 39 24 weeks 641 EM + INS + SIT EM + INS + PBO x x x x x x   x  No 

AE = adverse event; ALO = alogliptin; bid = twice daily; BW = body weight; CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; EM = existing medication; EXN = exenatide; Gla = glargine; GLP-1 = 
glucagon-like peptide-1; GLZ = gliclazide; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; LIR = liraglutide; Lis = lispro mix 75/25;  MET = metformin; Mor = mortality;  MVD = microvascular 
disease; N = number of trials; Pan = pancreatitis; PBAC = Pharmaceutical Benefits Advisory Committee; PBO = placebo; PIO = pioglitazone;  SAE = serious adverse event; SAX = saxagliptin; SIT = sitagliptin; SU = 
sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection  
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The literature search identified 12 publications covering 8 RCTs comparing diabetes 
medication added to existing therapy with existing therapy. The PBAC has seen 6/8 trials 
before.  
 
Table 20 provides a definition of the existing medication included in the trials. 
 
Table 20: Definition of existing medication in the included trials 

Trial Therapies included at baseline in existing medication 
ADVANCE 2008 28 MET, SU, TZD, acarbose, glinide, insulin 
Dormandy 2005 30 MET, SU, insulin, other medicines (12%) 
Scirica 2013 33 MET, SU, TZD, insulin, other (0.6%), none (4.1-4.8%) 
White 2013 34 insulin, MET, SU, TZD 
Ji 2013 35 MET, SU, TZD  
Buse 2013 36 MET, SU, TZD 
Buse 2009 37 MET, SU, TZD (all patients had dual therapy) 
Vilsboll 2010 39 insulin +/- MET (71% on metformin) 

MET = metformin; SU = sulfonylurea; TZD = thiazolidinedione 

 
For most trials existing medication was defined as oral diabetes medicines. These generally 
included metformin, sulfonylurea, and TZD. These medicines were often provided in dual 
therapy in the majority of the patients. Due to the differences in the background therapy, we 
have not included these trials in meta-analyses or network analyses.  

 
B.5.2 Risk of bias – EXISTING MEDICATION 
 
The risk of bias in the existing medication trials is summarised in Attachment B.5.2. All of the 
eight trials were RCTs; half were open-label and half were double-blind. The risk of 
performance and detection bias in the open-label trials is high as treatment allocation was 
known to participants and personnel. In general the risk of attrition bias was low across all 
trials, with intention to treat populations being used in most analyses. Last observation 
carried forward, which may not be the most appropriate method, was used in most cases to 
account for missing data. Attrition rates across treatment arms were similar in all trials 
except Ji 2013, which had a high risk of bias due to large differences in follow-up rates 
between treatment arms. Buse 2013 had similar levels of attrition across treatment arms; 
however, the reasons for attrition were not balanced resulting in the risk of attrition bias 
being unclear. All trials provided trial register numbers, and the outcomes reported in the 
papers matched those in the register. All trials were supported by pharmaceutical companies 
resulting in an unclear risk of additional bias. 
 
B.5.3 Trial characteristics – EXISTING MEDICATION 
 
The key features of the existing medication trials are presented in Attachment B.5.3.  
 
The existing medication trials are varied in terms of their key features, including patient 
numbers, countries included (although most were large, worldwide studies), design, risk of 
bias and the patient population characteristics.  
 
The Scirica 2013 and White 2013 trials in the ‘EM (existing medication) versus EM + DPP-4 
inhibitors’ group, may be comparable as both trials were large, recruited patients over a 
similar time period, and are worldwide, double-blind and placebo-controlled.  
 
Table 39 Attachment B.5.3 summarises the eligibility criteria of the existing medication trials. 
Although the inclusion and exclusion criteria for the existing medication trials have 
components that are similar, high levels of heterogeneity would be expected due to patient 
differences, especially surrounding current medications, age and concomitant disease.  
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B.5.4 Baseline characteristics – EXISTING MEDICATION 
 
Participants in the existing medication trials had very varied baseline characteristics (see 
Attachment B.5.4). The ‘EM versus EM + DPP-4 inhibitors’ subgroup was the only subgroup 
to have more than one trial and the baseline characteristics of participants in these trials 
were also very different. Average age varied by approximately 4 years, weight by 
approximately 8 kg and duration of diabetes by over 3 years. 
 
B.5.5 Methods of analysis – EXISTING MEDICATION 
 
The primary outcome for Buse 2009 and Vilsboll 2010 was change from baseline at week 24 
in HbA1c. For Ji 2013 and Buse 2013 it was change in HbA1c from baseline at week 26. The 
other trials in this group had cardiovascular endpoints as the primary outcome. The 
cardiovascular outcomes and related definitions are summarised in Table 21. 
 
Table 21: Cardiovascular primary outcomes in the existing medication trials 
Trial Primary outcome Definitions 
ADVANCE 
2008 28 
 

A composite of macrovascular events 
and a composite microvascular 
events, considered both jointly and 
separately. 

Macrovascular events: death from CV causes, non-fatal MI and non-
fatal stroke. 
Microvascular events: new or worsening nephropathy (development 
of microalbuminuria (a urinary albumin:creatinine ratio of > 300 µg:1 
mg or the doubling of the serum creatinine level to at least 200 
µmol/L), the need for renal-replacement therapy, or death due to renal 
disease) or retinopathy (development of proliferative retinopathy, 
macular oedema or diabetes-related blindness or the use of retinal 
photocoagulation therapy). 

Dormandy 
2005 30 

A composite of all-cause mortality, 
non-fatal MI (including silent MI), 
stroke, acute coronary syndrome, 
endovascular or surgical intervention 
in the coronary or leg arteries and 
amputation above the ankle. 

Non-fatal MI: if the patient survived > 24 hours after the onset of 
symptoms. 
Silent MI: new Q-waves on two contiguous leads or R-wave reduction 
in the precordial leads without a change in axis deviation. 
Acute coronary syndrome: if a patient receives treatment in hospital 
for ischaemic discomfort at rest that lasted > 5 min and had ECG 
changes and/or raised cardiac serum markers not significantly high to 
indicate MI. 
Coronary revascularisation:  when patient undergoes percutaneous 
transluminal coronary intervention or coronary artery bypass graft. 
Stroke: acute focal neurological deficit lasting > 24 hours or resulting 
in death within 24 hours, which was diagnosed as being due to 
cerebral lesion of vascular origin but excluding subarachnoid 
haemorrhage. 
Major leg amputation: all amputations above the ankle. 
Revascularisation: any surgical bypass, atherectomy, angioplasty or 
thrombolysis in the leg. 

Scirica 
2013 33 

A composite of CV death, MI or 
ischaemic stroke 

Cardiovascular death: death due to acute MI, heart failure, sudden 
cardiac death or stroke. 

White 
2013 34 

Composite of death from CV causes, 
non-fatal MI or non-fatal stroke 

 

CV = cardiovascular; ECG = electrocardiogram; MI = myocardial infarction; RAS = renin-angiotensin system 
 

Most of the trials (ADVANCE 2008, Dormandy 2005, Ji 2013, Buse 2013, Buse 2009 and 
Vilsboll 2010) used the modified intention-to-treat population in the statistical analysis, which 
included all randomised patients who had received at least one dose of study medicine. 
White 2013 analysed the intention to treat patients, i.e. all randomly assigned patients. 
 
Hypoglycaemia was a secondary outcome for the majority of the trials and the definitions 
used are presented in Table 22. 
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Table 22: Definitions of hypoglycaemia in the existing medication trials 
Trial Hypoglycaemia Severe hypoglycaemia Nocturnal 

hypoglycaemia 
ADVANCE 
2008 28 
 

A blood glucose level of < 50 mg/dL 
(2.8 mmol/L) or the presence of typical 
symptoms and signs of 
hypoglycaemia. 

Patients who were unable to treat themselves.  

Buse 
2009 37 
 

A plasma glucose value ≤ 70 mg/dL 
(3.9 mmol/L) or symptoms that the 
patient typically associates with 
hypoglycaemia.  

An episode requiring assistance from another 
person for treatment with oral carbohydrate, 
IV glucose or glucagon. 

Episodes that occur 
after bedtime and 
before the morning 
meal/insulin dose. 

Buse 2013 
Ji 2013 35; 

36 
 

Symptoms of hypoglycaemia, with a 
blood glucose concentration of < 54 
mg/dL (3.0 mmol/L) that either 
resolved on its own or with self-
treatment. 

Major hypoglycaemia: Episode with 
symptoms of hypoglycaemia that resulted in 
loss of consciousness or seizure, which 
showed prompt recovery in response to 
administration of glucagon or glucose, or 
blood glucose of < 54 mg/dL (3.0 mmol/L) that 
required assistance from another person.  

 

Scirica 
2013 33 

Symptomatic episode from which the 
patient recovered without assistance 
within 30 minutes after ingestion of 
carbohydrates. 

Major hypoglycaemia: required a third party 
to intervene actively. 

 

Vilsboll 
2010 39 

Mild hypoglycaemia: episodes that 
did not require assistance.  
Moderate hypoglycaemia: episodes 
that required the non-medical 
assistance of others.  

Episodes requiring medical intervention or 
exhibiting markedly depressed level of 
consciousness, loss of consciousness or 
seizure. 

 

IV = intravenous 

 
B.5.6 Results – EXISTING MEDICATION 
 
As only one comparison was informed by two trials, and the definition of existing medication 
varied, no meta-analyses or network analyses were performed. In this report the four trials 
with a duration longer than one year and with all patients having underlying cardiovascular 
disease are presented first, followed by the four six months trials.  
 
Results of trials with a duration of greater than one year – EXISTING 
MEDICATION  
 
Table 23 presents a summary of the non-cardiovascular results for the long-term trials which 
included existing medication.  
 
Table 23: Results from existing medication trials with a duration > 1 year 

 

EM vs. EM + SU EM vs. EM + TZD EM vs. EM + DPP-4 inhibitors 

Advance 200828 Dormandy 200530 Scirica 201333 White 201334 

EM + GLZ EM EM + PIO EM + PBO EM + SAX EM + PBO EM + ALO EM + PBO 

Trial duration 5 years (median) 34.5 months 2.1 year 18 months 
n 5,571 5,569 2,605 2,633 8,280 8,212 2,701 2,679 
HbA1c; % (IQR) mean 
change from baseline 

-0.99 -0.24 
-0.8 

(-1.6, -0.1) 
-0.3 

(-1.1, 0.4) 
- - -0.33 -0.03 

BW; kg mean change 
from baseline 

-0.1 -1.0 3.6 -0.4 - - 1.09 1.04 

Any AE; % - - - - - - 80.0% 78.8% 

SAE; % - - 46.2% 48.4% - - 33.6% 35.5% 

Hypo-G; % 53.0% 38.0% 27.9% 20.1% 15.3% 13.4% 6.7% 6.5% 

Severe  hypo-G; %  2.7% 1.5% 0.7% 0.4% 2.1% 1.7% 0.7% 0.6% 
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EM vs. EM + SU EM vs. EM + TZD EM vs. EM + DPP-4 inhibitors 

Advance 200828 Dormandy 200530 Scirica 201333 White 201334 

EM + GLZ EM EM + PIO EM + PBO EM + SAX EM + PBO EM + ALO EM + PBO 

UTI; % - - - - - - - - 

Pancreatitis; % - - - - 0.3% 0.3% 0.6% 0.4% 

Mortality; % 8.9% 9.6% 6.8% 7.1% 5.1% 4.6% 5.7% 6.5% 
AE = adverse event; ALO = alogliptin; BW = body weight; DPP-4 = dipeptidyl peptidase-4; EM = existing medication; GLZ = gliclazide; 
HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; IQR = inter-qaurtile range; PBO = placebo; PIO = pioglitazone; SAE = serious 
adverse event; SAX = saxagliptin; SU = sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection; Bold = statistically significant 
difference 

 

HbA1c 

When another medicine (sulfonylurea, TZD or DPP-4 inhibitor) was added to existing 
medication there was a decrease in HbA1c over time, compared to existing medication only. 
The decrease in HbA1c from baseline to the end of the trial for the different interventions 
ranged from 0.33% to 0.75% (Table 23).  
 

Body weight 
The addition of sulfonylurea to existing medication was the only trial to show significant 
weight reduction from baseline, but existing medication in this trial was associated with even 
greater weight reduction. TZDs showed increased weight gain versus baseline and existing 
medication (Table 23).  
 

Adverse events and serious adverse events 
Of the four trials with a duration beyond one year, only White 2013 presented data on all 
adverse events (Table 23) and no differences were reported. Dormandy 2005 and White 
2013 presented data on serious adverse events and there were no differences in the number 
of serious adverse events between the different arms of these trials.  
 

Hypoglycaemia 
Hypoglycaemia was reported in all four trials (Table 23). When added to existing medication, 
sulfonylurea (OR: 1.4, 95% CI: 1.31, 1.49) and TZD (OR: 1.39, 95% CI: 1.23, 1.57), had 
increased odds ratios of hypoglycaemia when compared to existing medication and placebo. 
The two DPP-4 inhibitor trials varied, with White 2013 showing no difference over 18 months 
(OR: 1.04, 95% CI: 0.84, 1.29) and Scirica 2013 showing that DPP-4 inhibitors when added 
to existing medication had an increased odds ratio of hypoglycaemia (OR; 1.17, 95% CI; 
1.07, 1.28).  
 

Pancreatitis 
Two trials reported on pancreatitis. There were no differences between the rates of 
pancreatitis when DPP-4 inhibitors were used in combination with existing medication when 
compared to existing medication.  
 

Cardiovascular outcomes 
The cardiovascular outcomes were presented differently in the four trials. Therefore, the 
results from the individual trials are presented below.  
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Advance Collaboration Group 200828 
 
The Advance Collaboration Group compared intensive glucose control using gliclazide 
(modified release) plus existing medication to existing medication in patients with elevated 
risk of cardiovascular disease (a history of major macrovascular or microvascular disease or 
other major risk factor for vascular disease). The cumulative incidence of major and minor 
microvascular events (combined and separately) and death are presented in Figure 35.  
 
Figure 35: Cumulative incidences of events for sulfonylurea + existing medication vs. existing medication from 
ADVANCE 2008. 
 
 

Sulfonylurea added to existing medication resulted in a statistically significant reduction for 
combined major macrovascular and microvascular events (HR 0.90; 95% CI: 0.82, 0.98; 
panel A of Figure 35) and major microvascular events (HR: 0.86; 95% CI: 0.77, 0.97; panel 
C of Figure 35). No statistically significant reductions were observed for major 
macrovascular events (HR: 0.94; 95% CI: 0.84, 1.06; panel B of Figure 35) or for death from 
any cause (HR: 0.93; 95% CI: 0.83, 1.06; panel D of Figure 35).  
 
The publication states that the primary event (major macrovascular or microvascular event) 
would be averted during a 5-year period in 1 of every 52 participants (95% CI: 30, 213). 
 
Figure 36 presents the relative effects on all primary and secondary outcomes. 
 
Figure 36: Relative effects of sulfonylurea + existing medication on all pre-specified primary and secondary 
outcomes from ADVANCE  2008. 
 
 
Most noteworthy is the statistically significant reduction in nephropathy as measured by 
macroalbuminuria (2.9% vs. 4.1% with existing medication; HR: 0.70; 95% CI: 0.57, 0.85), 
with a trend toward a reduction in the need for renal replacement therapy. More patients with 
sulfonylurea added to existing medication were hospitalised for any cause (44.9% vs. 42.8%, 
HR: 1.07; 95% CI: 1.01, 1.13), which may be partly explained due to additional 
hospitalisations for severe hypoglycaemia.  
 
Dormandy 200530 
 
Dormandy 2005 compared pioglitazone titrated from 15 mg to 45 mg to matching placebo 
when taken in addition to existing medication in patients with evidence of macrovascular 
disease. Figure 37 presents the Kaplan-Meier curve for the primary endpoint from the 
Dormandy trial, while Figure 38 presents the results for the main secondary endpoint.  
 
 
Figure 37: Kaplan-Meier curve of time to death from any cause, non-fatal myocardial infarction, stroke, acute 
coronary syndrome, leg amputation/revascularisation and coronary revascularisation in Dormandy 2005. 
 
 
Figure 38: Kaplan-Meier curve of time to death from any cause, non-fatal myocardial infarction (excluding silent MI), 
or stroke in Dormandy 2005. 
 
 
The primary endpoint was death from any cause, non-fatal myocardial infarction, stroke, 
acute coronary syndrome, leg amputation/revascularisation and coronary revascularisation.  
The addition of pioglitazone to existing medication resulted in no difference in this primary 
endpoint (HR: 0.90; 95% CI: 0.80 to 1.02 Figure 37). The secondary endpoint was death 
from any cause, non-fatal myocardial infarction (excluding silent MI), or stroke. The addition 
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of pioglitazone to existing medication resulted in a statistically significant reduction in this 
endpoint (HR: 0.84; 95% CI: 0.72 to 0.98, Figure 38). 
 
The secondary event (myocardial infarctions, strokes, or deaths) would be averted during a 
3-year period in 1 of every 48 participants (Figure 38). There were significantly more cases 
of heart failure, with or without hospital admission, in people treated with pioglitazone and 
existing medication compared to placebo and existing medication; however, there was no 
difference in fatal heart failure (Table 24). 
 
Table 24: Heart Failure events reported in Dormandy 2005 
 PIO (n = 2,605) PBO (n = 2,633) 

P value Number of 
events 

Number of 
patients 

Number of 
events 

Number of 
patients 

Any report of HF 417 281 (10.8%) 302 198 (7.5%) <0.0001 
HF not needing hospital 
admission 

160 132 (5.1%) 117 90 (3.4%) 0.003 

HF needing hospital admission 209 149 (5.7%) 153 108 (4.1%) 0.007 
Fatal HF 25 25 (1.0%) 22 22 (0.8%) 0.634 
Source: Table 9, p1,286, Dormandy 2005.   
HF = heart failure; PBO = placebo; PIO = pioglitazone 

 
Scirica 201333 
 
Scirica 2013 compared saxagliptin to placebo when taken in addition to other oral diabetes 
medicines in patients with evidence of, or at risk of, cardiovascular disease. The primary 
endpoint event was occurrence of any one of the following; cardiovascular death, nonfatal 
myocardial infarction, or nonfatal ischemic stroke (Table 25), and the secondary endpoints 
were occurrence of any one of the following; cardiovascular death, myocardial infarction, 
stroke, hospitalisation for unstable angina, coronary revascularisation, or heart failure. 
 
Table 25: Endpoint outcomes from Scirica 2013 

End point 
SAX 

(n = 8,280) 
PBO 

(n = 8,212) 
HR 

(95% CI) 
P value 

CV death, MI or stroke: primary efficacy end point 613 (7.3%) 609 (7.2%) 1.00 (0.89, 1.12) 0.99 
CV death, MI, stroke, hospitalisation for unstable 
angina, HF, or coronary revascularisation: 
secondary efficacy end point 

1,059 (12.8%) 1,034 (12.4%) 1.02 (0.94, 1.11) 0.66 

Death from any cause 420 (4.9%) 378 (4.2%) 1.11 (0.96, 1.27) 0.15 
Death from CV causes 269 (3.2%) 260 (2.9%) 1.03 (0.87, 1.22) 0.72 
MI 265 (3.2%) 278 (3.4%) 0.95 (0.80, 1.12) 0.52 
Ischaemic stroke 157 (1.9%) 141 (1.7%) 1.11 (0.88, 1.39) 0.38 
Hospitalisation for unstable angina 97 (1.2%) 81 (1.0%) 1.19 (0.89, 1.60) 0.24 
Hospitalisation for HF 289 (3.5%) 228 (2.8%) 1.27 (1.07, 1.51) 0.007 
Hospitalisation for coronary revascularisation 423 (5.2%) 459 (5.6%) 0.91 (0.80, 1.04) 0.18 
Doubling of creatinine level, initiation of dialysis, 
renal transplantation or creatinine > 6.0 mg/dL 
(530 µmol/L) 

194 (2.2%) 178 (2.0%) 1.08 (0.88, 1.32) 0.46 

Hospitalisation for hypoglycaemia 53 (0.6%) 43 (0.5%) 1.22 (0.82, 1.83) 0.33 
Source: Table 2, p1,322, Scirica 2013. 
CI = confidence interval; CV = cardiovascular; HF = heart failure; HR = hazard ratio; MI = myocardial infarction; PBO = placebo; SAX = 
saxagliptin  

 
There were no differences in the occurrence of primary endpoints (HR: 1.00; 95% CI: 0.89 to 
1.12), or secondary endpoints (HR: 1.02; 95% CI: 0.94 to 1.11) between the saxagliptin 
group and placebo group when used with other oral diabetes medicines (Figure 39). The 
major difference of note was that the saxagliptin group had significantly more patients 
hospitalised for heart failure than the placebo group (HR: 1.27; 95% CI: 1.07 to 1.51) (Table 
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25). 
 
Figure 39: Kaplan-Meier Rates of the Primary and Secondary End Points – Scirica 2013. 
 
 
White 201334 
 
White 2013 compared alogliptin to matching placebo when taken in addition to other oral 
diabetes medicines in patients with either an acute myocardial infarction or unstable angina 
requiring hospitalisation within 15 to 90 days of starting the study. The primary endpoint 
events were death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal 
stroke. 
 
There were no differences in the occurrence of primary endpoints between the alogliptin 
group and placebo when used in combination with other oral diabetes medicines (HR: 0.96; 
95% CI: ≤ 1.16) (Figure 40). There were also no differences in the occurrence of other 
measures of mortality and cardiac disease outcomes between the two groups (Table 26). 
 
Table 26: Major endpoints from White 2013 

 ALO 
(n = 2,701) 

PBO 
(n = 2,679) 

HR for ALO group 
(95% CI) 

P value 

Primary end point 
  Death from CV causes 
  Non-fatal MI 
  Non-fatal stroke 

305 (11.3%) 
89 (3.3%) 

187 (6.9%) 
29 (1.1%) 

316 (11.8%) 
111 (4.1%) 
173 (6.5%) 
32 (1.2%) 

0.96 (≤ 1.16)* 
0.79 (0.60, 1.04) 
1.08 (0.88, 1.33) 
0.91 (0.55, 1.50) 

0.32 
0.10 
0.47 
0.71 

Principal secondary end point 344 (12.7%) 359 (13.4%) 0.95 (≤ 1.14)* 0.26 
Other end points 
  Death from any cause 
  Death from CV causes 

 
153 (5.7%) 
112 (4.1%) 

 
73 (6.5%) 
130 (4.9%) 

 
0.88 (0.71, 1.09) 
0.85 (0.66, 1.10) 

 
0.23 
0.21 

Source: Table 3, p1,333, White 2013. 
Notes: * The parenthetical value is the upper boundary of the one-sided repeated CI, at an alpha level of 0.01. 
ALO = alogliptin; CI = confidence interval; CV = cardiovascular; HR = hazard ratio; MI = myocardial infarction; PBO = placebo 
 
Figure 40: Cumulative Kaplan-Meier – White 2013. 
 
 
Summary Cardiovascular Outcomes 
 
Table 27 summarises the cardiovascular outcomes between different therapy combinations 
from the direct trials. For these trials, the definition/grouping of cardiovascular disease 
outcomes was reported differently in the different trials.  
 
Table 27: Primary and key secondary cardiovascular outcome results from existing medication trials with a 
duration of  > 1 year 

 

EM vs. EM + SU EM vs. EM + TZD EM vs. EM + DPP-4 inhibitors 

Advance 200828 Dormandy 200530 Scirica 201333 White 201334 

EM + SU EM EM + TZD EM 
EM + 

DDP-4-i 
EM + 
PBO 

EM + 
DDP-4-i 

EM + 
PBO 

Trial duration 5 years (median) 34.5 months 2.1 year 18 months 
n 5,571 5,569 2,605 2,633 8,280 8,212 2,701 2,679 

Death from any cause 0.93 (0.83, 1.06) a 0·96 (0.78, 1.18) a NR NR 

Heart failure 5 (−14 to 21) d 1.49 (1.23, 1.8) b NR NR 

Hospitalisation due to heart failure NR 1.42 (1.1, 1.83) b 1.27 (1.07, 1.51) a NR 

Major microvascular events: new or 
worsening nephropathy or retinopathy 

0.86 (0.77, 0.97)a NR NR NR 
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EM vs. EM + SU EM vs. EM + TZD EM vs. EM + DPP-4 inhibitors 

Advance 200828 Dormandy 200530 Scirica 201333 White 201334 

EM + SU EM EM + TZD EM 
EM + 

DDP-4-i 
EM + 
PBO 

EM + 
DDP-4-i 

EM + 
PBO 

Major macrovascular events: CV 
death, non-fatal MI and non-fatal 
stroke. 

0.94 (0.84, 1.06) a 0.84 (0.72, 0.98) a 1.00 (0.89, 1.12) a 0.96 (≤ 1.16) c 

Death from any cause, non-fatal 
myocardial infarction, stroke, acute 
coronary syndrome, leg 
amputation/revascularisation and 
coronary revascularisation 

NR 0.90 (0.80, 1.02) a NR NR 

Combined major macrovascular and 
microvascular events 

0.90 (0.82, 0.98) a NR NR NR 

CV death, MI, stroke, hospitalisation 
for unstable angina, HF, or coronary 
revascularisation: secondary efficacy 
end point 

NR NR 1.02 (0.94, 1.11) a NR 

CV death, MI, stroke or urgent 
revascularization due to unstable 
angina: secondary efficacy end point 

NR NR NR 0.95 (≤ 1.14) c 

Notes: a Hazard ratio (95% CI)  
b Odds ratio (95% CI)  
c Hazard ratio (the upper boundary of the one-sided repeated CI, at an alpha level of 0.01)  
d Relative risk reduction (95% CI)  
Abbreviations: CI = confidence interval; CV = cardiovascular; DPP-4-i = dipeptidyl peptidase-4 inhibitor; EM = existing medication; HF = 
heart failure; MI = myocardial infarction; NR = not reported; PBO = placebo; SU = sulfonylurea; TZD = thiazolidinedione; Bold = 
statistically significant difference 
 

 
Results of trials with a duration of less than one year – EXISTING MEDICATION 
 
The results from the four existing medication trials with a duration of ≤1 years are presented 
in Attachment B.5.6. 
 

HbA1c 
The addition of DPP-4 inhibitors to existing medication (insulin +/- metformin) showed an 
clinically meaningful effect on the change in HbA1c over 24 weeks  with a mean difference of 
-0.6% compared to existing medication (95% CI: -0.7 to -0.4%) 39. Two trials reported 
different GLP-1 receptor agonist regimens with existing medication, with both trials finding no 
difference between the therapies 35; 36. One trial compared two different insulin therapies 
which were also shown to be equivalent 37. 
 

Weight 
Insulin + existing medication was demonstrated to produce weight gain compared to 
baseline 37, while GLP-1 receptor agonist + existing medication resulted in body weight loss 
compared to baseline 35; 36. 
 

Hypoglycaemia 
Only the two trials examining different GLP-1 receptor agonist regimens reported 
hypoglycaemia and these showed no difference in the number of hypoglycaemic or severe 
hypoglycaemic events 35; 36. 
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Mortality 
There were no differences in the number of deaths between trial arms in any of the 
comparisons. 
 

Urinary Tract Infection 
Only one trial reported on urinary tract infections. There was no difference between the rates 
of urinary tract infection when a DPP-4 inhibitor was used in combination with existing 
medication, compared to existing medication (OR; 1.49, 95% CI; 0.52 to 4.22).39  
 
 
B.5.7 Discussion – EXISTING MEDICATION 
 
The definition/grouping of cardiovascular disease was reported differently in different trials. 
The long-term existing medication trials examined cardiovascular disease and mortality in 
patients at high risk of heart failure. In all trials, adding a sulfonylurea, TZD or DPP-4 
inhibitor to existing medication provided better control over HbA1c. However, only 
sulfonylureas reduced the odds of having a microvascular and macrovascular event and new 
or worsening nephropathy. TZDs + existing medication reduced the risk of major 
macrovascular events, but increased the risk of heart failure, compared to existing 
medication. DPP-4 inhibitors provided no reduction in cardiovascular outcomes and 
increased the risk of hospitalisation due to heart failure when combined with existing 
medication. 
 
Additional key findings of the existing medication trials were: 

 The addition of an extra drug to existing medication led to a clinically meaningful 
improvement in HbA1c for all the included trials.  

 The addition of sulfonylurea or a GLP-1 receptor agonist to existing medication 
produced weight reduction from baseline, while the addition of TZDs and insulin 
showed weight gain from baseline. 

 For the trials that reported all adverse events (n=4) and serious adverse events (n=6) 
none demonstrated a difference in adverse events across the different treatment 
arms. 

 Sulfonylurea, TZD and DPP-4 inhibitors added to existing medication resulted in an 
increased occurrence in hypoglycaemia occurrence at two years in one trial, while a 
different trial showed that DPP-4 inhibitors added to existing medication did not have 
an effect on hypoglycaemic events at 18 months, compared to existing medication. 

 Only one trial reported on urinary tract infections. There was no difference between 
the rates of urinary tract infections when a DPP-4 inhibitor was used in combination 
with existing medication, compared to existing medication. 

 There was no difference between the rates of pancreatitis when DPP-4 inhibitor was 
used in combination with existing medication, compared to existing medication.  
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SECTION C: SUMMARY AND DISCUSSION 
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Most clinical guidelines advocate an individualised approach to setting patient HbA1c targets 
which should be achieved for optimal treatment of type 2 diabetes. The balance is between 
management of the disease, prevention of microvascular events and hypoglycaemia. 
Generally, metformin is considered the first line of pharmacotherapy unless there are 
contraindications or patient intolerance. If either of these is present, sulfonylureas are 
considered the most appropriate alternative to metformin. Due to the consistency of this 
recommendation across countries, it was considered unnecessary to review the 
monotherapy literature in detail. However, it should be noted from the review that there were 
13 trials identified comparing monotherapy treatments that have not been included in 
previous PBAC submissions.  
 
The guidelines advise that if treatment with monotherapy does not result in optimal blood 
glucose levels, dual therapy should be initiated. The recommended dual therapy 
combination is metformin with a sulfonylurea, unless contraindicated for the individual 
patient. In this scenario other combinations can be used. Most combinations from the review 
have previously been seen and examined by the PBAC; however, TZD + DDP-4 inhibitors 
have not been previously examined. While TZD monotherapy would not be considered 
standard practice it was the control used in this trial. TZD + DDP-4 inhibitors showed 
improved HbA1c (MD -0.9%; 95% CI: -1.1, -0.7), greater weight gain and similar safety 
compared to TZD monotherapy. It is difficult to conclude how useful a dual therapy 
combination of DPP-4 inhibitors and TZD would be given the current guidelines. Further, this 
trial may not be relevant for Australian practice, as all randomised patients were treatment 
naïve.  
 
If dual therapy is ineffective in controlling blood glucose in the individual patient, a third agent 
can be used to assist treatment. Guidelines commonly recommend insulin as the preferred 
option in combination with metformin and sulfonylurea (other treatments can be used if the 
preferred option is not suitable for the patient due to contraindications or intolerances). The 
results of the review and network analyses demonstrated that the addition of a third 
treatment was generally more effective at reducing HbA1c than dual therapy with metformin + 
sulfonylurea. Using a minimum clinically important difference of 0.3%, only metformin + 
sulfonylurea + insulin and metformin + sulfonylurea + GLP-1 receptor agonist resulted in 
clinical relevant improvements in HbA1c using the upper confidence interval limit. Metformin 
+ sulfonylurea + SGLT2 inhibitor produced the largest reduction, and metformin + TZD + 
DPP-4 inhibitor showed no difference compared to dual therapy with metformin + 
sulfonylurea. 
 
Weight gain was a factor for most triple therapy regimens with the SGLT2 inhibitor + 
metformin + sulfonylurea combination and the GLP-1 receptor agonists + metformin + 
sulfonylurea combination showing a significant reduction in body weight compared to 
metformin + sulfonylurea. When used in combination with metformin + sulfonylurea, insulin 
had lower adverse events and higher hypoglycaemia events than GLP-1 receptor agonists.  
 
The main limitations regarding this review of the comparative efficacy of type 2 diabetes 
medicines when used as triple therapy are: 

 Limited trial data are available with a duration of at least six months. 
 Many of the trials were underpowered to detect differences in adverse events. 
 There is heterogeneity between the trials with differences in patient characteristics, 

inclusion/exclusion criteria and duration. 
 There were differences between the trials for definitions in certain outcomes – 

serious adverse events, hypoglycaemia and severe hypoglycaemia. 
 Performing a network analysis, which uses indirect comparison analyses, may 
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introduce statistical uncertainty. 
 

 
In addition to the mono, dual and triple therapy trials, some trials were identified that 
examined long-term effects for “real life” situations where an additional drug therapy was 
added to patients on concurrent existing diabetes medicines in patients at risk of heart 
disease. All these trials demonstrated that the addition of an extra drug (sulfonylurea, TZD or 
DPP-4 inhibitor) provided a statistically significant reduction in HbA1c compared to being on 
existing medication alone, with no difference in magnitude between the three therapeutic 
groups. The addition of sulfonylurea to existing medication provided some reduction in the 
level of combined microvascular and macrovascular outcomes compared to existing 
medication alone. The other therapies that compared the addition of a drug to existing 
medication showed an increased risk of heart failure (TZD, not reported in DPP-4 inhibitors 
trials) and hospitalisation due to heart failure (TZD and DPP-4 inhibitors) and no difference in 
overall risk of cardiac mortality. It is important to note that the trials may not be comparable 
due to differences in included patients, trial design, background medication, outcome 
definitions and improvement in glycaemic control. 
 
Care when choosing a triple therapy combination is needed as there is often a risk of 
increased hypoglycaemia events associated with this regimen and there are very limited 
data surrounding the long-term effectiveness and safety of combined therapies. 
 
Overall, the systematic literature review identified only limited evidence on the long-term 
safety of type 2 diabetes medicines when used in triple therapy or add on therapy to existing 
medications, for sulfonylureas, TZDs and DPP-4 inhibitors. The systematic literature review 
did not identify long-term macrovascular or microvascular outcome data for acarbose, 
insulin, SGLT2 inhibitors and GLP-1 receptor agonists. This is of concern considering that 
these medicines are intended for long-term use. 
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ATTACHMENT TO SECTION B: SYSTEMATIC LITERATURE REVIEW 
 

B.1 METHODS  
 
B.1.1 Literature search for RCTs 
 
Stage 1: Search Terms For Systematic Reviews 
 
OVID MEDLINE (R)  
 
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and 
Ovid MEDLINE(R) 1946 to 5th March 2014 
 
1. metformin.mp.  
2. glucophage.mp.  
3. dimethylbiguanidine.mp.  
4. dimethylguanylguanidine.mp.  
5. exp Metformin/ 
6. (Fortamet or Glucophage or Glucophage XR or Glumetza or Riomet).mp. 
7. 1 or 2 or 3 or 4 or 5 or 6 
8. exp Sulfonylurea Compounds/ 
9. Gliclazide.mp. 
10. Glimepiride.mp. 
11. Glipizide.mp 
12. Glibenclamide.mp 
13. glyburide.mp.  
14. (Glucotrol or Diamicron or Glyade or Nidem or Glimel or Daonil or Aylide or Diapride or 
Dimirel or Amaryl).mp.  
15. Sulfonylurea*.mp.  
16. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 
17. exp Thiazolidinediones/ 
18. pioglitazone*.mp.  
19. rosiglitazone*.mp.  
20. Thiazolidinedione*.mp.  
21. (Acpio or Actos or Pizaccord or Prioten or Vexazone or Avandia or Avandamet).mp.  
22. 17 or 18 or 19 or 20 or 21 
23. exp alpha-Glucosidases/ai  
24. Acarbose.mp or exp Acarbose/ 
25. Glucobay.mp.  
26. 23 or 24 or 25 
27. exp Dipeptidyl-Peptidase IV Inhibitors/ 
28. Alogliptin.mp.  
29. Sitagliptin.mp.  
30. Saxagliptin.mp.  
31. Linagliptin.mp 
32. Vildagliptin.mp.  
33. (Nesina or Juvicor or Januvia or Janumet or Onglyza or Kombiglyze or Trajenta or 
Trajentamet or Galvus or Galvumet).mp.  
34. (Dipeptidyl-Peptidase IV Inhibitor* or Dipeptidyl-Peptidase 4 Inhibitor*or DPP-4 inhibitor* 
or DPP4 inhibitor* or DPP-IV inhibitor* or DPPIV inhibitor*).mp.  
35. 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 
36. exp Glucagon-Like Peptide 1/ 
37. Incretin Mimetic*.mp.  
38. Glucagon-Like Peptide 1.mp.  
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39. GLP-1.mp.  
40. Exenatide.mp.  
41. Liraglutide.mp. 
42. (Byetta or Victoza or Bydureon).mp.  
43. 36 or 37 or 38 or 39 or 40 or 41 or 42 
44. exp Insulin, Short-Acting/ or exp Insulin, Regular, Pork/ or exp Insulin, Long-Acting/ or 
exp Insulin, Regular, Human/ 
45. Aspart.mp.  
46. Lispro.mp.  
47. Glulisine.mp 
48. Insulin Neutral.mp 
49. Detemir.mp.  
50. Glargine.mp.  
51. (Isophane or NPH or neutral protamine Hagedorn).mp.  
52. (Novorapid or NovoMix or Humalog or Apidra or Actrapid or Humulin or Levemir or 
Lantus or Protaphane or Mixtard or Hypurin Neutral).mp 
53. 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 
54. exp Sodium-Glucose Transporter 2/ai  
55. SGLT2 Inhibitor*.mp 
56. Sodium-glucose co-transporter-2 inhibitor*.mp.  
57. Sodium-glucose transporter-2 inhibitor*.mp 
58. Canagliflozin.mp. 
59. Dapagliflozin.mp. 
60. (Invokana or Forxiga or Farxiga).mp.  
61. 54 or 55 or 56 or 57 or 58 or 59 or 60 
62. 7 or 16 or 22 or 26 or 35 or 43 or 53 or 61 
63. exp Diabetes Mellitus, Type 2/ 
64. Diabetes Mellitus Type 2.mp. 
65. Diabetes Mellitus Type II.mp.  
66. DM type 2.mp.  
67. DM type II.mp.  
68. Type 2 Diabetes.mp.  
69. Type II Diabetes.mp.  
70. Diabetes Type II.mp.  
71. Diabetes Type 2.mp 
72. T2DM.mp.  
73. DMT2.mp.  
74. 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 
75. systematic review*.mp.  
76. meta analysis.mp 
77. exp Meta-Analysis/ 
78. 75 or 76 or 77 
79. 62 and 74 and 78 
80. limit 79 to (english language and yr="2010 -Current") 
 
THE COCHRANE LIBRARY 
 
Search conducted on the 5th March 2014 
ID Search  
#1 metformin  
#2 glucophage  
#3 dimethylbiguanidine  
#4 dimethylguanylguanidine  
#5 MeSH descriptor: [Metformin] explode all trees 
#6 Fortamet or Glucophage or Glucophage XR or Glumetza or Riomet  
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#7 [27-#6] 
#8 MeSH descriptor: [Sulfonylurea Compounds] explode all trees 
#9 Gliclazide  
#10 Glimepiride  
#11 Glipizide  
#12 Glibenclamide  
#13 glyburide  
#14 Glucotrol or Diamicron or Glyade or Nidem or Glimel or Daonil or Aylide or Diapride 

or Dimirel or Amaryl  
#15 Sulfonylurea*  
#16 [101-#15]  
#17 MeSH descriptor: [Thiazolidinediones] explode all trees 
#18 pioglitazone*  
#19 rosiglitazone*  
#20 Thiazolidinedione*  
#21 Acpio or Actos or Pizaccord or Prioten or Vexazone or Avandia or Avandamet  
#22 [30-#21] 
#23 alpha-glucosidase inhibitor  
#24 Acarbose  
#25 MeSH descriptor: [Acarbose] explode all trees 
#26 Glucobay  
#27 (or #23-#26)  
#28 MeSH descriptor: [Dipeptidyl-Peptidase IV Inhibitors] explode all trees 
#29 Alogliptin  
#30 Sitagliptin  
#31 Saxagliptin  
#32 Linagliptin  
#33 Vildagliptin  
#34 Nesina or Juvicor or Januvia or Janumet or Onglyza or Kombiglyze or Trajenta or 

Trajentamet or Galvus or Galvumet  
#35 Dipeptidyl-Peptidase IV Inhibitor* or Dipeptidyl-Peptidase 4 Inhibitor*or DPP-4 

inhibitor* or DPP4 inhibitor* or DPP-IV inhibitor* or DPPIV inhibitor*  
#36 [64-#35] 
#37 MeSH descriptor: [Glucagon-Like Peptide 1] explode all trees 
#38 Incretin Mimetic  
#39 Glucagon-Like Peptide 1  
#40 GLP-1  
#41 Exenatide  
#42 Liraglutide  
#43 Byetta or Victoza or Bydureon  
#44 (or #37-#43) 
#45 MeSH descriptor: [Insulin, Short-Acting] explode all trees 
#46 MeSH descriptor: [Insulin, Regular, Human] explode all trees 
#47 MeSH descriptor: [Insulin, Long-Acting] explode all trees 
#48 MeSH descriptor: [Insulin, Regular, Pork] explode all trees 
#49 Aspart  
#50 Lispro  
#51 Glulisine  
#52 Insulin Neutral  
#53 Detemir  
#54 Glargine  
#55 Isophane or NPH or neutral protamine Hagedorn  
#56 Novorapid or NovoMix or Humalog or Apidra or Actrapid or Humulin or Levemir or 

Lantus or Protaphane or Mixtard or Hypurin Neutral  
#57 [102-#56]  
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#58 MeSH descriptor: [Sodium-Glucose Transporter 2] explode all trees 
#59 SGLT2 Inhibitor*  
#60 Sodium-glucose co-transporter-2 inhibitor*  
#61 Sodium-glucose transporter-2 inhibitor*  
#62 Canagliflozin  
#63 Dapagliflozin  
#64 Invokana or Forxiga or Farxiga  
#65 [32-#64] 
#66 #7 or #16 or #22 or #27 or #36 or #44 or #57 or #65  
#67 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees 
#68 Diabetes Mellitus Type 2  
#69 Diabetes Mellitus Type II  
#70 DM type 2  
#71 DM type II  
#72 Type 2 Diabetes  
#73 Type II Diabetes  
#74 Diabetes Type II  
#75 Diabetes Type 2  
#76 T2DM  
#77 DMT2  
#78 [33-#77] 
#79 #66 and #78 from 2010 
 
B.1.2 Full details of searches and terms 
 
Stage 2: Systematic literature review – update from identified reviews 
 
BENNETT ET AL., 2011 UPDATE 
 
OVID MEDLINE (R)  
 
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and 
Ovid MEDLINE(R) 1946 to 11th March 2014 
  
ID Search  
1. exp thiazolidinediones/ or exp glipizide/ or exp glyburide/ or exp metformin/ or exp 

acarbose/ or (thiazolidinedione or pioglitazone or rosiglitazone or sulfonylurea* or 
sulphonylurea* or glipizide or glyburide or glimepiride or glibenclamide or biguanide* 
or metformin or insulin secretagogues or meglitinide* or repaglinide or nateglinide or 
alpha-glucosidase inhibitors or alpha-glucosidase inhibitor or acarbose or Dipeptidyl-
Peptidase IV Inhibitors or sitagliptin* or saxagliptin* or dpp-4 or dpp-iv or liraglutide or 
exenatide or bromocriptine or colesevelam).ti,ab. or exp bromocriptine/ or exp 
Glucagon-Like Peptide 1/  

2. limit 1 to yr="2010 -Current" 
3. exp insulin/ or (long acting insulin* or long acting analog* or slow* acting insulin* or 

slow* acting analog* or nph insulin or humulin or novolin or glargine or Lantus or 
Optisulin or hoe 901 or 160337-95-1 or detemir or determir or Levemir or nn 304 or 
169148-63-4 or 11061-68-0 or Lispro or Lyspro or Humalog or Liprolog or 133107-
64-9 or Insulin Aspart or 116094-23-6 or NovoLog or NovoRapid or NovoMix or 
Glulisine or 207748-29-6 or Apidra).ti,ab,rn. or (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. 

4.  limit 3 to yr="2002 -Current" 
5. (exp Diabetes Mellitus, Type 2/ or (diabet* and (non-insulin dependent or type-2 or 
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type II or type 2)).ti,ab.) and English.lg.  
6. (Randomized Controlled Trial.pt. or exp Randomized Controlled Trials as Topic/ or 

exp Randomized Controlled Trial/ or RCT*.mp.) not (exp animal/ not exp human/) 
[mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 

7. 2 or 4 
8. 5 and 6 and 7 
 
THE COCHRANE LIBRARY 
 
Search conducted on the 11th March 2014 
 
ID Search  
#1 MeSH descriptor: [Metformin] explode all trees 
#2 MeSH descriptor: [Sulfonylurea Compounds] explode all trees 
#3 thiazolidinedione* or pioglitazone or rosiglitazone or sulfonylurea* or sulphonylurea* 

or glipizide or glyburide or glimepiride or glibenclamide or biguanide* or metformin or 
"insulin secretagogues" or meglitinide* or repaglinide or nateglinide or "alpha-
glucosidase inhibitors" or "alpha-glucosidase inhibitor" or acarbose or "Dipeptidyl-
Peptidase IV Inhibitors" or saxagliptin* or sitagliptin* or liraglutide or exenatide or 
bromocriptine or colesevelam  

#4 (diabetes near type-2) or (diabet*:ti,ab,kw and ("non-insulin dependent":ti,ab,kw or 
type-2:ti,ab,kw or "type II":ti,ab,kw or "type 2":ti,ab,kw))  

#5 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees 
#6 (#1 or #2 or #3) Publication Year from 2010 
#7 #4 or #5  
#8 MeSH descriptor: [Insulin, Short-Acting] explode all trees 
#9 MeSH descriptor: [Insulin, Regular, Human] explode all trees 
#10 MeSH descriptor: [Insulin, Long-Acting] explode all trees 
#11 MeSH descriptor: [Insulin, Regular, Pork] explode all trees 
#12 Aspart or Lispro or Glulisine or Insulin Neutral or Detemir or Glargine or Isophane or 

NPH or neutral protamine Hagedorn  
#13 Novorapid or NovoMix or Humalog or Apidra or Actrapid or Humulin or Levemir or 

Lantus or Protaphane or Mixtard or Hypurin Neutral  
#14 [101-#13] Publication Year from 2002 
#15  (#6 or #14) and #7 in Trials 
 
BERHAN 2013 (SGLT-2 INHIBITORS) UPDATE 
 
OVID MEDLINE (R)  
 
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and 
Ovid MEDLINE(R) 1946 to 11th March 2014 
 
ID Search  
1  ((exp Sodium-Glucose Transporter 2/ai or (SGLT2 Inhibitor* or Sodium-glucose co-

transporter-2 inhibitor* or Sodium-glucose transporter-2 inhibitor* or Canagliflozin or 
Dapagliflozin or Invokana or Forxiga or Farxiga).mp.) and (exp Diabetes Mellitus, 
Type 2/ or (diabet* and (non-insulin dependent or type-2 or type II or type 2)).ti,ab.) 
and English.lg. and (Randomized Controlled Trial.pt. or exp Randomized Controlled 
Trials as Topic/ or exp Randomized Controlled Trial/ or RCT*.mp.)) not (exp animal/ 
not exp human/)  

2  limit 1 to yr="2013 -Current" 
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THE COCHRANE LIBRARY 
 
Search conducted on the 11th March 2014 
   
ID Search  
#1 SGLT2 Inhibitor* or Sodium-glucose co-transporter-2 inhibitor* or Sodium-glucose 

transporter-2 inhibitor* or Canagliflozin or Dapagliflozin or Invokana or Forxiga or 
Farxiga  

#2 (diabetes near type-2) or (diabet*:ti,ab,kw and ("non-insulin dependent":ti,ab,kw or 
type-2:ti,ab,kw or "type II":ti,ab,kw or "type 2":ti,ab,kw))  

#3 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees 
#4 (#1) and (#2 or #3) from 2013, in Trials 
 
 
MONAMI 2010 (DPP-4 INHIBITORS) UPDATE 
 
OVID MEDLINE (R)  
 
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and 
Ovid MEDLINE(R) 1946 to 11th March 2014 
 
ID Search  
1.  ((exp Dipeptidyl-Peptidase IV Inhibitors/ or (Alogliptin or Sitagliptin or Saxagliptin or 

Linagliptin or Vildagliptin or Nesina or Juvicor or Januvia or Janumet or Onglyza or 
Kombiglyze or Trajenta or Trajentamet or Galvus or Galvumet or Dipeptidyl-
Peptidase IV Inhibitor* or Dipeptidyl-Peptidase 4 Inhibitor*or DPP-4 inhibitor* or 
DPP4 inhibitor* or DPP-IV inhibitor* or DPPIV inhibitor*).mp.) and (exp Diabetes 
Mellitus, Type 2/ or (diabet* and (non-insulin dependent or type-2 or type II or type 
2)).ti,ab.) and English.lg. and (Randomized Controlled Trial.pt. or exp Randomized 
Controlled Trials as Topic/ or exp Randomized Controlled Trial/ or RCT*.mp.)) not 
(exp animal/ not exp human/) 

2.  limit 1 to yr="2008 -Current" 
 
THE COCHRANE LIBRARY 
 
Search conducted on the 11th March 2014 
 
ID Search  
#1 MeSH descriptor: [Dipeptidyl-Peptidase IV Inhibitors] explode all trees 
#2 Alogliptin or Sitagliptin or Saxagliptin or Linagliptin or Vildagliptin or Nesina or Juvicor 

or Januvia or Janumet or Onglyza or Kombiglyze or Trajenta or Trajentamet or 
Galvus or Galvumet or Dipeptidyl-Peptidase IV Inhibitor* or Dipeptidyl-Peptidase 4 
Inhibitor*or DPP-4 inhibitor* or DPP4 inhibitor* or DPP-IV inhibitor* or DPPIV 
inhibitor*  

#3 (diabetes near type-2) or (diabet*:ti,ab,kw and ("non-insulin dependent":ti,ab,kw or 
type-2:ti,ab,kw or "type II":ti,ab,kw or "type 2":ti,ab,kw))  

#4 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees 
#5 (#1 or #2) and (#3 or #4) from 2008, in Trials 
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B.1.7 Statistical Analyses 
 
Figure 41: HbA1c.do file for network analysis in STATA 

  



Type 2 Diabetes review – ToR 4 

Centre for Applied Health Economics, Griffith University  92 
 

 

B.3 RESULTS – DUAL THERAPY 
 
B.3.2 Assessment of bias – DUAL THERAPY 
 
Table 28: Assessment of bias, dual therapy trials 

 
Yoon  
2011 

SELECTION BIAS 
1.1   Random sequence generation - biased allocation to interventions due to inadequate randomisation  ? 
Brief description and reason: Trial does not specify how randomisation occurred. 
1.2   Allocation concealment - biased allocation to interventions due to inadequate concealment of 
allocations prior to assignment 

? 

Brief description and reason: Trial does not specify procedures. 
PERFORMANCE BIAS 
2.1   Blinding of participants and personnel - performance bias due to knowledge of the allocated 
interventions by participants and personnel during the study 

Low 

Brief description and reason: Trial was double-blinded with participants and investigators blinded to interventions. 
DETECTION BIAS 
3.1   Blinding of outcome assessment - detection bias due to knowledge of the allocated interventions by 
outcome assessors 

Low 

Brief description and reason: Assessors were blinded.  
ATTRITION BIAS 
4.1   Incomplete outcome data - attrition bias due to amount, nature or handling or incomplete outcome 
data. 

High 

Brief description and reason: LOCF was used to handle incomplete data. Differing levels of attrition between treatment 
arms increases the risk of bias. 
REPORTING BIAS 
5.1   Selective reporting - reporting bias due to selective outcome reporting Low 
Brief description and reason: Trial register number provided and reported outcomes matched those in the register.  
OTHER BIAS 
6.1   Bias due to problems not covered above – e.g. study has been claimed to be fraudulent ? 
Brief description and reason: Funded by a pharmaceutical company, risk of bias is unclear. 
LOCF = last observation carried forward; ? = unclear 
 

B.3.3 Trial characteristics – DUAL THERAPY 
 
Table 29: Key features of the dual therapy trials 

Trial N Recruitment Centres 
Design/ 
duration 

Risk of 
bias 

Patient population 
Age HbA1c BMI Other 

TZD vs. TZD + DPP-4 inhibitors 
Yoon 2011 520 2006-2008 60 sites R, DB, PC 

6 months 
High ≥ 18 8.0-12.0% - Drug naïve 

patients 
BMI = body mass index; DB = double blind; DPP-4 = dipeptidyl peptidase-4; HbA1c = glycated haemoglobin; PC = placebo controlled; R = 
randomised; TZD = thiazolidinedione 

 
Table 30: Eligibility criteria in the dual therapy trials 
Trial Inclusion criteria Exclusion criteria 
TZD vs. TZD + DPP-4 inhibitors 
Yoon 
2011 

- ≥ 18 years. 
- HbA1c of 8.0 - 12.0%. 
- No treatment with an OAD prior to screening (< 4 weeks 
cumulative in the prior 2 years and none within 4 months of 
screening). 

- T1DM. 
- Fasting finger stick glucose level of 130 - 320 mg/dL 
(7.2 - 17.8 mmol/L). 
- Unstable CVD, significant renal impairment (CrCl < 
60 mL/min) or elevated alanine aminotransferase.   

CrCl = creatinine clearance; CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; HbA1c = glycated haemoglobin; OAD = oral 
antidiabetic drug; T1DM = type 1 diabetes mellitus; TZD = thiazolidinedione 
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B.3.4 Baseline characteristics – DUAL THERAPY 
 
Table 31: Key baseline characteristics from the dual therapy trial TZD vs. TZD + DPP-4 inhibitors – Yoon 2011 
  PIO + SIT PIO + PBO 
Trial duration 6 months 
N 520 
n 261 259 
Male; n (%) 137 (53%) 145 (56%) 
Race 
   Asian; n (%) 
   Black; n (%) 
   White; n (%) 
   Other; n (%) 

 
85 (33%) 
11 (4%) 

138 (53%) 
27 (10%) 

 
83 (32%) 
8 (3%) 

134 (52%) 
34 (13%) 

Age, mean; years (SD) 50.2 (10.2) 51.7 (11.7) 
Weight, mean; kg (SD) 80.1 (17.4) 80.4 (17.8) 
BMI, mean; kg/m2 (SD) 29.7 (5.1) 29.6 (5.2) 
Duration of diabetes, mean; years (SD) 2.6 (4.3) 2.1 (3.9) 
HbA1c, mean; % (SD) 9.5% (1.2) 9.5% (1.2) 
BMI = body mass index; HbA1c = glycated haemoglobin; INS = insulin; PBO = placebo; PIO = pioglitazone; SD = standard deviation; TZD 
= thiazolidinedione 
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B.4 RESULTS – TRIPLE THERAPY 
 
B.4.2 Risk of bias – TRIPLE THERAPY 
 
Table 32: Assessment of bias, triple therapy trials 
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SELECTION BIAS 
1.1   Random sequence generation - biased allocation to 
interventions due to inadequate randomisation  

High Low ? ? ? Low Low Low Low Low Low Low ? Low ? ? Low Low Low ? Low 

Brief description and reason: Bosi 2011, Dailey 2004, DeFronzo 2012, Kendall 2005, Owens 2011, Rosenstock 2006 and Yang 2013 did not specify how randomisation occurred. Al-Shaikh 
2006 stated it was randomised in the abstract, however there was no mention of randomisation in the methods. In the other trials, central randomisation mostly occurred.  
1.2   Allocation concealment - biased allocation to interventions due 
to inadequate concealment of allocations prior to assignment 

High Low ? ? ? Low Low Low Low Low Low Low ? Low ? ? Low Low Low ? Low 

Brief description and reason: Central randomisation through voice or web based response systems occurred in most trials. Al-Shaikh 2006, Bosi 2011, Dailey 2004, DeFronzo 2012, Kendall 
2005, Owens 2011, Rosenstock 2006 and Yang 2013 provided no information on the randomisation processes used. 
PERFORMANCE BIAS 
2.1   Blinding of participants and personnel - performance bias 
due to knowledge of the allocated interventions by participants and 
personnel during the study 

? High Low Low Low Low High High High Low High Low High High Low High Low Low High High High 

Brief description and reason: Al-Shaikh 2006 provided no information about trial design. Bergenstal 2009, DeVries 2012, Esposito 2008, Janka 2005, Heine 2005, Holman 2007, Nauck 2007,  
Rosenstock 2006, Strojek 2009, Yang 2013 and Zinman 2012 are open-label trials in which the participants and personnel are unblinded to treatment allocation. Bosi 2011, Dailey 2004, 
DeFronzo 2012, DeRosa 2013, Hermansen 2007, Kendall 2005, Owens 2011, Russell-Jones 2009 and Schernthaner 2013 are double-blind trials in which participants and personnel are 
blinded to treatment allocation. 
DETECTION BIAS 
3.1   Blinding of outcome assessment - detection bias due to 
knowledge of the allocated  interventions by outcome assessors 

? High Low Low Low Low High High High Low High High Low High Low High Low Low High High High 

Brief description and reason: Al-Shaikh 2006 provided no information. None of the open-label trials provided information on whether assessors were blinded, therefore it is assumed that they 
were not. The double-blinded trials often cited that investigators were blinded and that central laboratories were used in which the technicians were also blinded. 
ATTRITION BIAS 
4.1   Incomplete outcome data - attrition bias due to amount, nature 
or handling or incomplete outcome data. 

? High Low High High Low High Low High Low Low High High High High Low Low High Low Low Low 
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Brief description and reason: Al-Shaikh 2006 provided no information on how incomplete outcome data was handled, but did state that there were no losses from the treatment arms. In the 
majority of the trials LOCF was used to handle incomplete outcome data. Bergenstal 2009, Dailey 2004, DeFronzo 2012, DeVries 2012, Janka 2012, Heine 2005, Kendall 2005, Nauck 2007 
and Owens 2011 had differing levels of attrition between treatment arms increasing the risk of bias. Schernthaner 2013 had high levels of attrition in both trial arms. 
REPORTING BIAS 
5.1   Selective reporting - reporting bias due to selective outcome 
reporting 

? Low Low ? Low ? Low Low Low Low Low ? ? Low Low ? Low Low Low Low Low 

Brief description and reason: Most trials provided a trial register number and the outcomes reported matched those in the register. Those with an unclear risk did not provide register details. 
OTHER BIAS 
6.1   Bias due to problems not covered above – e.g. study has 
been claimed to be fraudulent 

High ? ? ? ? Low ? Low ? ? ? ? ? ? ? ? ? ? ? ? ? 

Brief description and reason: Al-Shaikh 2006 provided no information on trial design or the processes used. The majority of trials were sponsored by pharmaceutical companies, making the 
risk of bias unclear. Only DeRosa 2013 and Esposito 2008 were not funded by pharmaceutical companies. 
LOCF = last observation carried forward; ? = unclear 
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B.4.3 Trial characteristics – TRIPLE THERAPY 
 
Table 33: Key features of the triple therapy trials 

Trial N Recruitment Centres 
Design/ 
duration 

Risk of 
bias 

Patient population 
Age HbA1c BMI Other 

MET + SU vs. MET + SU + DPP-4 inhibitors 
Hermansen 
2007 

441 2009-2010 N. America 
S. America 
Europe 

R, DB, PC 
6 months 

Low 18-75 7.5-10.5% -  

Owens 2011 1,055 2008-2009 N. America 
S. America 
E. Europe 
Asia 
Middle East 

R, DB, PC 
6 months 

Unclear 18-80 7.0-10.1% ≤ 40 kg/m2  

MET + SU vs. MET + SU + TZD 
Dailey 2004 365 NR N. America R, DB, PC 

6 months 
Unclear 20-78 7.0-10.0% 23-40 kg/m2  

MET + SU vs. MET + SU + GLP-1 receptor agonists 
Kendall 2005 733 2002-2003 N. America R, DB, PC 

7 months 
High 22-77 7.5-11.0% 27-45 kg/m2 FPG < 13.3 

mmol/L 
MET + SU vs. MET + SU + GLP-1 receptor agonists vs. MET + SU + INS 
Russell-Jones 
2009 

581 
 

2006-2007 N. America 
S. America 
W. Europe 
Asia 

R, DB, PC 
6 months 

Low 18-80 7.5-10.0% ≤ 45 kg/m2  

MET + SU + INS vs. MET + SU + INS 
Al-Shaikh 
2006 

221 NR Middle East R 
6 months 

High - > 8.0% -  

Esposito 2008 116 2007-2008 W. Europe R, OL 
8 months 

Unclear 30-70 7.5-10.0% ≤ 40 kg/m2 FPG > 6.7 
mmol/L 

Holman 2007 708 2004-2006 W. Europe R, OL 
12 months 

Unclear ≥ 18 7.0-10.0% ≤ 40 kg/m2 Insulin naive 

Janka 2005 371 NR NR R, OL 
6 months 

Unclear 35-75 7.5-10.5% ≤ 35 kg/m2 FBG > 
6.7mmol/L 

Strojek 2009 469 2007 S. America 
W. Europe 
E. Europe 
Asia 
Africa 

R, OL 
6 months 

Unclear ≥ 18 7.0-11.0% ≤ 40 kg/m2  

Yang 2013 521 2010-2011 Asia R, OL 
6 months 

High 20-80 7.0-10.0% ≤ 40 kg/m2 Insulin naïve 

MET + SU + TZD vs. MET + SU + INS 
Rosenstock 
2006 

216 NR N. America R, OL 
6 months 

High ≥ 18 7.5-11.0% ≥ 25 kg/m2 Insulin naive 

MET + SU + GLP-1 receptor agonists vs. MET + SU + INS 
Bergenstal 
2009 

372 2005-2006 N. America R, OL 
6 months 

Unclear 18-80 ≥ 8.0% - Insulin naive 

Heine 2005 549 2003-2004 Australia 
N. America 
S. America 
W. Europe 

R, OL 
6 months 

Unclear 30-75 7.0-10.0% 25-45 kg/m2  

Nauck 2007 501 2003-2005 W. Europe 
E. Europe 
Asia 

R, OL 
12 months 

Unclear 30-75 7.0-11.0% 25-40 kg/m2  

MET + SU + DPP-4 inhibitors vs. MET + SU + SGLT2 inhibitors 
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Trial N Recruitment Centres 
Design/ 
duration 

Risk of 
bias 

Patient population 
Age HbA1c BMI Other 

Schernthaner 
2013 

755 2010-2012 NZ 
N. America 
S. America 
W. Europe 
E. Europe 
Asia 
Middle East 

R, DB 
12 months 

High ≥ 18 7.0-10.5% -  

MET + TZD vs. MET + TZD + DPP-4 inhibitors 
Bosi 2011 803 2007-2009 N. America R, DB 

12 months 
Low 18-80 7.0-10.0% 23-45 kg/m2  

DeFronzo 
2012 

1,554 2006-2008 Australia 
NZ 
N. America 
S. America 
C. America 
W. Europe 
E. Europe 
Asia 
Africa 
Middle East 

R, DB, PC 
6 months 

Unclear 18-80 7.5-10.0% 23-45 kg/m2 Fasting C 
peptide > 0.26 
nmol/L 

MET + TZD + SU vs. MET + TZD + DPP-4 inhibitors 
DeRosa 2013 453 NR W. Europe R, DB 

12 months 
Low ≥ 18 ≥ 8.0% 25-30kg/m2 MET in year 

1; MET + PIO 
in year 2  

MET + DPP-4 inhibitors + INS vs. MET + DPP-4 inhibitors + INS 
Zinman 2012 1,030 2009-2010 N. America 

W. Europe 
E. Europe 

R, OL 
12 months 

Unclear ≥ 18 7.0-10.0% ≤ 40 kg/m2 Insulin naïve 
 

MET + GLP-1 receptor agonists vs. MET + GLP-1 receptor agonists + INS 
DeVries 2012 323 2009-2010 N. America 

W. Europe 
R, OL 
6 months 

Unclear 18-80 7.0-10.0% - Insulin naïve 

BMI = body mass index; C = Central; DB = double blind; DPP-4 = dipeptidyl peptidase-4; E = Eastern; FBG = fasting blood glucose; FPG 
= fasting plasma glucose; GLP-1 = glucagon-like peptide-1; HbA1c = glycated haemoglobin; INS = insulin; MET = metformin; N = North; 
NR = not reported; NZ = New Zealand; OL = open label; PC = placebo controlled; PIO = pioglitazone; R = randomised; S = South; SGLT2 
= sodium glucose co-transporter 2; SU = sulfonylurea; TZD = thiazolidinedione; W = Western 
 
Table 34: Eligibility criteria in the triple therapy trials 
Trial Inclusion criteria Exclusion criteria 
MET + SU vs. MET + SU + DPP-4 inhibitors 
Hermansen 
2007 

- 18 - 75 years. 
- Patients had to be either: 
(i) Taking glimepiride alone (at any dose) or in 
combination with MET (at any dose); or 
(ii) Taking another OAD in mono-, dual- or triple-
therapy; or 
(iii) Not taking any OADs in the 8 weeks prior to 
screening. 

- T1DM. 
- Treated with INS within 8 weeks of screening. 
- Renal dysfunction (CrCl < 45 mL/min or < 60 mL/min if on 
MET). 

Owens 2011 - 18 - 80 years. 
- HbA1c of 7.0 - 10.0%. 
- BMI ≤ 40 kg/m2. 
- Treated with MET (≥ 1,500 mg/day, or the 
maximum tolerated daily dose) and an SU 
(maximum tolerated dose) at stable doses for > 
10 weeks prior to screening. 

- A clinical condition that would interfere with participation 
and safety. 
- MI, stroke or transient ischaemic attack within 6 months of 
screening. 
- Impaired hepatic function, renal failure or impairment, 
acute or chronic metabolic acidosis, hereditary galactose 
intolerance. 
- Pregnancy or breastfeeding. 
- Treatment with other antidiabetic agents within 3 months 
of screening. 

MET + SU vs. MET + SU + TZD 
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Trial Inclusion criteria Exclusion criteria 
Dailey 2004 - 20 - 78 years. 

- HbA1c of 7.0 - 10.0%.  
- BMI of 23-40 kg/m2. 
- Treated with a stable dose of OAD for 8 weeks 
prior to screening. 

- Uncontrolled diabetes (HbA1c > 10%). 
- Polyuria and polydipsia with > 10% weight loss. 
- Renal dysfunction, abnormal liver function, anaemia, 
clinically substantial CVD or psychiatric disease, or long-
term insulin therapy. 

MET + SU vs. MET + SU + GLP-1 receptor agonists 
Kendall 2005 - 22 - 77 years. 

- HbA1c of 7.5 - 11.0%. 
- BMI of 27 - 45 kg/m2; Stable weight. 
- Treatment with MET (≥ 1,500 mg/day) and a 
SU (maximally effective dose) for ≥ 3 months 
prior to screening. 
- FPG < 13.3 mmol/L. 
- No clinically relevant abnormal laboratory test 
values. 
- Females were postmenopausal, surgically 
sterile or using contraceptives. 

- Other clinically significant medical conditions. 
- Use of TZDs, meglitinides, α-glucosidase inhibitors, 
exogenous INS or weight loss drugs in the prior 3 months. 
- Therapy with corticosteroids, drugs that effect GIT 
motility, transplantation medication or any investigational 
drug. 

MET + SU vs. MET + SU + GLP-1 receptor agonists vs. MET + SU + INS 
Russell-
Jones 2009 

- 18 - 80 years. 
- HbA1c of 7.5 - 10.0% if on OAD monotherapy or 
7.0 - 10.0% if on OAD combination therapy. 
- BMI ≤ 45 kg/m2. 

- INS use with 3 months prior to screening. 
- Impaired hepatic or renal function, clinically significant 
CVD, proliferative retinopathy or maculopathy, 
hypertension, cancer, pregnancy, recurrent hypoglycaemia 
or hypoglycaemia unawareness, hepatitis B, hepatitis C or 
use of mediations (other than OADs) that could affect blood 
glucose levels. 

MET + SU + INS vs. MET + SU + INS 
Al-Shaikh 
2006 

- HbA1c > 8.0% despite OADs (maximum doses 
of MET and SUs) for ≥ 3 months. 
- FBG > 140 mg/dL. 

- Chronic renal failure, severe CVD. 
- > 70 years. 

Esposito 
2008 

- Duration of known T2DM > 2 years. 
- 30 - 70 years. 
- BMI of 7.5 - 10.0%. 
- Stable doses of MET and SU for > 90 days. 
- FPG ≥ 6.7 mmol/L (≥ 120 mg/dL). 

- Previous use of INS, other OADs or triple OAD therapy 
within the previous 6 months. 
- Any investigational drug within the previous 3 months. 
- Sight-threatening retinopathy, use of agents that affect 
glycaemic control, hypoglycaemic unawareness, recurrent 
or major hypoglycaemia, hypertension, any clinically 
relevant somatic or mental disease. 
- Positive test for anti-glutamic acid decarbosylase 
antibody. 
- Fasting plasma C-peptide < 0.76 ng/L. 
- Abnormal laboratory test results for liver enzymes, serum 
creatinine levels > 124 µmol/L, history of drug abuse. 
- Pregnancy or breastfeeding. 

Holman 2007 - Duration of known T2DM > 12 months. 
- ≥ 18 years 
- HbA1c of 7.0 - 10.0% 
- BMI ≤ 40 kg/m2. 
- INS naïve. 
- Treated with maximally tolerated doses of MET 
and SU for at least > 4 months (or one agent if 
the other was not tolerated). 

- History of TZD therapy or triple OADs within the previous 
6 months. 
- Sight-threatening retinopathy, plasma creatinine level > 
130 µmol/L, CVD, hepatic disease or an elevated alanine 
aminotransferase level, hypoglycaemia unawareness, 
recurrent major hypoglycaemia, hypertension, likelihood of 
pregnancy. 

Janka 2005 - Duration of known T2DM > 12 months. 
- 35 - 75 years. 
- HbA1c of 7.5 - 10.5%. 
- BMI ≤ 35 kg/m2. 
- Treated with a stable dose of MET and SU for > 
1 month. 
- FBG ≥ 6.7 mmol/L (120 mg/dL). 

- Any additional use of other OADs or prior use of INS 
exceeding 3 days. 
- History of ketoacidosis. 
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Trial Inclusion criteria Exclusion criteria 
Strojek 2009 - ≥ 18 years. 

- HbA1c of 7.0 - 11.0%. 
- BMI ≤ 40 kg/m2. 
- INS naïve. 
- Treated with OAD combination treatment with 
no more than 3 different OADs for > 6 months 
prior to the trial (OADs must have included MET 
and an INS secretagogue for > 2 months prior to 
the trial, at doses of at least half their maximal 
dose). 

- Treated with TZDs during the preceding 5 months. 
- Hypoglycaemia unawareness or recurrent major 
hypoglycaemia, serious heart disease, renal disease or 
serious haematological or biochemical abnormalities. 
- Pregnancy or breastfeeding. 
- Use of any drugs that might interfere with the trial. 

Yang 2013 - 20 - 80 years. 
- HbA1c of 7.0 - 10.0%. 
- BMI ≤ 40 kg/m2. 
- INS naïve.   
- Patients poorly controlled on a combination of 
MET and insulin secretagogue (or with a 
maximum of one more OAD) for 6 months. 
- FPG ≥ 6.1 mmol/L. 

- Previous treatment with TZD or GLP-1 receptor agonists 
during the preceding 3 months. 
- Any cancer (except basal/squamous cell) within the 
preceding 5 years, cardiac disease, severe hypertension, 
impaired hepatic function, impaired kidney function, or 
known hypoglycaemia unawareness or recurrent major 
hypoglycaemia. 

MET + SU + TZD vs. MET + SU + INS 
Rosenstock 
2006 

- 18 - 70 years. 
- HbA1c of 7.5 - 11.0%. 
- Drug naïve patients (no more than a short-term 
course of OADs (≤ 15 days) in the 12 weeks prior 
to screening). 
- Inadequate glycaemic control on diet and 
exercise alone. 

- Clinically significant renal, hepatic or haematological 
disease, uncontrolled hypertension, use of corticosteroids, 
CVD, use of an investigational agent within 30 days of the 
study, history of severe oedema, metabolic acidosis or 
diabetic ketoacidosis. 

MET + SU + GLP-1 receptor agonists vs. MET + SU + INS 
Bergenstal 
2009 

- Duration of known T2DM > 6 months. 
- 18 - 80 years. 
- HbA1c ≥ 8.0%. 
- Treated with MET (> 1,500 mg/day) and a SU 
(> half the maximal dose) for 3 months prior to 
screening. 
- INS naïve.  

- Significant CVD, hepatic or renal insufficiency. 
- Use of TZDs, α-glycosidase inhibitors or meglitinides 
within 6 months. 
- History of an eating disorder or receiving treatment with a 
weight-reducing diet. 

Heine 2005 - 30 - 75 years. 
- HbA1c of 7.0 - 10.0%. 
- BMI of 25 - 45 kg/m2; Stable body weight (> 3 
months). 
- Treated with stable and maximally effective 
doses of MET and a SU for > 3 months before 
screening. 

- Participation in an interventional medical, surgical or 
pharmaceutical study with previous 30 days. 
- > 3 episodes of hypoglycaemia with 6 months prior to 
screening. 
- Undergoing therapy for malignant disease (except 
basal/squamous cell carcinoma). 
- CVD, serum creatinine concentration of > 135 µmol/L for 
men or > 110 µmol/L for women. 
- Long-term use of systemic glucocorticoid therapy or use 
of a prescription medication to promote weight loss within 
previous 3 months. 
- Treatment with INS (> 2 consecutive weeks), TZDs, α-
glucosidase inhibitors or meglitinides within 3 months. 

Nauck 2007 - 30 - 75 years. 
- HbA1c of 7.0 - 11.0%. 
- BMI of 25 - 40 kg/m2; Stable body weight (> 3 
months). 
- Suboptimal glycaemic control despite receiving 
optimally effective doses of MET and an SU for > 
3 months. 

- > 3 episodes of hypoglycaemia in the 6 months prior to 
screening. 
- Use of prescription drugs to promote weight loss within 
previous 3 months. 
- Treated with INS, TZDs, α-glucosidase inhibitors or 
meglitinides for > 2 weeks within previous 3 months. 

MET + SU + DPP-4 inhibitors vs. MET + SU + SGLT2 inhibitors 
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Trial Inclusion criteria Exclusion criteria 
Schernthaner 
2013 

- ≥ 18 years. 
- HbA1c of 7.0 - 10.5%. 
- Treated with stable and maximally effective 
doses of MET and a SU. 
- FPG < 16.7 mmol/L. 

- CVD or uncontrolled hypertension. 
- Treated with any other OADs within 12 weeks of 
screening. 
- Serum creatinine ≥ 124 µmol/L (men) and ≥ 155 µmol/L 
(women). 

MET + TZD vs. MET + TZD + DPP-4 inhibitors- 
Bosi 2011 - 18 - 80 years. 

- Inadequate glycaemic control defined as: 
(i) HbA1c of 7.0 - 10.0% on MET (1,500mg or 
maximally tolerated dose) and PIO 30mg for > 2 
months prior to screening; or 
(ii) HbA1c of 7.5% on MET and another OAD 
(excluding PIO or DPP-4 inhibitors) and 
subsequently a HbA1c of 7.0 - 10.0% after 
switching and stabilization with MET and PIO 30 
mg for 16 weeks. 
- BMI of 23 - 45 kg/m2. 
- FPG < 15.3 mmol/L.  
- Fasting plasma C-peptide ≥ 0.26 nmol/L. 
- < 7 days of antidiabetic therapy (other than 
metformin and pioglitazone) within 2 months of 
screening. 
- BP of < 160/100 mmHg. 

- CVD or any other severe disease. 

DeFronzo 
2012 

- 18 - 80 years. 
- HbA1c of 7.5 - 10.0% after stabilization period. 
- BMI of 23 - 45 kg/m2. 
- Inadequate glycaemic control despite MET 
monotherapy (>1,500 mg/day) for > 2 months. 
- Fasting C-peptide ≥ 0.26 nmol/L 
- BP of < 160/100 mmHg. 

- Oral of systemic glucocorticoids or weight loss drugs 
within 3 months of screening. 
- Urine albumin/creatinine ratio > 113 mg/mmol, history of 
laser treatment for proliferative retinopathy within 6 months, 
treated diabetic gastroparesis or CVD. 

MET + TZD + SU vs. MET + TZD + DPP-4 inhibitors 
DeRosa 
2013 

- > 18 years. 
- HbA1c > 8.0%. 
- BMI of 25 - 30 kg/m2. 
- Naïve to treatment. 

- History of ketoacidosis, rapidly progressive diabetic 
retinopathy, nephropathy or neuropathy, impaired hepatic 
or renal function, severe anaemia or severe CVD. 
- Pregnancy or breastfeeding. 

MET + DPP-4 inhibitors + INS vs. MET + DPP-4 inhibitors + INS 
Zinman 2012 
Rodbard 
2013 

- Duration of known diabetes ≥ 6 months.  
- ≥ 18 years. 
- HbA1c of 7.0 - 10.0%. 
- BMI ≤ 40 kg/m2. 
- Treated with unchanged doses and dosing 
frequency of OADs (MET monotherapy or MET in 
any combination with INS secretagogues or α-
glucosidase-inhibitor) for > 3 months prior to 
screening. 

- Treatment with TZDs, EXN or LIR within 3 months of 
screening. 
- Clinically significant CVD, hepatic, renal or oncologic 
disease, recurrent severe hypoglycaemia or hypoglycaemic 
unawareness or proliferative retinopathy. 

MET + GLP-1 receptor agonists vs. MET + GLP-1 receptor agonists + INS 
DeVries 
2012 

- 18 - 80 years. 
- HbA1c of 7.0 - 10.0% with ≥ 1,500 mg/day MET, 
or 7.0 - 8.5% with MET and an SU at ≤ half the 
maximum approved dose. 
- INS naïve. 

- Treatment with other OADs in the 3 months prior to 
screening. 
- Impaired liver or renal function, pancreatitis, CVD, 
retinopathy or maculopathy, cancer (except 
basal/squamous cell). 
- Recurrent major hypoglycaemia or hypoglycaemic 
unawareness. 
- Pregnancy or breastfeeding. 

Abbreviations: BMI = body mass index; BP = blood pressure; CrCl = creatinine clearance; CVD = cardiovascular disease; DPP-4 = 
dipeptidyl peptidase-4; EXN = exenatide; FBG = fasting blood glucose; FPG = fasting plasma glucose; GIT = gastrointestinal tract; GLP-1 
= glucagon-like peptide-1; HbA1c = glycated haemoglobin; INS = insulin; LIR = liraglutide; MET = metformin; MI = myocardial infarction; 
OAD = oral antidiabetic drug; PIO = pioglitazone; SGLT2 = sodium glucose co-transporter 2; SU = sulfonylurea; T1DM = type 1 diabetes 
mellitus; T2DM = type 2 diabetes mellitus; TZD = thiazolidinedione 
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B.4.4 Baseline characteristics – TRIPLE THERAPY 
 
Table 35: Key baseline characteristics from the triple therapy trials 
 
 
 
 
 
 

MET + SU vs. 

MET + SU + DPP-4 inhibitors MET + SU + TZD MET + SU + GLP-1-RAs 
MET + SU + GLP-1-RAs  

vs. MET + SU + INS 
Hermansen 2007 Owens 2011 Dailey 2004 Kendall 2005 Russell-Jones 2009 

SU + SIT 
MET + SU 

+ SIT 
SU + PBO 

MET + SU 
+ PBO 

MET + SU 
+ LIN 

MET + SU 
+ PBO 

MET + SU 
+ ROS 

MET + SU 
+ PBO 

MET + SU 
+ EXN 5 

MET + SU 
+ EXN 10 

MET + SU 
+ PBO 

MET + SU 
+ LIR 

MET + SU 
+ INS Gla 

MET + SU 
+ PBO 

Trial duration 6 months 6 months 6 months 7 months 6 months 
N 441 1,055 365 733 581 
n 106 116 106 113 792 263 181 184 245 241 247 232 234 115 
Male; n (%) 56 (53%) 61 (53%) 58 (55%) 59 (52%) 371 (47%) 127 (48%) 105 (58%) 112 (61%) 145 (59%) 143 (59%) 138 (56%) 132 (57%) 140 (60%) 56 (49%) 
Race 
   Asian; n (%) 
   Black; n (%)  
   White; n (%) 
   Other; n (%) 

 
6 (6%) 
7 (7%) 

61 (58%) 
32 (30%) 

 
16 (14%) 
3 (3%) 

75 (65%) 
22 (19%) 

 
12 (11%) 
3 (3%) 

59 (56%) 
32 (30%) 

 
13 (12%) 
9 (8%) 

81 (72%) 
10 (9%) 

 
404 (51%) 

6 (1%) 
376 (47%) 

6 (1%) 

 
141 (54%) 

2 (1%) 
116 (44%) 

4 (2%) 

 
- 

8 (4%) 
139 (77%) 
34 (19%) 

 
- 

20 (11%) 
130 (71%) 
34 (18%) 

 
7 (3%) 

25 (10%) 
169 (69%) 
44 (18%) 

 
7 (3%) 

28 (12%) 
160 (66%) 
46 (19%) 

 
4 (2%) 

30 (12%) 
167 (68%) 
46 (19%) 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

Age, mean; years (SD) 54.4 (10.3) 56.6 (8.8) 55.2 (10.2) 57.7 (8.9) 58.3 (9.9) 57.6 (9.7) 57 (9) 57 (10) 55 (9) 55 (10) 56 (10) 57.6 (9.5) 57.5 (10.5) 57.5 (9.6) 
Weight, mean; kg (SD) 85.8 (22.5) 87.2 (19.7) 85.1 (22.6) 86.7 (21.1) 76.5 (16.8) 76.8 (16.8) 93 (18) 93 (18) 97 (19) 98 (21) 99 (18) 85.5 (19.4) 85.0 (17.9) 85.7 (16.7) 
BMI, mean; kg/m2 (SD) 31.0 (6.7) 31.3 (5.9) 30.7 (6.4) 30.7 (6.2) 28.4 (4.8) 28.2 (4.5) 32 (5) 32 (5) 33 (6) 34 (6) 34 (5) 30.4 (5.3) 30.3 (5.3) 31.3 (5.0) 
Duration of diabetes, 
mean; years (SD) 

7.2 (5.0) 9.3 (5.7) 8.0 (6.5) 10.6 (6.8) - - 9 (7) 9 (6) 8.7 (5.9) 8.7 (6.4) 9.4 (6.2) 9.2 (5.8) 9.7 (6.4) 9.4 (6.2) 

HbA1c, mean; %, (SD) 8.4% (0.8) 8.3% (0.7) 8.4% (0.8) 8.3% (0.7) 8.2% (0.0) 8.1% (0.1) 8.1% (0.9) 8.1% (0.8) 8.5% (1.0) 8.5% (1.1) 8.5% (1.0) 8.3% (0.9) 8.2% (0.9) 8.3% (0.9) 
Abbreviations: BMI = body mass index; DPP-4 = dipeptidyl peptidase-4; EXN = exenatide; Gla = glargine; GLP-1 = glucagon-like peptide-1; HbA1c = glycated haemoglobin; INS = insulin; LIN = linagliptin; LIR = 
liraglutide; MET = metformin; PBO = placebo; PIO = pioglitazone; ROS = rosiglitazone; SAX = saxagliptin; SD = standard deviation; SIT = sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione 
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Table 35 (cont): Key baseline characteristics from the triple therapy trials 
 MET + SU + INS vs. MET + SU + INS 

Al-Shaikh 2006 Esposito 2008 Holman 2007 Janka 2005 Strojek 2009 Yang 2013 

MET + SU 
+ INS Gla 

MET + SU 
+ INS Mix 

MET + SU + 
INS (NPL) 

MET + SU 
+ INS Gla 

MET + SU 
+ INS Asp 

(bid) 

MET + SU 
+ INS Asp 

(tid) 

MET + SU 
+ INS Det 

(od) 

MET + SU 
+ INS Gla 

MET + SU 
+ INS Mix 

MET + SU 
+ INS Asp 

MET + SU 
+ INS Gla 

MET + SU 
+ INS Asp 

30 

MET + SU 
+ INS Gla 

Trial duration 6 months 8 months 12 months 6 months 6 months 6 months 
N 221 116 708 371 469 521 
n 111 110 55 55 235 239 234 177 187 231 238 261 260 
Male; n (%) 124 (56%) 28 (51%) 29 (53%) 159 (68%) 152 (64%) 143 (61%) 108 (61%) 107 (57%) 108 (47%) 98 (41%) 147 (56%) 141 (54%) 
Race 
   Asian; n (%) 
   Black; n (%) 
   White; n (%) 
   Other; n (%) 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
11 (5%) 
2 (1%) 

221 (94%) 
1 (0%) 

 
15 (6%) 
5 (2%) 

214 (90%) 
5 (2%) 

 
9 (4%) 
2 (1%) 

218 (93%) 
5 (2%) 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
76 (33%) 
10 (4%) 

125 (54%) 
20 (9%) 

 
79 (33%) 
7 (3%) 

133 (56%) 
19 (8%) 

 
261 (100%) 

- 
- 
- 

 
260 (100%) 

- 
- 
- 

Age, mean; years (SD) 56.3 53.8 (7.1) 54.9 (6.9) 61.7 (8.9) 61.6 (10.5) 61.9 (10.0) 60.9 (8.7) 60.4 (9.1) 55.9 (9.7) 56.1 (10.0) 56.6 (9.4) 56.1 (9.9) 
Weight, mean; kg (SD) 67.3 84.8 (13.0) 84.1 (13.0) 86.9 (16.8) 84.9 (14.4) 85.5 (16.3) 85.1 (14.7) 84.6 (14.2) - - 70.0 (11.6) 70.6 (12.5) 
BMI, mean; kg/m2 (SD) - - 29.7 (4.3) 29.4 (4.6) 30.2 (4.8) 29.6 (4.5) 29.7 (4.6) 29.5 (3.6) 29.6 (3.6) 29.0 (4.6) 29.2 (4.5) 25.5 (3.4) 25.5 (3.4) 
Duration of diabetes, mean; 
years (SD) 

- - 7.8 (5.4) 8.2 (5.3) 
Median: 9 
IQR: 6-12 

Median: 9 
IQR: 6-14 

Median: 9 
IQR: 6-12 

9.9 (7.3) 9.9 (6.4) 9.1 (5.8) 9.5 (6.1) 9.2 (7.2) 9.5 (6.6) 

HbA1c, mean; % (SD) 11.4% 11.2% 8.8% (0.7) 8.7% (0.7) 8.6% (0.8) 8.6% (0.8) 8.4% (0.8) 8.9% (1.0) 8.8% (0.9) 8.5% (1.0) 8.5% (1.1) 8.2% (0.9) 8.1% (0.9) 
Abbreviations: Asp = aspart; bid = twice daily; BMI = body mass index; Det = detemir; EXN = exenatide; Gla = glargine; HbA1c = glycated haemoglobin; INS = insulin; MET = metformin; NPL = neutral protamine 
lispro; PBO = placebo; od = once daily; SD = standard deviation; SU = sulfonylurea; tid = three times daily 
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Table 35 (cont): Key baseline characteristics from the triple therapy trials 
 MET + SU + TZD vs. 

MET +SU + INS 
MET + SU + GLP-1 receptor agonists vs. MET + SU + INS 

MET + SU + DPP-4-i vs 
MET + SU + SGLT-i 

Rosenstock 2006 Bergenstal 2009 Heine 2005 Nauck 2007 Schernthaner 2013 
MET + SU 

+ ROS 
MET + SU 
+ INS Gla 

MET + SU 
+ EXN 

MET + SU 
+ INS (od) 

MET + SU 
+ INS (bid) 

MET + SU 
+ EXN 

MET + SU 
+ INS 

MET + SU 
+ EXN 

MET + SU 
+ INS 

MET + SU 
+ SIT 

MET + SU 
+ CAN 

Trial duration 6 months 6 months 6 months 12 months 12 months 
N 216 372 549 501 755 
n 112 104 124 124 124 282 267 248 253 378 377 
Male; n (%) 65 (58%) 47 (45%) 60 (48%) 60 (48%) 59 (48%) 155 (55%) 151 (57%) 122 (49%) 134 (53%) 215 (57%) 207 (55%) 
Race 
   Asian; n (%) 
   Black; n (%) 
   White; n (%) 
   Other; n (%) 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
2 (2%) 

24 (19%) 
79 (64%) 
19 (15%) 

 
3 (2%) 

23 (19%) 
84 (68%) 
14 (11%) 

 
2 (2%) 

33 (27%) 
74 (60%) 
15 (12%) 

 
5 (2%) 
2 (1%) 

225 (80%) 
50 (18%) 

 
2 (1%) 
3 (1%) 

215 (81%) 
47 (18%) 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
65 (17%) 
45 (12%) 

240 (64%) 
28 (7%) 

 
67 (18%) 
43 (11%) 

245 (65%) 
22 (6%) 

Age, mean; years (SD) 55.3 (11.4) 55.9 (10.5) 52.5 (10.6) 51.8 (10.9) 53.4 (10.0) 59.8 (8.8) 58.0 (9.5) 59 (9) 58 (9) 56.7 (9.3) 56.6 (9.6) 
Weight, mean; kg (SD) - - 96.6 (24.0) 96.9 (25.0) 93.8 (24.0) 87.5 (16.9) 88.3 (17.9) 83.4 (15.6) 85.5 (15.7) 89.1 (23.2) 87.4 (23.2) 
BMI, mean; kg/m2 (SD) 33.6 (6.3) 34.6 (7.0) 34.2 (7.1) 33.7 (7.1) 33.5 (7.4) 31.4 (4.4) 31.3 (4.6) 30.2 (4.2) 30.6 (4.0) 31.7 (6.9) 31.5 (6.9) 
Duration of diabetes, mean; years (SD) 8.1 (5.1) 8.5 (5.8) 8.6 (5.9) 8.4 (6.3) 9.9 (5.6) 9.9 (6.0) 9.2 (5.7) 10.0 (6.2) 9.8 (6.3) 9.7 (6.3) 9.4 (6.1) 
HbA1c, mean; % (SD) 8.7% (1.0) 8.8% (1.0) 10.2% (1.5) 10.1% (1.8) 10.3% (1.9) 8.2% (1.0) 8.3% (1.0) 8.6% (1.1) 8.6% (1.0) 8.1% (0.9) 8.1% (0.9) 
Abbreviations: bid = twice daily; BMI = body mass index; CAN = canagliflozin; DPP-4iI = dipeptidyl peptidase-4 inhibitors; EXN = exenatide; Gla = glargine; GLP-1 = glucagon-like peptide-1; HbA1c = glycated 
haemoglobin; INS = insulin; LIR = liraglutide; MET = metformin; od = once daily; PBO = placebo; ROS = rosiglitazone; SD = standard deviation; SGLT2-i = sodium glucose co-transporter 2 inhibitors; SIT = 
sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione 
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Table 35 (cont): Key baseline characteristics from the triple therapy trials 
 MET + TZD vs. MET + TZD + DPP-4 inhibitors 

Bosi 2011 DeFronzo 2012 
MET + 

PIO 30 + 
ALO 25 

MET + 
PIO 45 

MET + 
PBO 

MET + 
ALO 12.5 

MET + 
ALO 25 

MET + 
PIO 15 

MET + 
PIO 15 + 
ALO 12.5 

MET + 
PIO 15 + 
ALO 25 

MET + 
PIO 30 

MET+ 
PIO 30 + 
ALO 12.5 

MET + 
PIO 30 + 
ALO 25 

MET + 
PIO 45 

MET + 
PIO 45 + 
ALO 12.5 

MET + 
PIO 45 + 
ALO 25 

Trial duration 12 months 6 months 
N 803 1,554 
n 404 399 129 128 129 130 130 130 129 130 130 129 130 130 
Male; n (%) 210 (52%) 204 (51%) 61 (47%) 67 (52%) 50 (39%) 61 (47%) 60 (46%) 61 (47%) 63 (49%) 54 (42%) 55 (42%) 53 (41%) 60 (46%) 52 (40%) 
Race 
   Asian; n (%) 
   Black; n (%) 
   White; n (%) 
   Other; n (%) 

 
79 (20%) 
41 (10%) 
245 (61%) 
42 (10%) 

 
78 (20%) 
36 (9%) 

256 (64%) 
29 (7%) 

 
5 (4%) 
8 (6%) 

93 (72%) 
23 (18%) 

 
14 (11%) 
6 (5%) 

89 (70%) 
19 (15%) 

 
15 (12%) 
5 (4%) 

80 (62%) 
29 (22%) 

 
11 (8%) 
8 (6%) 

85 (65%) 
26 (20%) 

 
9 (7%) 
4 (3%) 

95 (73%) 
22 (17%) 

 
7 (5%) 
3 (2%) 

96 (74%) 
24 (18%) 

 
10 (8%) 
6 (5%) 

96 (74%) 
17 (13%) 

 
5 (4%) 
2 (2%) 

107 (82%) 
16 (12%) 

 
12 (9%) 
5 (4%) 

85 (65%) 
28 (21%) 

 
12 (9%) 
9 (7%) 

85 (66%) 
23 (18%) 

 
8 (6%) 
9 (7%) 

92 (71%) 
21 (16%) 

 
12 (9%) 
3 (2%) 

93 (72%) 
22 (17%) 

Age, mean; years (SD) 54.3 (9.9) 55.9 (9.9) 55.2 (9.9) 53.1 (9.6) 53.7 (9.3) 54.1 (9.5) 53.6 (9.9) 54.9 (9.2) 56.1 (9.4) 55.0 (9.1) 54.4 (9.7) 54.5 (9.7) 54.0 (9.8) 54.2 (8.9) 
Weight, mean; kg (SD) 88.2 (18.9) 88.0 (19.3) - - - - - - - - - - - - 
BMI, mean; kg/m2 (SD) 31.5 (5.3) 31.6 (5.2) 30.6 (4.8) 31.0 (5.1) 31.5 (5.7) 31.3 (5.3) 31.5 (5.0) 30.8 (4.7) 31.4 (5.4) 31.1 (5.1) 31.9 (5.6) 30.7 (4.7) 31.5 (5.2) 30.6 (4.8) 
Duration of diabetes, 
mean; years (SD) 

7.5 (5.2) 6.9 (4.6) 6.0 (5.0) 6.2 (5.6) 5.6 (4.9) 5.7 (4.8) 6.1 (5.5) 6.9 (5.5) 7.6 (7.1) 5.8 (5.1) 6.6 (6.0) 5.7 (4.2) 6.6 (5.3) 6.2 (5.0) 

HbA1c, mean; % (SD) 8.3% (0.8) 8.1% (0.8) 8.5% (0.6) 8.6% (0.7) 8.6% (0.7) 8.5% (0.7) 8.5% (0.7) 8.5% (0.7) 8.5% (0.7) 8.5% (0.7) 8.5% (0.7) 8.5% (0.7) 8.5% (0.7) 8.6% (0.7) 
Abbreviations: ALO = alogliptin; BMI = body mass index; DPP-4 = dipeptidyl peptidase-4; HbA1c = glycated haemoglobin; INS = insulin; MET = metformin; PBO = placebo; PIO = pioglitazone; SD = standard 
deviation; TZD = thiazolidinedione 
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Table 35 (cont): Key baseline characteristics from the triple therapy trials 
 MET + TZD + SU + vs.  

MET + TZD + DPP-4 inhibitors 
MET + DPP-4 inhibitors + INS vs.  

MET + DPP-4 inhibitors + INS 
MET + GLP-1 receptor agonists vs.  

MET + GLP-1 receptor agonists + INS 
DeRosa 2013 Zinman 2012 DeVries 2012 

MET + PIO + SU MET + PIO + SIT MET + DPP-4-i + INS Deg MET+ DPP-4-i + INS Gla MET + LIR MET + LIR + INS 
Trial duration 12 months 12 months 6 months 
N 453 1030 323 
n 225 228 773 257 161 162 
Male; n (%) 114 (51%) 113 (50%) 471 (61%) 167 (65%) 89 (55%) 88 (54%) 
Race 
   Asian; n (%) 
   Black; n (%) 
   White; n (%) 
   Other; n (%) 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
18 (2%) 
57 (7%) 

680 (88%) 
18 (2%) 

 
3 (1%) 

16 (6%) 
231 (90%) 

7 (3%) 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

Age, mean; years (SD) - - 59.3 (9.7) 58.7 (9.9) 57.3 (9.8) 56.8 (9.4) 
Weight, mean; kg (SD) 78.4 (7.5) 78.9 (7.9) 89.4 (17.7) 91.8 (15.8) 95.3 (21.1) 96.0 (20.9) 
BMI, mean; kg/m2 (SD) 27.3 (2.1) 27.6 (2.4) 30.9 (4.8) 31.6 (4.4) - - 
Duration of diabetes, mean; years (SD) - - 9.4 (6.3) 8.6 (5.7) 8.5 (6.0) 8.6 (5.8) 
HbA1c, mean; % (SD) 7.3 (0.8) 7.1 (0.7) 8.2 (0.8) 8.2 (0.8) 7.6 (0.7) 7.6 (0.6) 
Abbreviations: BMI = body mass index; DPP-4(-i) = dipeptidyl peptidase-4(-inhibitor); Deg = degludec; Gla = glargine; GLP-1 = glucagon-like peptide-1; HbA1c = glycated haemoglobin; INS = insulin; LIR = liraglutide; 
MET = metformin; PBO = placebo; PIO = pioglitazone; SD = standard deviation; SIT = sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione 
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B.4.6 Results of the included trials – TRIPLE THERAPY 
 
Table 36: Results of the triple therapy trials 

 

MET + SU vs. 

MET + SU + DPP-4 inhibitors MET + SU + TZD MET + SU + GLP-1-RAs 
MET + SU + GLP-1-RAs 

vs. MET + SU + INS 
Hermansen 2007 Owens 2011 Dailey 2004 Kendall 2005 Russell-Jones 2009 

MET + SU  
+ SIT 

MET + SU  
+ PBO 

SU + SIT SU + PBO 
MET + SU 

+ LIN 
MET + SU 

+ PBO 
MET + SU 

+ ROS 
MET + SU 

+ PBO 
MET + SU 
+ EXN 5 

MET + SU 
+ EXN 10 

MET + SU 
+ PBO 

MET + SU 
+ LIR 

MET + SU 
+ INS Gla 

MET + SU 
+ PBO 

Trial duration 6 months 6 months 6 months 7 months 6 months 
n 116 113 106 106 792 263 181 184 245 241 247 232 234 115 
HbA1c*; % 
(95% CI or SD) 

-0.59 
(-0.44, -0.74) 

0.3 
(0.14, 0.45) 

-0.3 
(-0.12, -0.48) 

0.27 
(0.09, 0.45) 

-0.72 
(0.03) 

-0.10 
(0.05) 

-0.9 0.1 
-0.55 
(0.07) 

-0.77 
(0.08) 

0.23 
(0.07) 

-1.33 -1.09 -0.24 

BW*; kg  
(95% CI or SD) 

0.4 
(-0.1, 0.9) 

-0.7 
(-0.1, -1.4) 

1.1 
(0.5, 1.8) 

0.0 
(-0.6, 0.7) 

0.27 
(0.09) 

-0.06 
(0.16) 

3.0 0.03 
-1.6 
(0.2) 

-1.6 
(0.2) 

-0.9 
(0.2) 

-1.8 
(0.33) 

1.6 
(0.33) 

-0.42 
(0.39) 

Any AE; % 62.9% 53.1% 55.7% 40.6% 66.3% 59.7% - - - - - - - - 
SAE; % 6.0% 1.8% 4.7% 5.7% 3.2% 3.8% 1.7% 4.3% 6.1% 6.2% 8.1% 3.9% 6.8% 7.0% 
Hypo-G; % 16.4% 0.9% 7.5% 2.8% 22.7% 14.8% 52.5% 24.5% 19.2% 27.8% 12.6% 19.8% 29.1% 16.5% 
Severe hypo-G; %  0.0% 0.0% 0.0% 0.0% 2.7% 4.8% 0.0% 0.0% 0.4% 0.0% 0.0% 2.2% 0.0% 0.0% 
Mortality; % 0.9% 0.0% 0.0% 0.0% - - 0.0% 0.5% - - - - - - 
CVD; % - - - - - - - - - - - - - - 
MVD; % - - - - - - - - - - - - - - 
UTI; % - - - - 3.3% 5.3% - - - - - - - - 
Pancreatitis; % - - - - - - - - - - - 0.0% 0.0% 0.0% 
Notes: * mean change from baseline 
Abbreviations:AE = adverse event; BW = body weight; CI = confidence interval; CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; EXN = exenatide; Gla = glargine; GLP-1-RA = glucagon-like peptide-
1 receptor agonist; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; LIN = linagliptin; LIR = liraglutide; MET = metformin; MVD = microvascular disease; PBO = placebo; ROS = rosiglitazone; 
SAE = serious adverse event; SD = standard deviation; SIT = sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione;  UTI = urinary tract infection 
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Table 36(cont): Results of the triple therapy trials with cardiovascular, urinary tract infection and pancreatic outcomes 
 MET + SU + INS vs. MET + SU + INS 

Al-Shaikh 2006 Esposito 2008 Holman 2007 Janka 2005 Strojek 2009 Yang 2013 

MET + SU 
+ INS Gla 

MET + SU 
+ INS Mix 

MET + SU  
+ INS (NPL) 

MET + SU  
+ INS Gla 

MET + SU 
+ INS Asp 

(bid) 

MET + SU 
+ INS Asp 

(tid) 

MET + SU 
+ INS Det 

(od) 

MET + SU  
+ INS Gla 

MET + SU  
+ INS Mix 

MET + SU 
+ INS Asp 

MET + SU 
+ INS Gla 

MET + SU 
+ INS Asp 

MET + SU 
+ INS Gla 

Trial duration 6 months 8 months 12 months 6 months 6 months 6 months 
n 111 110 55 55 235 239 234 177 187 231 238 261 260 
HbA1c*; % 
(95% CI or SD) 

-2.7 -1.4 
-1.83 

(-0.78, -2.65) 
-1.89 

(-0.80, -2.70) 
-1.3 
(1.1) 

-1.4 
(1.0) 

-0.8 
(1.0) 

-1.64 
(-1.51, -1.78) 

-1.13 
(-1.17, -1.44) 

-1.4 -1.2 
-0.78 
(0.88) 

-0.65 
(0.92) 

BW*; kg (SD) 3.4 7.3 
2.4 

(3.1) 
2.8 

(3.5) 
4.7 

(4.0) 
5.7 

(4.6) 
1.9 

(4.2) 
1.4 

(3.4) 
2.1 

(4.2) 
1.74 1.67 1.2 1.4 

Any AE; % - - 41.8% 45.5% 88.9% 84.9% 88.5% 50.3% 49.2% 51.1% 47.9% 27.2% 34.2% 
SAE; % - - 1.8% 1.8% 17.4% 12.6% 12.8% - - - - 0.8% 1.9% 
Hypo-G; % - - 74.5% 67.3% 91.9% 95.8% 73.9% 61.6% 67.9% 57.6% 51.3% 59.4% 56.9% 

Severe hypo-G; %  - - 0.0% 0.0% 4.7% 6.7% 1.7% - - 1.3% 0.8% 0.0% 0.4% 

Mortality; % - - 0.0% 0.0% 1.3% 0.4% 0.0% - - 0.0% 0.4% 0.0% 0.4% 

CVD; % - - - - 1.3% 0.4% 0.0% - - - - 18.8% 15.0% 

MVD; % - - - - - - - - - - - - - 

UTI; % - - - - - - - - - - - - - 

Pancreatitis; % - - - - - - - - - - - - - 
Notes: * mean change from baseline 
Abbreviations: AE = adverse event; Asp = aspart; bid = twice daily; BW = body weight; CI = confidence interval; CVD = cardiovascular disease; Det = detemir; Gla = glargine; HbA1c = glycated haemoglobin; Hypo-G 
= hypoglycaemia; INS = insulin; MET = metformin; MVD = microvascular disease; od = once daily; PBO = placebo; SAE = serious adverse event; SD = standard deviation; SU = sulfonylurea; tid = three times daily; 
UTI = urinary tract infection 
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Table 36(cont): Results of the triple therapy trials with cardiovascular, urinary tract infection and pancreatic outcomes 
 MET + SU + TZD vs. 

MET + SU + INS 
MET + SU + GLP-1 receptor agonists vs. MET + SU + INS 

MET + SU + DPP-4-i vs. 
MET + SU + SGLT2-i 

Rosenstock 2006 Bergenstal 2009 Heine 2005 Nauck 2007 Schernthaner 2013 
MET + SU 

+ ROS 
MET + SU 
+ INS Gla 

MET + SU 
+ EXN 

MET + SU 
+ INS (od) 

MET + SU 
+ INS (bid) 

MET + SU 
+ EXN 

MET + SU 
+ INS 

MET + SU 
+ EXN 

MET + SU 
+ INS 

MET + SU 
+ SIT 

MET + SU 
+ CAN 

Trial duration 6 months 6 months 6 months 12 months 12 months 
n 112 104 124 124 124 282 267 248 253 378 377 
HbA1c*; % (SD) -1.51 -1.66 -1.75 (1.57) -2.34 (1.51) -2.76 (1.79) -1.11 -1.11 -1.04 (0.07) -0.89 (0.06) -0.66 -1.03 
BW*; kg (SD) 3 (0.4) 1.7 (0.4) -1.9 (3.8) 2.8 (3.6) 4.1 (5.4) -2.3 1.8 -2.5 (0.2) 2.9 (0.2) 0.1 -2.3 
Any AE; % - - - - - - - 72.2% 48.6% 77.5% 76.7% 
SAE; % 9.8% 4.8% - - - - - 7.7% 4.3% 5.6% 6.4% 
Hypo-G; % 42.0% 54.8% 29.0% 55.6% 61.3% - - - - 40.7% 43.2% 
Severe hypo-G; % 5.4% 2.9% 0.0% 3.2% 4.8% 1.4% 1.5% - - 3.4% 4.0% 
Mortality; % - - - - - - - 0.8% 0.4% - 0.5% 
CVD; % - - - - - 2.1% 1.1% 4.0% 2.0% - - 
MVD; % - - - - - - - - - - - 
UTI; % - - - - - 2.5% 1.1% - - 5.6% 4.0% 
Pancreatitis; % - - - - - - - - - - - 
Notes: * mean change from baseline 
Abbreviations: AE = adverse event; bid = twice daily; BW = body weight; CAN = canagliflozin; CVD = cardiovascular disease; DPP-4-i = dipeptidyl peptidase-4 inhibitor; EXN = exenatide; Gla = glargine; GLP-1 = 
glucagon-like peptide-1; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; MET = metformin; MVD = microvascular disease; od = once daily; PBO = placebo; ROS = rosiglitazone; SAE = 
serious adverse event; SD = standard deviation; SGLT2-i = sodium glucose co-transporter 2 inhibitor; SIT = sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection 
  



Type 2 Diabetes review – ToR 4 

Centre for Applied Health Economics, Griffith University  109 
 

Table 36(cont): Results of the triple therapy trials with cardiovascular, urinary tract infection and pancreatic outcomes 

 

MET + TZD vs. MET + TZD + DPP-4 inhibitors 
MET + TZD + SU + vs. 
MET + TZD + DPP-4-i 

MET + DPP-4-i + INS vs. 
MET + DPP-4-i + INS 

MET + GLP-1-RA vs. 
MET + GLP-1-RA + INS 

Bosi 2011 DeFronzo 2012 DeRosa 2013 Zinman 2012 DeVries 2012 

MET + PIO 30 
+ ALO 25 

MET + 
PIO 45 

MET + PIO 
MET + PIO 
+ ALO 12.5 

MET + PIO 
+ ALO 25 

MET + PIO 
+ SU 

MET + PIO 
+ SIT 

MET + DPP-4-i 
+ INS Deg 

MET+ DPP-4-i 
+ INS Gla 

MET + LIR 
MET + LIR 

+ INS 

Trial duration 12 months 6 months 12 months 12 months 6 months 
n 404 399 388 390 390 225 228 773 257 161 162 

HbA1c*; % (SD) -0.7 -0.23 
-0.9 

(0.05) 
-1.4 

(0.05) 
-1.4 

(0.05) 
-1.1 
(0.5) 

-0.7 
(0.2) 

-1.06 
(1.01) 

-1.19 
(0.97) 

0.02 -0.51 

BW*; kg (SD) 
1.1 

(0.19) 
1.6 

(0.19) 
1.5 

(0.2) 
1.8 

(0.2) 
1.9 

(0.2) 
4.5 

(1.6) 
-2.5 
(0.9) 

2.4 
(4.3) 

2.1 
(4.1) 

-0.95 -0.16 

Any AE; % 71.5% 68.9% 60.8% 61.0% 64.4% - - 74.0% 70.8% 57.8% 67.3% 
SAE; % 5.0% 5.0% 3.4% 1.8% 3.1% - - 8.0 % 10.1% 3.7% 5.6% 
Hypo-G; % 4.5% 1.5% 2.1% 1.0% 1.5% - - 46.1% 46.3% 1.2% 9.3% 
Severe hypo-G; % 0.5% 0.0% 0.5% 0.0% 0.3% - - 0.3% 1.9% 0.0% 0.0% 
Mortality; % 0.2% 0.0% 0.3% 0.0% 0.0% - - 0.1% 0.4% - - 
CVD; % 6.9% 7.3% - - - - - 1.6% 0.8% 1.2% 0.6% 
MVD; % - - - - - - - - - - - 
UTI; % 5.4% 3.3% 5.9% 3.6% 3.8% - - - - - - 
Pancreatitis; % - - - - - - - - - 0.6% 0.0% 
Notes: * mean change from baseline 
Abbreviations: AE = adverse event; ALO = alogliptin; BW = body weight; CVD = cardiovascular disease; Deg = degludec; DPP-4(-i) = dipeptidyl peptidase-4 (inhibitor); Gla = glargine; GLP-1-RA = glucagon-like 
peptide-1 receptor agonist; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; LIR = liraglutide; MET = metformin; MVD = microvascular disease; PBO = placebo; PIO = pioglitazone; SAE = 
serious adverse event; SD = standard deviation; SU = sulfonylurea; TZD = thiazolidinedione; UTI = urinary tract infection 
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Triple therapy network models 

HbA1c 

Figure 42: Triple therapy network diagram for HbA1c 

 
Abbreviations: DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1 = glucagon-like peptide-1 receptor agonist; HbA1c = glycated haemoglobin; INS = insulin; MET = metformin; PBO = placebo; SU = sulfonylurea; TZD 
= thiazolidinedione; SGLT2-I = sodium glucose co-transporter 2 inhibitor.  
Notes: Black arrows represent direct trials existed for these trials, red arrows represent indirect comparison only, blue text represents meta-analysis of direct trials. 
Dual therapy trials of MET + TZD + PBO and SU + DPP-4-i + PBO were included in the network model but are not shown here.  
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Body weight 
 
Figure 43: Triple therapy network diagram for mean change in body weight 
 

 
Abbreviations:DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = metformin; PBO = placebo; SU = sulfonylurea; TZD = thiazolidinedione; SGLT2-I 
= sodium glucose co-transporter 2 inhibitor.   
Notes: Black arrows represent direct trials existed for these trials, red arrows represent indirect comparison only, blue text represents meta-analysis of direct trials.  
Dual therapy trials of MET + TZD + PBO and SU + DPP-4-i + PBO were included in the network model but are not shown here. 
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Hypoglycaemia 
 
Figure 44: Triple therapy network model for hypoglycaemia 

 
Abbreviations: DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = 
metformin; PBO = placebo; SU = sulfonylurea; TZD = thiazolidinedione.  
Notes: Black arrows represent direct trials existed for these trials, red arrows represent indirect comparison only, blue text represents 
meta-analysis of direct trials.  
Dual therapy (SU + DPP-4-i + PBO) was included in the network model but is not shown here. 
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Serious adverse events 
 
Figure 45: Triple therapy serious adverse events 

Abbreviations: DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = 
metformin; PBO = placebo; SU = sulfonylurea; TZD = thiazolidinedione.  
Notes: Black arrows represent direct trials existed for these trials, red arrows represent indirect comparison only, blue text represents 
meta-analysis of direct trials.  
Dual therapy trial SU + DPP-4-i + PBO was included in the network model but is not are shown here. 
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Serious hypoglycaemia 
 
Figure 46: Triple therapy serious hypoglycaemia 

 
Abbreviations:DPP-4-i = dipeptidyl peptidase-4 inhibitor; GLP-1-RA = glucagon-like peptide-1 receptor agonist; INS = insulin; MET = 
metformin; PBO = placebo; SU = sulfonylurea; TZD = thiazolidinedione.  
Notes: Black arrows represent direct trials existed for these trials, red arrows represent indirect comparison only, blue text represents 
meta-analysis of direct trials.  
Dual therapy trial SU + DPP-4-i + PBO was included in the network model but is not shown here. 
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B.5  RESULTS – THERAPY ADDED TO EXISTING MEDICATION 
 
B.5.2 Risk of bias – EXISTING MEDICATION 
 
Table 37: Assessment of bias, existing medication trials 
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SELECTION BIAS 
1.1   Random sequence generation - biased allocation to interventions due to inadequate randomisation  Low Low Low Low Low Low Low ? 
Brief description and reason: All trials used a computer generated allocation schedule, except White 2013 which did not specify how randomisation occurred. 
1.2   Allocation concealment - biased allocation to interventions due to inadequate concealment of allocations prior to assignment Low Low Low Low Low Low Low ? 
Brief description and reason: Central allocation occurred in most cases through and interactive response system. White 2013 did not specify the randomisation procedure. 
PERFORMANCE BIAS 
2.1   Blinding of participants and personnel - performance bias due to knowledge of the allocated interventions by participants and 
personnel during the study 

High High High Low High Low Low Low 

Brief description and reason: ADVANCE 2008, Buse 2009, Buse 2013, and Ji 2013 were open-label trials, where participants and personnel knew which intervention was being received, 
increasing the risk of performance bias. Dormandy 2005, Scirica 2013, Vilsboll 2010 and White 2013 were double-blind trials and thus have a low risk of performance bias. 
DETECTION BIAS 
3.1   Blinding of outcome assessment - detection bias due to knowledge of the allocated  interventions by outcome assessors High High High Low High Low Low Low 
Brief description and reason: In the open-label trials the assessors knew treatment allocations resulting in a high risk of detection bias; in the double-blind trials assessors remained blinded 
reducing the risk of detection bias. Most trials used a central laboratory for testing. 
ATTRITION BIAS 
4.1   Incomplete outcome data - attrition bias due to amount, nature or handling or incomplete outcome data. Low Low ? Low High Low Low Low 
Brief description and reason: All trials described how incomplete data was handled (usually ITT population, LOCF) and reported similar levels of attrition between treatment arms. Ji 2013 had 
differing levels of attrition between the treatment arms resulting in a high risk, and Buse 2013 had similar levels of attrition, but for imbalanced reasons making the risk of bias unclear. 
REPORTING BIAS 
5.1   Selective reporting - reporting bias due to selective outcome reporting Low Low Low Low Low Low Low Low 
Brief description and reason: Most trials provided a trial register number and outcomes reported matched those in the register.  
OTHER BIAS 
6.1   Bias due to problems not covered above – e.g. study has been claimed to be fraudulent ? ? ? ? ? ? ? ? 
Brief description and reason: All trials were supported by pharmaceutical companies, resulting in an unclear risk of bias. 
Abbreviations: ITT = intention to treat; LOCF = last observation carried forward; ? = unclear 
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B.5.3 Trial characteristics – EXISTING MEDICATION 
 
Table 38: Key features of the existing medication trials 

Trial N Recruitment Centres 
Design/ 
duration 

Risk of 
bias 

Patient population 
Age HbA1c BMI Other 

EM vs. EM + SU 
ADVANCE 
2008 
 

11,140 2001-2003 Australia, 
NZ,  
N. America 
W. Europe 
E. Europe 
Asia 

R, OL 
60 months 

Unclear 
 

≥ 55 
≥ 30 at 
diagno
sis 
 

- - Macro- or micro-
vascular disease or at 
least one other risk 
factor for vascular 
disease. 

EM vs. EM + TZD 
Dormandy 
2005 

5,238 2001-2002 W. Europe 
E. Europe 

R, DB 
35 months 

Low 35-75 >6.5% - Macrovascular 
disease 

EM vs. EM + DPP-4 inhibitors 
Scirica 2013 16,492 2010-2011 Australia 

N. America 
S. America 
W. Europe 
E. Europe 
Asia 
Africa 
Middle East 

R, DB, PC 
25 months 

Low > 40 6.5-12.0% - CVD or multiple risk 
factors for vascular 
disease 

White 2013 5,380 2009-2013 Australia 
NZ 
N. America 
S. America 
C. America 
W. Europe 
E. Europe 
Asia 
Africa 
Middle East 
Pacific 

R, DB, PC 
18 months 

Low - 6.5-11.0% - Recent acute 
coronary syndrome 

EM vs. EM + GLP-1 receptor agonists 
Ji 2013 678 2009-2010 Asia R, OL 

6 months 
Unclear ≥ 20 - 21-35 

kg/m2 
Type 2 diabetes 

EM + GLP-1 receptor agonists vs. EM + SGLT2 inhibitors 
Buse 2013 911 2010 Australia 

N. America 
S. America 
W. Europe 
E. Europe 
Asia 
Africa 

R, OL 
6 months 

Unclear ≥ 18 7.1-11.0% ≤ 45 kg/m2 Type 2 diabetes 

EM + INS vs. EM + INS 
Buse 2009 
 

2,091 2005-2007 Australia 
N. America 
S. America 
W. Europe 
E. Europe 
Asia 

R, OL 
6 months 

Unclear 30-80 ≥ 7.0% ≤ 45 kg/m2 Type 2 diabetes, 
insulin naïve  

EM + INS vs. EM + INS + DPP-4 inhibitors 
Vilsboll 2010 641 2007-2008 Worldwide R, DB, PC 

6 months 
Low ≥ 21 7.5-11.0% 20-43 

kg/m2 
Type 2 diabetes 

Abbreviations: BMI = body mass index; C = Central; CVD = cardiovascular disease; DB = double blind; DPP-4 = dipeptidyl peptidase-4; E 
= Eastern; EM = existing medication; HbA1c = glycated haemoglobin; INS = insulin; N = North; NZ = New Zealand; OL = open label; PC = 
placebo controlled; R = randomised; S = South; SGLT2 = sodium glucose co-transporter 2; SU = sulfonylurea; TZD = thiazolidinedione; W 
= Western 
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Table 39: Eligibility criteria in the existing medication trials 
Trial Inclusion criteria Exclusion criteria 
EM vs. EM + SU 
ADVANCE 
2008 
 

- T2DM diagnosis at ≥ 30 years. 
- ≥ 55 years at trial entry. 
- Elevated risk of CVD, indicated by: 
(i) A history of major macro- or micro-vascular 
disease; or 
(ii) A diagnosis of T2DM ≥ 10 years prior to entry; or 
(iii) Another major risk factor for vascular disease; or 
(iv) ≥ 65 years. 

- Specific indication for treatment with an ACE inhibitor 
other than perindopril 2 - 4 mg daily or a thiazide-like 
diuretic. 
- Definite and specific indication for treatment with 
GLZ or a HbA1c control target of ≤ 6.5%. 
- Definite contra-indication to treatment with GLZ or a 
HbA1c control target of ≤ 6.5%. 
- Definite indication for long-term full-dose or bed-time 
INS therapy. 

EM vs. EM + TZD 
Dormandy 
2005 

- 35 - 75 years. 
- HbA1c > 6.5% despite existing treatment with diet 
alone or OADs ± INS. 
- Evidence of extensive macrovascular disease. 

- T1DM. 
- Taking only INS. 
- Planned coronary or peripheral revascularisation. 
- Heart failure, ischaemic ulcers, gangrene or rest pain 
in the leg, haemodialysis or elevated alanine 
aminotransferase. 

EM vs. EM + DPP-4 inhibitors 
Scirica 2013 - 40 years 

- HbA1c of 6.5 - 12.0%. 
- A history of CVD or multiple risk factors for vascular 
disease. 

- Currently receiving or had received within 6 months 
a GLP-1 receptor agonist. 
- End-stage renal disease, long-term dialysis, renal 
transplantation, or serum creatinine level > 6.0 mg/dL. 

White 2013 - HbA1c of 6.5 - 11.0% (7.0 - 11.0% if on insulin). 
- Receiving antidiabetic therapy other than a DPP-4 
inhibitor or GLP-1 receptor agonist. 
- An acute coronary syndrome within 15-90 days prior 
to randomisation. 

- T1DM. 
- Unstable cardiac disorders. 
- Dialysis within 14 days prior to screening. 

EM vs. EM + GLP-1 receptor agonists 
Ji 2013 - ≥ 20 years 

- HbA1c of 7.0 - 11.0% despite treatment with a stable 
dose of OADs for at least 3 months. 
- BMI of 21 - 35 kg/m2; Stable bodyweight. 

- Pregnancy. 
- Other clinically significant medical condition or use of 
excluded medications within 90 days of screening. 
 - ≥ 2 episodes of severe hypoglycaemia within 6 
months of screening. 

EM + GLP-1 receptor agonists vs. EM + SGLT2 inhibitors 
Buse 2013 - ≥ 18 years. 

- HbA1c of 7.1 - 11.0% despite lifestyle modification 
and OADs. 
- BMI ≤ 45 kg/m2; Stable bodyweight for > 3 months. 

- Active cardiac disease within 3 months of screening. 
- IBD or other severe GIT disease, medullary 
carcinoma, a family history of medullary carcinoma or 
multiple endocrine neoplasm type-2 syndrome, liver or 
renal disease, CrCl < 60 ml/min, active or untreated 
malignancy, pancreatitis, haemoglobinopathy, or 
haemolytic or chronic anaemia. 
- ≥ 2 episodes of major hypoglycaemia within 6 
months. 
- Use of excluded medications. 

EM + INS vs. EM + INS 
Buse 2009 
 

- 30 - 80 years. 
- Insulin naïve. 
- HbA1c > 7.0% despite treatment with ≥ 2 OADs for 
90 days.  

- History of scheduled long-term insulin use. 
- Recent use of other antihyperglycaemic agents or 
systemic steroids. 
- BMI > 45 kg/m2. 
- Recent history of severe hypoglycaemia, significant 
concomitant haematologic, oncological, renal, CV, 
hepatic or GIT disease. 
- Pregnancy or breastfeeding. 

EM + INS vs. EM + INS + DPP-4 inhibitors 
Vilsboll 2011 - ≥ 21 years. 

- HbA1c of 7.5 - 11.0% despite taking INS alone (≥ 15 
IU/day, long- or intermediate-acting or premixed) or in 
combination with MET (≥ 1,500 mg/day). 

- T1DM. 
- FPG < 130 mg/dL. 
- Unstable cardiac disease, elevated alanine 
aminotransferase or aspartate aminotransferase, 
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Trial Inclusion criteria Exclusion criteria 
- BMI of 20 - 43 kg/m2. 
 

elevated triglycerides. 
- Treatment with OADs (except MET) or EXN within 8 
to 12 weeks of study. 

Abbreviations: ACE = angiotensin converting enzyme; BMI = body mass index; CrCl = creatinine clearance; CV(D) = cardiovascular 
(disease); DPP-4 = dipeptidyl peptidase-4; EM = existing medication; EXN = exenatide; FPG = fasting plasma glucose; GIT = 
gastrointestinal tract; GLP-1 = glucagon-like peptide-1; GLZ = gliclazide; HbA1c = glycated haemoglobin; IBD = irritable bowel disease; 
INS = insulin; MET = metformin; OAD = oral antidiabetic drug; SGLT2 = sodium glucose co-transporter 2; SU = sulfonylurea; T1DM = type 
1 diabetes mellitus; T2DM = type 2 diabetes mellitus; TZD = thiazolidinedione 
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B.5.4 Baseline characteristics – EXISTING MEDICATION 
 
Table 40: Key baseline characteristics of the existing medication trials 

 EM vs. 
EM + SU 

EM vs 
EM + TZD 

EM vs 
EM + DPP-4-i 

EM vs. 
EM + GLP-1-RA 

EM + GLP-1-RA vs. 
EM + SGLT2-i 

EM + INS vs 
EM + INS 

EM + INS vs 
MET + INS + DPP-4-i 

ADVANCE 2008 Dormandy 2005 Scirica 2013 White 2013 Ji 2013 Buse 2013 Buse 2009 Vilsboll 2010 

EM + 
GLZ 

EM 
EM + 
PIO 

EM + 
PBO 

EM + 
SAX 

EM + 
PBO 

EM + 
ALO 

EM + 
PBO 

EM + 
EXN 

(weekly) 

EM + 
EXN 
(bid) 

EM +  
EXN 

EM +  
LIR 

EM +  
INS Lis 

EM +  
INS Gla 

SIT + INS 
+/- MET 

PBO + INS 
+/- MET 

Trial duration 60 months 34.5 months 25 months 18 months 6 months 6 months 6 months 6 months 
N 11,140 5,238 16,492 5,380 678 911 2,091 641 
n 5,571 5,569 2,605 2,633 8,280 8,212 2,701 2,679 340 338 461 450 1,045 1,046 322 319 

Male; n (%) 
3,195 
(57%) 

3,212 
(58%) 

1,735 
(67%) 

1,728 
(66%) 

5,512 
(67%) 

5,525 
(67%) 

1,828 
(68%) 

1,823 
(68%) 

183 
(54%) 

184 
(54%) 

254  
(55%) 

245  
(54%) 

552  
(53%) 

552  
(53%) 

157  
(49%) 

169 
 (53%) 

Race 
   Asian; n (%) 
    
   Black; n (%) 
    
   White; n (%) 
    
   Other; n (%) 
 

- 
 
- 
 
- 
 
- 

 
- 
 
- 
 
- 
 
- 
 

 
- 
 
- 
 

2,564 
(98%) 

41 
(2%) 

 
- 
 
- 
 

2,600 
(99%) 

33 
(1%) 

 
- 
 
- 
 

6,241 
(75%) 
2,039 
(25%) 

 
- 
 
- 
 

6,166 
(75%) 
2,046 
(25%) 

 
547 

(20%) 
101 
(4%) 
1,966 
(73%) 

87 
(3%) 

 
542 

(20%) 
115 
(4%) 
1,943 
(73%) 

79 
(3%) 

340 
(100%) 

- 
 
- 
 
- 

338 
(100%) 

- 
 
- 
 
- 

 
55 

(12%) 
4 

(1%) 
384 

 (83%) 
18 

(4%) 

 
56 

(12%) 
4 

(1%) 
369  

(82%) 
21 

(5%) 

 
157  

(15%) 
62 

(6%) 
651  

(62%) 
175  

(17%) 

 
163  

(16%) 
70 

(7%) 
668  

(64%) 
145  

(13%) 

 
55 

(17%) 
21 

(6%) 
228  

(71%) 
18 

(6%) 

 
61 

(19%) 
23 

(7%) 
219  

(69%) 
16 

(5%) 

Age, mean; years (SD) 
66 
(6) 

66 
(6) 

61.9 
(7.6) 

61.6 
(7.8) 

65.1 
(8.5) 

65.0 
(8.6) 

61 61 
55 

(11) 
56 

(10) 
57.0  
(9.4) 

57.0  
(9.6) 

57 
(10) 

57 
(10) 

58.3  
(9.1) 

57.2 
(9.3) 

Weight, mean; kg (SD) 
78.2 

(16.8) 
78.0 

(16.8) 
- - 

87.7 
(18.7) 

88.1 
(19.4) 

80.2 80.0 
69.6 

(12.4) 
70.4 

(12.1) 
90.9  

(19.5) 
91.1  

(19.1) 
89 

(21) 
88 

(21) 
86.5  

(18.6) 
87.3  

(17.9) 

BMI, mean; kg/m2 (SD) 
28 
(5) 

28 
(5) 

30.7 
(4.7) 

31.0 
(4.8) 

31.1 
(5.5) 

31.2 
(5.7) 

28.7 28.7 
26.4 
(3.7) 

26.7 
(3.4) 

32.3  
(5.6) 

32.3  
(5.4) 

32 
(6) 

32 
(6) 

31 
(5) 

31 
(5) 

Duration of diabetes, 
mean; years (SD) 

7.9 
(6.3) 

8.0 
(6.4) 

Median: 
8 

IQR: 
4-13 

Median: 
8 

IQR: 
4-14 

Median: 
10.3 
IQR:  

5.2-16.7 

Median: 
10.3 
IQR:  

5.3-16.6 

Median: 
7.1 

IQR:  
2.6-13.8 

Median: 
7.3 
IQR 

2.8-13.7 

7.7 
(5.1) 

8.6 
(6) 

8 
(6) 

9 
(6) 

9.7 
(6.3) 

9.3 
(5.9) 

13 
(7) 

12 
(6) 

HbA1c, mean; % (SD) 
7.5% 
(1.7) 

7.5% 
(1.6) 

7.8% 7.9% 
8.0% 
(1.4) 

8.0% 
(1.4) 

8.0% 
(1.1) 

8.0% 
(1.1) 

8.7% 
(1.0) 

8.7% 
(1.0) 

8.5%  
(1.0) 

8.4%  
(1.0) 

9.1%  
(1.3) 

9.0%  
(1.2) 

8.7%  
(0.9) 

8.6%  
(0.9) 

Abbreviations: ALO = alogliptin; bid = twice weekly; BMI = body mass index; DPP-4-i = dipeptidyl peptidase-4 inhibitor; EM = existing medications; EXN = exenatide; Gla = glargine; GLP-1-RA = glucagon-like 
peptide-1 receptor agonist; GLZ = gliclazide; HbA1c = glycated haemoglobin; INS = insulin; LIR = liraglutide; Lis = lispro mix 75/25; MET = metformin; PBO = placebo; PIO = pioglitazone; SAX = saxagliptin; SD = 
standard deviation; SGLT2-i = sodium glucose co-transporter 2 inhibitor; SIT = sitagliptin; SU = sulfonylurea; TZD = thiazolidinedione 
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B.5.6 Results of trials with a duration of less than one year – EXISTING 
MEDICATION 
 
Table 41: Results of the short-term trials – therapies added to existing medication 

 

EM vs. EM + GLP-1-RA EM vs. EM + INS 
EM vs. 

MET + INS + DPP-4-i 
Ji 2013 Buse 2013 Buse 2009 Vilsboll 2010 

EM + 
EXN weekly 

EM + 
EXN bid 

EM + EXN EM + LIR 
EM +  

INS Lis 
EM +  

INS Gla 
SIT + INS 

± MET 
PBO + INS 

± MET 
Trial duration  26 weeks 26 weeks 24 weeks 24 weeks 
n 340 338 461 450 1,045 1,046 322 319 

HbA1c*, % (SD) 
-1.43  
(0.07) 

-1.12  
(0.07) 

-1.28  
(0.05) 

-1.48  
(0.05) 

-1.8  
(1.3) 

-1.7  
(1.3) 

-0.6  
(0.1) 

0  
(0.1) 

BW*; kg (95% CI or SD) 
-1.63  
(0.16) 

-2.45  
(0.16) 

-2.68  
(0.18) 

-3.57  
(0.18) 

3.6  
(4.0) 

2.5  
(4.0 ) 

0.1 
(−0.2, 0.4) 

0.1 
(−0.3, 0.4) 

Any AE; % 67.4% 74.0% 61.4% 68.2% - - 52.2% 42.9% 
SAE; % 3.8% 2.7% 2.8% 1.6% 6.2% 4.3% 6.2% 3.4% 
Hypo-G; % 19.7% 26.3% 8.7% 11.3% - - - - 
Severe  hypo-G; % 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.6% 0.3% 
UTI; % - - - - - - 2.8% 1.9% 
CVD; % - - - - 29.0% 26.0% - - 
Mortality; % 0.0% 0.0% 0.4% 0.4% 0.5% 0.2% 0.0% 0.0% 
Notes: * mean change from baseline 
Abbreviations: AE = adverse event; bid = twice daily; BW = body weight; CI = confidence interval; CVD = cardiovascular disease; DPP-4-i 
= dipeptidyl peptidase-4 inhibitor; EM = existing medication; EXN = exenatide; Gla = glargine; GLP-1-RA = glucagon-like peptide-1 
receptor agonist; HbA1c = glycated haemoglobin; Hypo-G = hypoglycaemia; INS = insulin; LIR = liraglutide; Lis = lispro mix 75/25; MET = 
metformin; PBO = placebo; SAE = serious adverse event; SD = standard deviation; SIT = sitagliptin; UTI = urinary tract infection  

 
 
 


