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ABSTRACT 

 

Aims: To assess the evidence supporting the choice of third–line agents in adults with inadequately controlled type 2 

diabetes.  

 

Materials and Methods: We searched RCTs published between Jan 2000 and July 2017 reporting data on cardiometabolic 

outcomes and hypoglycaemia for glucose–lowering agents added to metformin–based dual treatments. Data were 

stratified by background therapy and RCT duration and synthesised, when possible, with network meta–analyses. 

 

Results: 43 RCTs (16590 participants) were included, with metformin combined to sulphonylurea (SU) in 20 RCTs; 

thiazolidinedione (TZD) in 10; basal or rapid acting insulin in 6; DPP–4i in 3; GLP–1RA in 2; and SGLT–2i in 2. When added 

to metformin and SU, after 24–36 weeks rapid acting insulin resulted in the largest reduction of HbA1c (1.6% vs placebo) 

followed by GLP–1RA (1.0%), basal insulin (0.8%), and SGLT–2i (0.7%), with no difference between GLP–1RA and SGLT–

2i; body weight increased with insulin treatment (about 3 kg vs placebo) while the greatest reduction was observed for 

SGLT–2i compared to all other therapies. Limited data for hypoglycaemia indicated a similar risk for SGLT–2i and GLP–

1RA. Results for third–line agents added to metformin and TZD were comparable, showing similar HbA1c reduction and 

risk of hypoglycaemia between SGLT–2i and GLP–1RA and a slightly greater reduction of body weight with SGLT–2i vs 

GLP–1RA. Data for 52–54 weeks were more limited: added to metformin and SU, a TZD, GLP–1RA, or SGLT–2i reduced 

HbA1c to a similar extent but had different effects on body weight (7kg and 5kg more with TZD vs SGLT–2i and GLP–1RA, 

respectively; 2kg less comparing SGLT–2i vs GLP–1RA). Formal analyses could not be performed for any other dual failure 

combinations due to the small number of available RCTs. 

 

Conclusions: Moderate–quality evidence supports the choice of a third–line agent only in patients on metformin 

combined with SU or TZD, with SGLT–2i performing generally better than other drugs. In suggesting third–line agents, 

future guidelines should recognise the widely different evidence across possible dual failures.      
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INTRODUCTION  

 

European and North American consensus guidance for the management of hyperglycaemia in type 2 diabetes increasingly 

recommend pragmatic use of two or more glucose lowering therapies once pre–set glycosylated haemoglobin thresholds 

are exceeded. After lifestyle modification and metformin monotherapy, the next step is to add a second and then third 

agent to achieve glucose control.1,2 There is an impressive list of available therapeutics for this stepwise approach, 

including sulphonylureas (SUs), thiazolidinediones (TZDs), dipeptidyl–peptidase–4 inhibitors (DPP–4is), glucagon–like 

peptide–1 receptor agonists (GLP–1RAs), sodium–glucose co–transporter–2 inhibitors (SGLT–2is), and insulin. In practice, 

this should involve flexible, individualised patterns of prescribing which are well tolerated and able to compensate 

adequately for the consequences of progressive beta cell decline.3  

Pharmacotherapy choices should in principle be based upon effectiveness, safety, tolerability, and cost as well as the 

patient’s individual circumstances and preferences. Shared decision making between patient and health care professional 

within this precept allows dozens of combinations of currently endorsed therapeutics. Whilst inclusivity and choice over 

second, third, and fourth line agents after metformin clearly has its advantages, it may also be problematic. It infers equal 

distribution, availability and affordability of licensed therapies, as well as health care professional awareness and 

knowledge around latest therapeutic advances. It also assumes that the effectiveness of “add–on” medication is not 

significantly influenced by background glucose lowering therapy or therapies.  This is important because there is unlikely 

to be extensive and similar evidence supporting the use of multiple permutations and treatment streams arising from 

these algorithms. For instance, a significant proportion of randomised controlled trials (RCTs) in patients with type 2 

diabetes are designed to test the efficacy of a third agent when added to various combinations of “failing” dual therapy. 

Results of these are commonly not stratified by background medication and assume the effect of the third agent is similar 

across sub–groups of dual failure. This is unlikely because the pathophysiological determinants of hyperglycaemia could 

be different, for example comparing patients on metformin and TZD (subjects with high insulin resistance) or on 

metformin and short-acting insulin (subjects with β-cell failure).3 Moreover, the benefit/risk profile of a third agent may 

also differ in relation to background dual therapy (i.e., risk of hypoglycaemia with basal insulin in patients on metformin 

and SU vs metformin and TZD).   

The majority of previous systematic reviews and network meta–analyses undertaken to ascertain the safety and efficacy 

of a third glucose–lowering agent have focused only on a specific combination of dual therapy, compared only specific 

agents, evaluated a single or few outcomes, or combined trials with heterogeneous dual “failure”.4-11 We aimed to 

explore the available evidence when metformin–based dual treatments (i.e. metformin plus SU, TZD, DPP–4i, GLP–1RA, 
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or SGLT–2i) fail to provide optimal glucose control and, for each combination of dual therapy failure, to compare the 

efficacy and safety of available glucose–lowering treatments when added as a third–line agent.  
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MATERIALS AND METHODS 

 

Data Sources and Searches  

We conducted this study according to a pre–specified protocol and following the PRISMA guidelines for conducting and 

reporting systematic reviews and network meta–analysis (Supplementary Appendix).12 We searched PubMed, ISI Web of 

Science, the Cochrane Library, Scopus, and ClinicalTrials.gov (https://clinicaltrials.gov/) for RCTs published in English 

between January 1st, 2000 and July 9th, 2017. 

 

Study Selection 

Four authors independently performed the literature search and identified eligible studies. Following the PICO 

(population, intervention, comparator, outcome) framework, we selected RCTs in adult patients with type 2 diabetes 

with sub–optimal glucose control on dual therapy with metformin and a second–line agent (“dual therapy failure”) 

(population) randomised to a third–line glucose–lowering agent (interventions and comparators); details on agents and 

doses are reported in Supplementary Appendix Table S1. We included RCTs of 24 to 52 weeks duration and reporting 

data on one or more cardiometabolic (HbA1c, fasting plasma glucose (FPG), body weight, systolic and diastolic blood 

pressure, total cholesterol, low– and high–density lipoprotein cholesterol, and triglycerides) or safety outcomes (all 

hypoglycaemic events) (outcome). We excluded RCTs that enrolled only specific populations (i.e., all patients with chronic 

kidney disease) and observational follow-up analyses of RCTs. Reference lists of eligible reports and previous systematic 

reviews and meta–analyses were scanned for additional relevant studies.  

 

Data Extraction and Quality Assessment  

Using standardised pre–defined forms, three authors extracted data which were independently checked by a fourth 

author. Extracted data included: first author name, PubMed identification number, clinical trial registration number (NCT; 

https://clinicaltrials.gov/), year of journal article publication, background glucose–lowering therapy, randomisation 

treatments, duration of follow–up, sample size, gender distribution, baseline age, HbA1c, diabetes duration, and outcome 

measured. For each RCT, we collected information on third–agent–specific number of participants, mean difference (end 

of study – baseline), and its standard error (or standard deviation) for continuous outcomes; and total number of 

participants and participants with event for hypoglycaemia. We extracted data from ClinicalTrials.gov when it was not 

possible to obtain the relevant information from the published report and assessed study quality with the Cochrane risk 

of bias tool.13 Disagreement on study eligibility, data extraction, or study quality was solved by consensus or arbitration. 
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We graded the quality of evidence using a modified Grading of Recommendations Assessment, Development and 

Evaluation (GRADE) framework (details are reported in the Supplementary Appendix).14 

 

Data Synthesis and Analysis 

Stata 14.1 (Stata Corp, College Station, TX, USA) was used to perform DerSimonian and Laird pairwise random-effects 

meta-analyses and network meta–analyses as multivariate random-effects meta-analysis and meta-regression, assuming 

that that all treatment contrasts have the same heterogeneity variance.15-17 We used arm-specific mean difference and 

odds ratios (ORs) as effect measures for continuous and dichotomous (hypoglycaemia) data, respectively and added 0.5 

if studies reported zero participants with hypoglycaemia.18 For each background dual failure and duration of follow–up, 

we summarized the available evidence using network diagrams; reported number of participants and events, pairwise 

and network meta-analyses results, and ranking probabilities in tables; displayed network meta-analysis results against 

a common comparator (placebo) in forest plots; and assessed small-study effects for active treatments vs placebo using 

comparison-adjusted funnel plots.16,19 We evaluated consistency between direct and indirect evidence by using the 

‘design by treatment’ interaction model, estimated the common heterogeneity variance for the network (tau [τ]),20 and 

examined with meta-regressions whether patient-level characteristics aggregated at the study level could explain 

heterogeneity and inconsistency. Results were reported with 95% confidence intervals and p<0.05 was deemed as 

statistically significant.  
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RESULTS 

 

Study characteristics and available evidence 

After duplicates exclusion and selection of articles by title and abstract, 89 reports underwent full–text assessment and 

40 were further excluded, leaving 49 reports from 43 unique RCTs for the analyses (Supplementary Appendix Figure S1). 

We found one RCT with 54 weeks of follow–up (two weeks longer than the inclusion criteria) and opted to include it in 

the analysis.21 Table 1 reports the characteristics of the studies: they were published between 2004 and 2017 and enrolled 

16590 (range, 106–1055) participants with type 2 diabetes. Baseline HbA1c, age, and disease duration weighted means 

were 8.0%, 53.7 years, and 8.0 years, respectively and 51.6% were males. 30 RCTs (69.8%) reported data for a follow–up 

between 24 and 36 weeks (short-term), 4 (9.3%) between 52–54 weeks (long-term), and 9 (20.9%) included both short- 

and long–term observations. SU was the most common second agent combined with metformin (20 RCTs; 46.5%), 

followed by TZD (10; 23.2%), basal or rapid acting insulin (6; 13.9%), DPP–4i (3; 7.0%), GLP–1RA (2; 4.6%), or SGLT–2i (2; 

4.6%); references of included studies are reported in the Supplementary Appendix.  

The overall risk of bias was deemed low, high, and unclear in 31 (63.3%), 3 (6.1%), and 15 (30.6%) studies, respectively 

(Table S2). High or unclear domain–specific bias was lowest for selective reporting (20.4%) and highest for incomplete 

outcome data (34.7%) (Figure S2). Almost all studies were supported by one or more pharmaceutical companies (other 

bias, Table S2). 

The number of participants for efficacy outcomes and hypoglycaemia is detailed by background therapy, follow–up, trial, 

and third–line agents in Tables S3–S8. Limited data were available from very few studies for the outcomes blood pressure 

and lipids across RCTs with different durations or background therapy (Figure 1 and Table S3–S4). Excluding studies with 

background metformin and sulphonylurea or TZD, data were also limited for HbA1c, FPG, body weight, and 

hypoglycaemia. Formal network meta–analyses were therefore performed only for studies with background metformin 

and SU (follow–up 24–36 and 52–54 weeks) or TZD (24–36 weeks).  

 

Efficacy outcomes: HbA1c, fasting plasma glucose, and body weight 

Metformin + Sulphonylurea, follow–up 24 to 36 weeks 

Data on HbA1c were available from 6244 participants included in 15 RCTs (Figure 1 and Figure S3; Table S7). In direct 

comparisons, the largest HbA1c reduction was observed for SGLT–2i vs placebo (0.7%; 95% CI: 0.5 to 0.9; Table S9). 

Results of the network meta-analysis indicated a mean HbA1c reduction vs placebo of 1.6% (0.8 to 2.3) for rapid insulin, 
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followed by 1.0% (0.7 to 1.2) for GLP–1RA, 0.8% (0.5 to 1.0) for basal insulin, 0.7% (0.5 to 0.9) for SGLT–2i, and 0.7% (0.5 

to 0.8) for DPP–4i (Table 2 and Figure 2; differences in mmol/mol are reported in Table S10); no data were available for 

TZD. Comparisons across third–line agents showed greater HbA1c reductions with GLP–1RA compared to basal insulin (-

0.2%; -0.4 to -0.1) and DPP–4i (-0.3%; -0.6 to -0.1); and with rapid insulin compared to basal insulin (-0.8%; -1.5 to -0.1), 

DPP–4i (-0.9%; -1.6 to -0.2), and SGLT–2i (-0.8%; -1.6 to -0.1); no differences were found comparing GLP–1RA to rapid 

insulin or SGLT–2i (Table 2). 

Values of FPG were available from 4912 participants in 14 RCTs. The largest reduction in direct comparisons was found 

for SGLT–2i vs placebo (1.7 mmol/l; 1.5 to 1.9; Table S9). In the network meta-analysis, compared to placebo SGLT–2i 

reduced FPG by 1.8 mmol/l (1.1 to 2.5), basal insulin by 0.9 mmol/l (0.1 to 1.7), and DPP4–i by 0.8 mmol/l (0.3 to 1.4); no 

differences were found between placebo and TZD, rapid insulin, or GLP–1RA. Comparisons across agents showed a 

greater FPG reductions with SGLT–2i vs GLP–1RA (-1.5 mmol/l; -2.7 to -0.3), TZD (-1.3 mmol/l; -2.5 to -0.2), and DPP–4i (-

0.9 mmol/l; -1.8 to -0.1) (Table 2). No difference was found between SGLT–2i and basal insulin. 

Data on body weight were available from 5456 participants in 13 RCTs. Direct comparisons showed the greatest increase 

in body weight when comparing basal insulin to GLP–1RA (3.5 kg; 2.9 to 4.1; Table S9). In the network meta-analysis, 

compared to placebo SGLT–2i reduced body weight by 1.9 kg (1.4 to 2.5) and GLP–1RA by 0.8 kg (0.2 to 1.4). Conversely, 

basal insulin, rapid insulin, and TZD increased body weight by 2.8 kg (2.2 to 3.4), 3.0 kg (1.7 to 4.4), and 4.1 kg (2.7 to 5.5), 

respectively. No difference was found between DPP–4i and placebo. Comparisons across third–line therapies showed 

significant reductions of body weight for SGLT–2i vs all other agents, from -1.2 kg (-2.0 to -0.4) vs GLP–1RA to -6.0 kg (-

7.6 to -4.5) vs TZD. With the exception of SGLT–2i, GLP–1RA reduced body weight vs all other agents (Table 2). 

The highest probabilities of ranking first (i.e., largest reduction) were observed for rapid insulin for HbA1c (93.8%); SGLT–

2i for FPG (62.7%); and SGLT–2i for body weight (99.8%) (Table S11). 

 

Metformin + Sulphonylurea, follow–up 52 to 54 weeks 

Data on rapid insulin were not available for all three outcomes HbA1c, FPG, and body weight. HbA1c was reported in 6 

RCTs including 2781 participants (Figure 1 and S3; Table S7). In direct comparisons, SGLT–2i reduced HbA1c vs placebo 

by 0.8% (0.6 to 1.1; Table S9). Results of the network meta-analysis indicated a mean HbA1c reduction vs placebo of 1.1% 

(0.8 to 1.4) for TZD, followed by 0.9% (0.6 to 1.2) for GLP–1RA, 0.8% (0.6 to 1.0) for SGLT–2i, and 0.4% (0.1 to 0.8) for 

basal insulin (Table 2 and Figure 2). Comparisons of third–line agents showed no significant difference among TZD, GLP–

1RA, and SGLT–2i which all reduced HbA1c compared to DPP–4i (-0.7%, -0.5%, and -0.4%, respectively) (Table 2). 
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FPG data were available from 2784 participants in 6 RCTs. In direct comparisons SGLT–2i reduced FPG vs placebo by 1.8 

mmol/l (1.5 to 2.1; Table S9). In the network meta-analysis, compared to placebo TZD reduced FPG by 2.4 mmol/l (1.8 to 

3.0), followed by SGLT–2i (1.8 mmol/l; 1.5 to 2.1), basal insulin (1.6 mmol/l; 0.8 to 2.4), and GLP–1RA (1.3 mmol/l; 0.7 to 

2.0); no difference was found between placebo and DPP–4i. Comparisons across agents showed a greater FPG reduction 

with TZD vs DPP–4i (-2.0 mmol/l; -2.8 to -1.1), GLP–1RA (-1.1 mmol/l; -1.6 to -0.5), and basal insulin (-0.8 mmol/l; -1.5 to 

-0.1) and no difference between TZD and SGLT–2i. 

Data on body weight were available from 2807 participants in 6 RCTs. Direct comparisons showed a reduction of body 

weight comparing SGLT–2i to placebo (2.2 kg; 1.6 to 2.4; Table S9). In the network meta-analysis, only SGLT–2i reduced 

body weight vs placebo (2.0 kg; 1.6 to 2.4), with no difference for GLP–1RA and DPP–4i, and an increase for basal insulin 

(3.3 kg; 2.2 to 4.4) and TZD (4.8 kg; 4.0 to 5.7). Comparisons across agents evidenced significant reductions for SGLT–2i 

vs all other agents, from -2.0 kg (-3.0 to -1.0) vs GLP–1RA to -6.8 kg (-7.8 to -5.9) vs TZD. 

The highest probabilities of ranking first were observed for TZD about HbA1c (93.3%) and FPG (94.8%) reduction and 

SGLT–2i (100%) for body weight reduction (Table S11).  

 

Metformin + TZD, follow–up 24 to 36 weeks 

Data on rapid and basal insulin were not available for all three outcomes. HbA1c values were available from 2399 

participants in 8 RCTs (Figure 1 and S3; Table S7). In direct comparisons, the largest HbA1c reduction was observed for 

GLP–1RA vs placebo (0.9%; 0.6 to 1.1; Table S9). In the network meta-analysis, compared to placebo SU reduced HbA1c 

by 1.0% (0.6 to 1.4), followed by GLP–1RA (0.9%; 0.7 to 1.1), and SGLT–2i and DPP–4i (0.7%; 0.4 to 1.0) (Table 2 and Figure 

2). No differences were found comparing third-line agents (Table 2). 

Values of FPG were available in 1792 participants from 6 RCTs. The largest reduction in direct comparisons was found for 

GLP–1RA  vs placebo (1.6 mmol/l; 0.9 to 2.3; Table S9) while network meta–analysis results showed significant FPG 

reductions compared to placebo for SGLT–2i (2.0 mmol/l; 1.0 to 2.9), SU (1.9 mmol/l; 0.8 to 2.9), GLP–1RA (1.6 mmol/l; 

1.0 to 2.1), and DPP–4i (0.8 mmol/l; 0.1 to 1.5) and a greater reduction for SGLT–2i vs GLP–1RA (-1.2 mmol/l; -2.4 to -

0.1). 

Data on body weight from 1532 participants in 5 RCTs were limited to GLP–1RA, SGLT–2i, and SU. Direct comparisons 

showed a reduction of body weight comparing GLP–1RA to placebo (2.4 kg; 2.0 to 2.9; Table S9). In the network meta-

analysis, compared to placebo body weight was reduced by SGLT–2i and GLP–1RA (3.7 kg; 2.9 to 4.5, and 2.4 kg; 2.0 to 

2.9, respectively) and increased by SU (1.1 kg; 0.7 to 1.5). SGLT–2i reduced body weight compared to GLP–1RA (-1.3 kg; -

2.2 to -0.4). 
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The highest probabilities of ranking first were observed for SU in terms of HbA1c reduction (64.5%) and SGLT–2i for FPG 

(49.4%) and body weight (99.7%) reduction (Table S11).  

 

Safety outcome: all hypoglycaemic events 

Metformin + Sulphonylurea, follow–up 24 to 36 weeks 

Data on all hypoglycaemic events were available from 15 RCTs (1334 participants with event in 6330 total participants) 

and for all agents except rapid insulin (Figure 1 and S3; Table S8). In direct comparisons, the largest increased risk of 

hypoglycaemia was observed for DPP–4i vs placebo (OR 3.1; 1.5 to 6.1; Table S12). Results of the network meta-analysis 

showed that all agents except SGLT–2i increased the risk of hypoglycaemia vs placebo, with ORs ranging from 2.3 (1.3 to 

4.0) for GLP–1RA to 3.6 (2.1 to 6.3) for basal insulin (Figure 2 and Table 3). No differences were found comparing agents 

against each other. Excluding placebo, basal insulin (56.4%) and SGLT–2 (52.0%) had the highest probability to be the 

worst and best treatment, respectively (Table S11).  

 

Metformin + Sulphonylurea, follow–up 52 to 54 weeks 

Data were available from all agents except rapid insulin in 5 RCTs, 2483 total participants, and 852 participants with event 

(Figure 1 and S3; Table S8). SGLT–2i did not significantly increase the risk of hypoglycaemia in direct comparisons (OR 1.6; 

0.9 to 3.0; Table S12). Network meta-analyses results showed a higher risk of hypoglycaemia for GLP–1RA (OR 2.1; 1.1 to 

4.0), TZD (3.6; 1.9 to 6.7), and basal insulin (3.7; 1.8 to 7.7) and no increased risk for SGLT–2 and DPP–4i when compared 

to placebo (Figure 2 and Table 3). Comparisons across agents showed no difference between SGLT–2i and DPP–4i and a 

reduced risk for GLP–1RA vs both basal insulin (0.6; 0.4 to 0.8) and TZD (0.6; 0.4 to 0.9). Amongst active treatments, basal 

insulin (55.7%) and DPP–4i (48.7%) had the highest probability to be the worst and best treatment, respectively (Table 

S11).     

 

Metformin + TZD, follow–up 24 to 36 weeks 

Data were available from 7 RCTs, 2249 total participants, 207 participants with event, and all agents except rapid and 

basal insulin (Figure 1 and S3; Table S8). In direct comparisons, the largest increased risk of hypoglycaemia was observed 

for GLP–1RAs vs placebo (OR 2.9; 1.7 to 4.7; Table S12). Results of the network meta-analysis showed that, compared to 

placebo, the risk of hypoglycaemia was higher for GLP–1RA (OR 2.9; 1.8 to 4.5) and SU (12.5; 5.0 to 25.0) and not different 

for SGLT–2i and DPP–4i (Figure 2 and Table 3). No difference was found between SGLT–2i and DPP–4i while SU increased 
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the risk compared to GLP–1RA (4.2; 1.6 to 11.1). Amongst active treatments, SU (91.8%) and DPP–4i (63.5%) had the 

highest probability to be the worst and best treatment, respectively (Table S11).     

 

Heterogeneity, inconsistency, publication bias, and overall quality of evidence 

Heterogeneity (Table S13) and inconsistency (Tables 2 and 3) were statistically significant for FPG in the analysis of short-

term RCTs with background metformin and SU. In meta-regressions, the reduction of FPG was not related to age, sex, 

diabetes duration, or baseline HbA1c; the only exception was GLP–1RA, whose effect was related to diabetes duration. 

As some networks had no degrees of freedom, it was not possible to quantify inconsistency for all analyses. 

Visual inspection of comparison-adjusted funnel plots did not suggest small-study effects for active treatments vs placebo 

comparisons (Figure S4). 

The overall confidence in the results using the modified GRADE system was deemed high for HbA1c and body weight in 

short-term RCTs with background metformin and SU and moderate or low in other analyses (Table S14).    
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DISCUSSION 

 

Existing consensus guidelines advocate flexibility in second- and third-line pharmacotherapy choices as part of a more 

holistic approach to glucose control in patients with type 2 diabetes.1,2 This marks a definite move away from the 

constraints of hierarchy-driven algorithms and offers greater scope for individualised care. Whilst selective glucose 

lowering therapies have good evidence for efficacy and safety across a range of populations and conditions, it could be 

argued that the majority of clinical trials are still designed to provide information which relate more to the “traditional” 

approach of metformin first, SU second, and insulin or another agent third. In this analysis of 43 RCTs published up to 

July 2017, we showed that 70% of RCTs examined the effects of third–line agents (recognised as particularly important 

in the stepwise approach to management) added to the combination of metformin and either SU or TZD, corresponding 

to 67% of all participants included in short–term (24 to 36 weeks) RCTs. Evidence for the effectiveness and safety of a 

third agent combined for example with metformin and DPP–4i, GLP–1RA, or SGLT–2i is far less clear. In fact, there were 

not enough short- or longer-term triple therapy studies using any combinations other than metformin and SU or 

metformin and TZD to allow a formal meta–analysis and draw firm conclusions.  

When formal analyses could be performed, high or moderate-quality evidence indicated a larger short–term (24–36 

weeks) reduction of HbA1c with rapid acting insulin or GLP–1RA in patients on metformin and SU, and a similar efficacy 

between SGLT–2i and GLP–1RA; for body weight, however, these two treatments outperformed other drugs and did not 

increase the risk of hypoglycaemia. These findings, which are different from previous analyses not including RCTs of 

newer glucose–lowering drugs,6,9 would suggest SGLT–2i or GLP–1RA as desirable options after metformin and SU, taking 

into account the slightly greater reduction of body weight for SGLT–2i vs GLP–1RA (1.2kg) and the different safety profile 

(i.e., genital infections and SGLT–2i and gastrointestinal side effects for GLP–1RA). These are important observations 

highlighting the novel and particularly useful mechanism of action of these drugs when used in combination with other 

glucose lowering agents. There were less data from studies of more than 36 weeks duration, highlighting a recognised 

and largely universal lack of trial evidence in support of long–term durability of glucose–lowering therapies at this stage 

of disease (low-quality evidence, Table S14).22-24 Within this limitation, the superior efficacy of SGLT–2i and GLP–1RA in 

reducing HbA1c was less clear in participants followed up for a year, with numerical greater efficacy for TZD. However, 

TZD significantly increased body weight compared to both SGLT–2i (6.9kg) and GLP–1RA (4.9kg) while SGLT–2i confirmed 

the highest efficacy in reducing body weight (2 kg lower vs placebo) and the lowest risk of hypoglycaemia, thus suggesting 

some stability in the effects of these agents over time.  
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For metformin and TZD dual failure, the evidence is less convincing with only 8 short-term RCTs and none involving insulin 

as third line option. The addition of SU, GLP–1RA, SGLT–2i or DPP–4i all lowered HbA1c and FPG compared with placebo 

but there was no difference among agents. Although the limited number of studies incorporating this combination makes 

it impossible to draw firm comparisons, once again body weight was reduced more by SGLT–2i compared to other 

treatments, including GLP1–RA (1.3kg), in line with a previous finding.7 Moreover, treatment with SGLT–2i confirmed the 

low risk of hypoglycaemia.  

To our knowledge, this is the first attempt to systematically compare the totality of evidence for all available agents in 

patients with type 2 diabetes sub–optimally controlled on dual combination therapy. By deliberately connecting this to 

current consensus guidance, we hope to provide a highly relevant and thought provoking update for clinicians (and 

patients) charged with making the right decision at this critical stage of management. We combined clinically meaningful 

efficacy and safety outcomes to investigate the available data for each dual failure combination, rather than using a 

generic dual failure term. We did not limit the comparisons to specific drugs and explored all available third line agents 

in a rapidly expanding field using transparent and reproducible methods. There was a significant amount of new data on 

GLP–1RA and SGLT–2i, the absence of which may have limited the findings of previous network meta–analyses. We also 

included both short- and longer-term trials in an attempt to capture all available information, provide an assessment of 

treatment durability, and reduce the bias of heterogeneous comparisons given the time-dependent efficacy of glucose-

lowering drugs.25 The finding of significant differences in the number of available RCTs by background therapy is relevant 

and challenges available guidelines which suggest any third–line glucose–lowering drugs can be used, regardless of the 

specific dual treatment failure. Conversely, our data would rather indicate that for triple therapy the evidence is at best 

available only in patients on metformin and SU (high– or moderate–quality evidence) or metformin and TZD (moderate 

quality). Along with qualitative differences, future guidelines should also recognise that there are significant quantitative 

differences in the evidence supporting the choice of a third agent for different dual therapy failures, and ideally make 

this clearer adding quantitative indicators (as in Figure 1, for example). 

As with all research, there are a number of limitations of the analysis that warrant discussion. One criticism is multiple 

statistical testing among treatments. Whilst we cannot exclude random chance as a possible explanation for some of our 

findings, there was clear consistency across and indeed between our networks particularly in the findings with respect to 

SGLT–2i. We opted to report all results with 95% confidence intervals to facilitate the clinical interpretation of absolute 

differences rather than focusing only on “statistically significant” differences or ranking probabilities. We characterised 

groups in a homogeneous way by background dual therapy and duration of follow-up, yet differences are present in study 

quality and possible in outcomes reporting, mainly for hypoglycaemia. Although TZDs, SUs, and some insulins (Glargine, 
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Isophane, and Lispro) were approved before 2000, we limited the search to RCTs published after January 2000 because 

most of the drugs investigated have been developed only in recent years. Of note, the number of three-drug 

combinations adding TZDs, SUs, or insulin to metformin is very limited (only six) and the choice of a third-line agent has 

emerged as a clinical question in recent years with the availability of other glucose-lowering drugs. Furthermore, 

designing, conducting, and reporting of RCTs has significantly improved in the last years (possibly following the 

introduction of specific guidelines), resulting in more standardised and homogeneous studies. We did not attempt to 

compare some class–specific side effects because they are systematically reported only for some drugs (i.e., 

gastrointestinal side effects for GLP–1RA or genitourinary infections for SGLT–2i), limiting the possibility to combine data. 

The search was confined only to published data in journal articles or available on ClinicalTrials.gov, introducing a possible 

bias as they are more likely to report ‘positive’ findings compared to unpublished reports. Moreover, within each dual 

combination therapy, we assumed that participants could be randomly allocated to any of the treatments being 

compared (since average baseline characteristics were similar). However, it should be also noted that HbA1c reduction 

could in part be related to different baseline HbA1c values across RCTs.26 Lastly, results for FPG in short–term RCTs with 

background metformin and SU should be interpreted in view of the presence of significant heterogeneity and 

inconsistency. As age, sex, duration of diabetes, and baseline HbA1c did not explain heterogeneity, it is possible that 

other factors not captured in this analysis contribute to both heterogeneity and inconsistency.   

In accordance with the American Diabetes Association and the European Association for the Study of Diabetes position 

statement, we combined drugs within the same class, although there are some within–class differences.22-24 Most trials 

were comparatively small, short-term, and evaluated intermediate biomarkers of uncertain long–term relevance to 

patients. Recent evidence from much larger cardiovascular outcome trials (i.e., EMPA–REG OUTCOME, LEADER, 

SUSTAIN–6, CANVAS, EXSCEL, TOSCA) and meta–analyses are now quite correctly influencing treatment decisions in 

patients with diabetes.27-34 Whilst recognising this as a limitation of the study, the same could be said of the glucose 

thresholds used in existing treatment algorithms. From a clinical perspective, we still considered it important to establish 

relative glucose–lowering efficacy and safety amongst treatment regimes following dual therapy failure. Lastly, this 

meta–analysis shares the same drawbacks common to other network analyses.35 

It is not possible to deliver individualised care to patients with type 2 diabetes without a coherent understanding of the 

relative efficacy and safety of available therapeutic options. Our findings highlighted to clinicians and decision makers 

the relative lack of evidence for a large number of triple therapy glucose–lowering combinations. All agents in this 

comprehensive network meta–analysis, whether combined with metformin and SU or metformin and TZD, were effective 

at lowering blood glucose and HbA1c. There were, however, relative differences in their potential to lower glucose and 
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influence body weight in this situation. SGLT–2is were found to have similar glucose lowering potential to other classes 

but appeared to have superior effects on body weight and a lower risk of hypoglycaemia. As the evidence for third 

glucose–lowering agents in other dual failures is extremely limited, the choice can be based almost exclusively on clinical 

judgement until new data are available. 
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FIGURE LEGENDS 

Figure 1: Number of participants by background therapy, outcome, and duration of RCTs 

Legend: * Basal/Rapid 

 

Figure 2: Differences vs placebo in efficacy outcomes and hypoglycaemia 

Legend: Differences for HbA1c in mmol/mol are reported in Supplementary Appendix Table S10.  

 

Abbreviations | DPP–4i: Dipeptidyl peptidase–4 inhibitor; GLP–1RA: Glucagon–like peptide–1 receptor agonist; SGLT–2i: 

Sodium–glucose cotransporter–2 inhibitor; SU: Sulphonylurea; TZD: Thiazolidinedione 
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