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ABSTRACT

Introduction: Current guidelines recommend
adding an oral antihyperglycemic agent (AHA)
to metformin in patients with type 2 diabetes
mellitus (T2DM) uncontrolled on metformin.
Recent randomized clinical trials (RCTs) have
demonstrated that adding dual AHAs instead of
a single AHA provided more effective glycemic
control. However, the comparative efficacy of
approved single and dual initiation strategies is
unknown. Therefore, we conducted a Bayesian
network meta-analysis to compare the efficacy
of dual and single add-on oral AHAs in patients
uncontrolled on metformin.

Methods: A systematic literature review of RCTs
was conducted following Cochrane and ISPOR
guidelines. MEDLINE, Embase, and CENTRAL
were searched from inception to November 19,
2019. Approved oral doses of sodium–glucose
co-transporter-2 (SGLT-2) inhibitors, dipeptidyl
peptidase-4 (DPP-4) inhibitors, and glucagon-
like peptide-1 (GLP-1) receptor agonists in sin-
gle or dual initiation therapies were indirectly
compared. Outcomes focused on efficacy and
included mean change from baseline in hemo-
globin A1c (HbA1c), weight, systolic blood
pressure (SBP), diastolic blood pressure, and
achieving HbA1c target\7% at 24–26 weeks.
Fixed and random effects models with Markov
chain Monte Carlo simulations were used.
Results: Of 1955 unique records screened, 25
RCTs (14,264 participants) were included. In
patients uncontrolled on metformin, dual AHA
added to metformin had statistically significant
or a trend of greater reduction in HbA1c com-
pared to single AHAs, with ertugliflozin ?

sitagliptin showing the greatest improvement.
Statistically significant reductions in weight and
SBP were observed with ertugliflozin ?

sitagliptin, ertugliflozin, or canagliflozin com-
pared to single initiation DPP-4 inhibitors.
Conclusion: For reduction of HbA1c, weight,
and SBP in patients uncontrolled on metformin,
add-on dual AHAs showed greater improvement
compared to single AHAs. These findings can
further inform the treatment of T2DM patients
uncontrolled on metformin.
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y) contains supplementary material, which is available
to authorized users.

D. Lautsch (&) � A. Alsumali � U. Arnet �
S. Rajpathak
Merck Sharp & Dohme Corp., a subsidiary of Merck
& Co., Inc., Kenilworth, NJ, USA
e-mail: dominik.lautsch@merck.com

E. McLeod
Pfizer, Inc., Tadworth, UK

Y. Kuang � J. He � A. Nevo � J. Uyei
IQVIA, Inc., San Francisco, CA, USA

R. Singh
IQVIA, Inc., Mumbai, India

Diabetes Ther (2021) 12:389–418

https://doi.org/10.1007/s13300-020-00975-y

https://doi.org/10.1007/s13300-020-00975-y
https://doi.org/10.1007/s13300-020-00975-y
https://doi.org/10.1007/s13300-020-00975-y
https://doi.org/10.1007/s13300-020-00975-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-020-00975-y&amp;domain=pdf
https://doi.org/10.1007/s13300-020-00975-y


Keywords: Dual initiation; Network meta-
analysis; Oral antihyperglycemic agent; Type 2
diabetes

Key Summary Points

Recent randomized clinical trials (RCTs)
have demonstrated that adding dual
antihyperglycemic agents (AHAs) instead
of a single AHA to metformin provided
more effective glycemic control. However,
the comparative efficacy of dual and
single initiation of approved oral sodium-
glucose co-transporter-2 (SGLT-2)
inhibitors, dipeptidyl peptidase-4 (DPP-4),
and glucagon-like peptide-1 (GLP-1)
receptor agonists for type 2 diabetes
mellitus (T2DM) is unknown, and no
head-to-head trials exist.

The aim of this research was to understand
the efficacy of approved oral AHAs at
24–26 weeks in patients with T2DM
uncontrolled on metformin by
conducting a systematic literature review
and Bayesian network meta-analysis.

Dual initiation therapies were to be
consistently more effective in lowering
HbA1c levels compared to placebo and
single initiation therapies, particularly
with ertugliflozin ? sitagliptin dual
initiation therapy.

Most dual initiation therapies, single
initiation oral GLP-1 receptor agonists,
and SGLT-2 inhibitors were significantly
better in lowering body weight and SBP
compared to single initiation DPP-4
inhibitors.

Clinicians can consider dual initiation
strategies as viable alternative for T2DM
patients uncontrolled on metformin
alone.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13252250.

INTRODUCTION

Effective clinical management of type 2 diabetes
mellitus (T2DM) requires an optimized treat-
ment strategy to ensure adequate glycemic
control and reduce diabetic complications [1].
Due to the progressive nature of T2DM, the
standard first-line metformin monotherapy
often becomes insufficient in achieving gly-
cemic control, necessitating the use of addi-
tional therapy. The UK Prospective Diabetes
Study (UKPDS) reported that almost 50% of
newly diagnosed patients using monotherapy
require the addition of a second drug after 3
years and 75% of patients need additional
agents by 9 years [2]. The 2020 American Dia-
betes Association (ADA) Standards of Care has
recommended the addition of oral agents to
metformin if the hemoglobin A1c (HbA1c) tar-
get is not achieved after approximately 3
months of metformin monotherapy [3]. Besides
frequent monitoring of HbA1c as recommended
by clinical practice guidelines [4, 5], published
evidence suggests that patients with an early
intensification program had significantly
shorter time to attain HbA1c goals compared to
those who did not undergo early treatment
intensification [6, 7].

Currently, many multiple oral antihyper-
glycemic agents (AHA) are prescribed for
patients uncontrolled on metformin
monotherapy, including sodium-glucose co-
transporter-2 (SGLT-2) inhibitors, dipeptidyl
peptidase-4 (DPP-4) inhibitors, glucagon-like
peptide-1 (GLP-1) receptor agonists, thiazo-
lidinediones, and sulfonylureas. A suit-
able combination therapy could potentially
improve HbA1c control without hypoglycemia,
promote weight control, and provide additional
benefits through complementary mechanisms
of actions, such as cardiovascular benefits

390 Diabetes Ther (2021) 12:389–418

https://doi.org/10.6084/m9.figshare.13252250
https://doi.org/10.6084/m9.figshare.13252250


associated with SGLT-2 inhibitors. While the
use of sulfonylurea or thiazolidine is not ideal
because of its association with increased body
weight and hypoglycemia, combination thera-
pies with the other classes are often considered
based on the patient needs and risk factors [3].

Despite the need for additional treatment
strategies for T2DM patients who fail on met-
formin monotherapy, a paucity of RCTs assess-
ing head-to-head comparisons between dual or
single initiation therapies remains. Previous
network meta-analyses (NMA) have compared
mostly single initiation therapies individually
[8, 9] or as treatment classes [10] in patients
uncontrolled on metformin alone, but there
was no comparison between dual and single
initiation therapies. In this regard, with the
recent advances in oral AHA available for this
population, an NMA including both dual and
single initiation therapies can provide a statis-
tical framework to evaluate multiple direct or
indirect comparisons across these therapies as
add-on to metformin and to support clinical
decisions based on the comparative efficacy of
these treatment options.

Therefore, a Bayesian NMA was conducted
on the basis of a comprehensive systematic lit-
erature review (SLR), with the overarching aim
to evaluate the comparative efficacy of single
and dual initiated approved oral doses of SGLT-
2 inhibitors, DPP-4 inhibitors, and GLP-1
receptor agonist (all in combination with met-
formin) at 24–26 weeks in adult T2DM patients
uncontrolled on metformin in RCTs.

METHODS

An SLR of published literature was conducted
for this research, and a Bayesian NMA was used
to synthesize the evidence. This article is based
on previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors. A pre-specified protocol was developed
prior to the conduct of the research. However,
the systematic review was not registered in
PROSPERO or other public registry platforms.

Data Sources and Searches

This study was performed as per a prespecified
protocol in accordance with the Cochrane and
International Society for Pharmacoeconomics
and Outcomes Research (ISPOR) guidelines for
conducting and reporting SLRs and NMAs
[11–13]. The PRISMA checklist can be found in
Supplementary Appendix Table 1. The OVID�

SP platform was used to conduct searches in the
Excerpta Medica Database (Embase), Medical
Literature Analysis and Retrieval System Online
(MEDLINE�) and Cochrane (via Evidence-Based
Medicine [EBM]) on November 2019 for Eng-
lish-language RCTs reporting outcomes at 24–-
26 weeks of follow-up (see Supplementary
Appendix Table 2 for full search strategy). In
addition, registries (ClinicalTrials.gov and the
European Union’s Clinical Trials Register por-
tals) were also accessed for missing variables and
to ensure all relevant trials were identified.
Clinical study reports for the VERTIS FACTOR-
IAL, VERTIS MET, and VERTIS SU trials were
provided by Merck Sharp & Dohme Corp. and
used supplementary data sources to the corre-
sponding trial publications.

Publications identified through the system-
atic review process were evaluated in a stepwise
process to assess whether they should be inclu-
ded for data extraction. Citations identified
from the literature database searches were
managed using the standard reference man-
agement software EndNote (X8), and DistillerSR
was used to manage the screening process.

Study Selection

During the review process, the Patient popula-
tion, Interventions, Comparators, Outcomes,
Time and Study design (PICOTS) criteria were
used for assessment of inclusion or exclusion of
the studies in the NMA (Table 1). In brief, the
SLR included RCTs on adults (age C 18 years)
with T2DM and uncontrolled HbA1c
(HbA1c[7.0%) while on metformin, who were
administered any of the approved oral doses of
SGLT-2 inhibitors, DPP-4 inhibitors, and GLP-1
receptor agonists, as single or dual initiation
therapies adjunctive to metformin. Eligible
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Table 1 PICOTS for the systematics literature review

Criterion Description

Patient population T2DM (adults, C 18 years),

uncontolled HbA1c

(HbA1c[ 7.0%), being

managed with metformin

Interventions Approved doses of the

following oral therapies and

their combinations (dose

reported as once daily if not

otherwise specified):

Metformin ? SGLT-2i

(ertugliflozin 5 mg/15 mg,

canagliflozin 100 mg/300 mg,

dapagliflozin 5 mg/10 mg,

empagliflozin 10 mg/25 mg)

Metformin ? DPP-4i

(saxagliptin 2.5 mg/5 mg,

linagliptin 5 mg, alogliptin

25 mg, sitagliptin 100 mg,

vildagliptin 50 mg twice per

day)

Metformin ? DPP-

4i ? SGLT-2i (DPP-4i:

saxagliptin 2.5 mg/5 mg,

linagliptin 5 mg, alogliptin,

vildagliptin, sitagliptin

100 mg; SGLT-2i:

ertugliflozin 5 mg/15 mg,

canagliflozin 100 mg/300 mg,

dapagliflozin 5 mg/10 mg,

empagliflozin 10 mg/25 mg)

Metformin ? oral GLP-1 RA

(semaglutide 7 mg/14 mg)

Comparators Same as interventions, and

metformin ? placebo

(dosing studies that only

included metformin were

excluded)

Table 1 continued

Criterion Description

Outcomes Continuous outcomes—

Changes in HbA1c (%),

weight (kg), SBP (mmHg),

DBP (mmHg)

Binary outcomes—HbA1c

within target range

(exploratory outcome:

expected range defined as:

HbA1c\ 7.0%)

Time No date restriction

Study design RCT

Restrictions Trial duration: Outcomes

reported at 24 ± 2 weeks

(trials longer than 24 weeks

were reviewed to capture any

interim reporting at the 24 to

26-week target timeframe)

Language: English

Country: any

Exclusions in addition

to not meeting

PICOTS criteria

Patients receiving insulin at

study entry

Insulin as a comparator

treatment

Non-human

Type 1 diabetes

Children (age\ 18 years)

DBP diastolic blood pressure, DPP-4i dipeptidyl pepti-
dase-4 inhibitor, GLP-1 RA glucagon-like peptide-1
receptor agonist, HbA1c glycated hemoglobin, RCT ran-
domized clinical trial, SBP systolic blood pressure, SGLT-
2i sodium–glucose co-transporter 2 inhibitor
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comparators were the above interventions of
interest or placebo adjunctive to metformin. All
types of RCTs were considered if meeting
PICOTS eligibility criteria, including both two-
and multi-arm studies. Studies evaluating
injectable AHA, insulin, diet, and exercise
interventions were excluded. Efficacy outcomes
included change from baseline in HbA1c,
weight, systolic blood pressure (SBP), diastolic
blood pressure (DBP), and proportion of
patients achieving HbA1c\7% at 24–26 weeks
of follow-up.

All retrieved publications were initially
reviewed based on abstract and title against the
pre-defined eligibility criteria (PICOTS) by two
reviewers. Publications included after title and
abstract review were screened based on the full
text by two reviewers. Uncertainty pertaining to
inclusion of any study during the abstract and
full-text screening steps was resolved either
through reconciliation between the two
reviewers or by majority consensus after con-
sulting with a third reviewer. All studies inclu-
ded after the completion of full-text reviews
were retained for quality assessment and data
extraction.

Data Extraction and Quality Assessment

A data extraction template was developed to
capture the evidence, and data were extracted
for each study based on the outcome measures
defined in the PICOTS criteria (Table 1). Data
were extracted by one reviewer and reassessed
by a second reviewer to ensure quality and
completeness. Outcomes used in the NMA were
extracted by two independent researchers and
then reconciled.

The Revised Cochrane Risk of Bias Tool for
Randomized Trials (RoB2) was used to perform
quality assessment of individual studies [14].

Data Synthesis and Analysis

The feasibility of conducting an NMA was
assessed by evaluating the formation of treat-
ment networks across included studies and by
recognizing any differences in patients or study
design characteristics that are potential

modifiers of treatment effects. The NMA feasi-
bility assessment was performed on all out-
comes of interest as per the PICOTS criteria.
Standard errors were missing for three studies in
weight and two studies in blood pressure out-
comes. Data were imputed following the
Cochrane Handbook [11]. In all cases, values
were imputed by borrowing the standard error
from a similar group (same treatment and sim-
ilar baseline characteristics) from a different
trial.

A Bayesian NMA was conducted, and the
models were based on those presented in the
National Institute of Health and Care Excel-
lence (NICE) Decision Support Unit (DSU)
Technical Support Document (TSD) 2 [15]. The
evidence was synthesized using OPENBUGS
version 3.2.3 via R Studio for both fixed effects
(FE) and random effects (RE) Bayesian NMA
models. Fitness of FE and RE models was eval-
uated individually for each outcome, as indi-
cated by the deviance information criteria (DIC)
values. For each outcome, the model with a
lower DIC value was selected [16]. In cases
where DIC was lower for the RE model com-
pared with the FE model, the RE model was
selected for enhanced rigor. Posterior densities
for the unknown parameters were estimated
using Markov chain Monte Carlo (MCMC)
simulations. The analyses were based on 60,000
iterations on two chains, with a burn-in of at
least 20,000 iterations. An identity link model
was used for continuous outcomes (e.g., change
in HbA1c from baseline) while Logit link with
binomial likelihood distribution was used for
binary outcomes (e.g., proportion of patients
with HbA1c within target range). Non-infor-
mative prior distributions of relative treatment
effects were used for all outcomes of interest,
per published expert guidelines.

Trial-level data were used rather than indi-
vidual-level data. For binary outcome(s), the
pairwise odds ratios for each pair of compar-
isons and the absolute treatment effects for each
intervention are presented. For continuous
outcomes, the mean differences between each
pair of treatments and the mean change from
baseline for each intervention are presented.
NMA results are presented as the posterior
median of mean difference for continuous
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outcomes and posterior median odds ratio for
binary outcomes. Credible intervals (Crls) of
95% were used to determine statistical signifi-
cance. Crls were statistically significant for
mean change if they did not include 0 or 1 for
odds ratios. Uncertainties associated with
treatment effect sizes are presented using the
upper and lower limits of 95% CIs. Ranking
probabilities of treatments were derived using
Surface Under the Cumulative Ranking Curve
(SUCRA) and median rank for each treatment.

To understand how effect modifiers might
impact the results of evidence synthesis,
imbalances of effect modifiers across studies
(i.e., heterogeneity) or across comparisons (i.e.,
inconsistency) were tested. Tests of inconsis-
tency were performed based on methods pre-
sented in NICE DSU TSD 4 [17] to evaluate the
agreement of indirect evidence and direct evi-
dence. To assess the impact of study

heterogeneity on the results, sensitivity analy-
ses were performed for all outcomes by exclud-
ing studies with heterogeneity in effect
modifiers.

RESULTS

Systematic Literature Review

The literature review identified 1955 non-du-
plicate publications. Upon completion of title
and abstract review, 170 publications were
retained for full-text review. After full-text
review, 25 unique RCTs were included in the
SLR, from 63 publications and 3 clinical study
reports. Figure 1 displays the Preferred Report-
ing Items for Systematic Reviews and Meta-
Analyses (PRISMA) diagram of studies included
in the SLR.

Fig. 1 PRISMA flowchart
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Study Characteristics, Outcomes,
and Quality Assessment

Baseline characteristics for the study population
of the 25 included studies are described in
Table 2. Efficacy outcome data for all studies are
available in the Supplementary Appendix
Table 3. A total of 14 studies included SGLT-2
inhibitors with or without DPP-4 inhibitors,
and 10 studies included DPP-4 inhibitors only,
while 1 study included a GLP-1 receptor agonist
single initiation therapy (PIONEER 2). A total of
six studies reported the dual initiation of SGLT-
2 and DPP-4 inhibitors, of which four studies
assessed the combination of dapagliflozin ?

saxagliptin [18–21] and one study each on the
combination of empagliflozin ? linagliptin [22]
and ertugliflozin ? sitagliptin [23]. The treat-
ment groups were comparable within and
across the included studies in terms of the mean
baseline age (range 52.7–60.8 years) and mean
baseline SBP (range 126–138.8 mmHg). Some
differences were found in terms of mean base-
line HbA1c (range 7.2–9.3%), which could
potentially influence the outcome on attaining
HbA1c\ 7%. However, it was decided that the
levels of baseline HbA1c were acceptable for
comparison and differences were not egregious
enough to exclude studies based on this factor,
and we opted in favor of maintaining a com-
prehensive evidence base. The mean baseline
weight ranged from 67.9 to 97.7 kg, with six
Asian studies [24–29] reporting relatively lower
mean baseline weight of B 71.6 kg across treat-
ment groups. Likewise, the mean baseline body
mass index (BMI) was relatively lower in the six
Asian studies (mean BMI B 26.4) compared to
the other included studies (mean BMI range
28.7–33.3). Other potential effect modifiers,
such as background therapy regimen, propor-
tion of females, and duration of diabetes, were
found to be relatively similar across all studies.
The quality of individual studies was evaluated
using the Revised Cochrane Risk of Bias Tool for
Randomized Trials (RoB2) [14]. A low overall
risk of bias was observed for 84% of the included
studies, some concerns were observed for three
studies, while one study (PIONEER 2) presented
high risk of bias owing to its open-label com-
parison of empagliflozin 25 mg versus

semaglutide 14 mg [30] (Supplementary
Appendix Fig. 1).

Network Meta-Analysis

The NMA was found to be feasible for all out-
comes—mean change from baseline to 24 (± 2)
weeks in HbA1c (N = 25 studies), weight
(N = 22 studies), SBP (N = 14 studies), and DBP
(N = 14 studies)—and for the proportion of
patients with HbA1c\7% (N = 21 studies). The
patients and study design characteristic were
considered similar across the included studies,
except that low weight and BMI were observed
for six Asian studies, and potential high risk of
bias was observed with the PIONEER 2 open-
label study [30]. Sensitivity analyses were con-
ducted to remove these studies to assess the
impact of these potential effect modifiers. The
network diagrams and forest plots for key effi-
cacy outcomes of change from baseline in mean
HbA1c, weight, and SBP are shown in Figs. 2
and 3, respectively. The corresponding tables on
the pairwise comparisons are presented in
Table 3 through Table 5. SUCRA values and
median rank are presented in Supplementary
Appendix Table 4. The network diagrams, forest
plots, and pairwise comparison league tables for
the other efficacy outcomes assessed in the
NMA are provided in the supplementary
appendix.

The test of inconsistency performed for the
overall network of evidence as per the NICE
DSU TSD 4 [17] recommendations indicated a
certain degree of inconsistency in the evidence
base for the outcomes of interest, and the results
are provided in supplementary appendix
Table 5.

Mean Change in HbA1c From Baseline

The RE model was selected for all analyses of
mean change in % HbA1c from baseline, as a
lower DIC value was observed with the RE
model compared to the FE model. A lower DIC
value indicates that the RE model was advisable
for this outcome with an improved model fit
and enhanced rigor (DIC difference: 9.0). All the
dual and single initiation therapies

400 Diabetes Ther (2021) 12:389–418



Fig. 2 Network diagrams of studies evaluating efficacy of
antihyperglycemic agents in change from baseline in
a HbA1c; b weight; c systolic blood pressure. Treatment
dosages are presented as mg per day if not otherwise
specified. All patients received metformin as background
therapy. Only oral dosages approved in the US and EU
were included in the network meta-analysis. Vilda is only

approved in the EU, at 50 mg twice a day (bid). Vilda is
not approved in the US. Alo alogliptin, bid twice a day,
Cana canagliflozin, Dapa dapagliflozin, Empa empagli-
flozin, Ertu ertugliflozin, EU, Europe, Exen exenatide,
Glim glimepiride, Lina linagliptin, Lira liraglutide, PBO
placebo, Saxa saxagliptin, Sema semaglutide, Sita sitaglip-
tin, US United States, Vilda vildagliptin
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demonstrated statistically significant reductions
(i.e., improvement) in HbA1c from baseline
compared to placebo (Fig. 3a).

In addition, the pairwise comparison
between active treatments indicated more
favorable results with dual initiation therapies
than single initiation therapies (Table 3). In
particular, the change in HbA1c from baseline
was statistically significantly greater with ertu-
gliflozin 5 mg ? sitagliptin 100 mg and ertugli-
flozin 15 mg ? sitagliptin 100 mg dual
initiation therapies than with all single initia-
tion therapies except semaglutide 14 mg.
Semaglutide 14 mg had no statistically signifi-
cant difference compared with all dual initia-
tion therapies.

Mean Change in Weight From Baseline

For mean change in weight from baseline, the
RE model was selected for all analyses since the
DIC value was lower for the RE model compared
to the FE model by 3.7 points, suggesting that
the RE model was advisable. A significantly
greater reduction in mean weight was observed
compared to placebo for all dual initiation
therapies, single initiated SGLT-2 inhibitors,
and semaglutide. However, none of the DPP-4
inhibitors (saxagliptin 2.5 mg, alogliptin 25 mg,
sitagliptin 100 mg, saxagliptin 5 mg, vildaglip-
tin 50 mg twice a day [bid], and linagliptin
5 mg) showed statistically significant

differences in weight reduction compared to
placebo (Fig. 3b).

In the pairwise comparison of active treat-
ments (Table 4), all dual initiation therapies
were associated with a statistically significant
reduction in weight compared to DPP-4 single
initiation therapies of sitagliptin 100 mg, sax-
agliptin 5 mg, vildagliptin 50 mg bid, and lina-
gliptin 5 mg. Pairwise comparisons of the dual
initiation therapies to the remaining single
initiation therapies were not statistically signif-
icant. Weight reduction was similar across all
dual initiation therapies.

Mean Change in Systolic Blood Pressure
From Baseline

For mean change in SBP, the DIC of the FE
model was lower than the RE model by 0.8
point. In addition, since the SBP outcomes were
reported in only 14 studies and there were
minimal variations across included studies in
terms of baseline mean SBP, the FE model was
preferred and selected for all the analyses of
mean change in SBP. Compared to placebo, all
the dual initiation therapies and 10 of the 12
single initiation therapies demonstrated statis-
tically significant improvements in SBP. How-
ever, saxagliptin 5 mg and saxagliptin 2.5 mg
showed only a trend of more favorable results
compared to placebo (Fig. 3c).

For the pairwise comparison of active treat-
ments in decreasing SBP, both the ertugliflozin
dual initiation therapies (i.e., ertugliflozin
5 mg ? sitagliptin 100 mg and ertugliflozin
15 mg ? sitagliptin 100 mg) were associated
with a significantly greater reduction of SBP
compared to single initiation therapies of all
DPP-4 inhibitors in the analysis (saxagliptin
2.5 mg, saxagliptin 5 mg, and sitagliptin
100 mg; Table 5). For the other dual initiation
therapies, dapagliflozin 5 mg ? saxagliptin
5 mg showed significantly greater reductions of
SBP compared with saxagliptin 5 mg
(- 2.05 mmHg [95% CrI - 3.74, - 0.37]). How-
ever, a statistically significantly greater reduc-
tion of SBP was observed for canagliflozin
300 mg compared with dapagliflozin
5 mg ? saxagliptin 5 mg (- 3.10 mmHg [95%

bFig. 3 Forest plots for mean difference in efficacy
outcomes in active treatment versus placebo groups:
a HbA1c mean change from baseline (%; RE); b weight
mean change from baseline (kg; RE); c SBP mean change
from baseline (mmHg; FE). For difference in mean change
from baseline, lower values (\ 0) indicate more favorable
results. Credible intervals not including 0 indicate statis-
tically significant difference, which are highlighted in blue
in the figure. Alo alogliptin, bid twice a day, Cana
canagliflozin, CrI Credible interval, Dapa dapagliflozin, Dt
mean difference between treatments, Empa empagliflozin,
Ertu ertugliflozin, FE fixed effects model, HbA1c glycated
hemoglobin, Lina linagliptin, Lira liraglutide, Pbo placebo,
RE random effects model, Saxa saxagliptin, SBP systolic
blood pressure, Sema semaglutide, Sita sitagliptin, Vilda
vildagliptin
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CrI - 5.98, - 0.16]) and dapagliflozin
10 mg ? saxagliptin 5 mg (- 3.37 mmHg [95%
CrI - 6.65, - 0.09]).

Other Outcomes

For mean change in DBP from baseline, the FE
model was selected for all analyses since the
DIC value was lower for the FE model compared
to the RE model by 1.85 points. Compared to
placebo, ertugliflozin 15 mg ? sitagliptin
100 mg, dapagliflozin 5 mg ? saxagliptin 5 mg,
and 9 of the 12 single initiation therapies
demonstrated statistically significant improve-
ments in DBP (Supplementary Appendix
Fig. 3a). For the number of patients meeting the
HbA1c target (HbA1c\ 7%), the RE model was
selected for all analyses since the DIC value was
lower for the RE model compared to the FE
model (DIC difference: 3.5). The odds of
achieving the HbA1c target (\ 7%) were statis-
tically significantly higher for all dual initiation
therapies and 14 out of 15 single initiation
therapies (except dapagliflozin 5 mg) compared
to placebo (Supplementary Appendix Fig. 3b).
The pairwise comparison league tables for the
change in DBP from baseline and proportion of
patients achieving HbA1c[7% are provided in
supplementary Appendix Tables 6 and 7,
respectively.

Sensitivity Analysis Results

In the sensitivity analyses removing the PIO-
NEER 2 open-label study, results were consistent
with the base case analysis, and no substantial
impact was observed for the comparative effi-
cacy among active treatments versus placebo
(Supplementary Appendix Fig. 4). Removing
the six Asian studies with low baseline weight
and BMI also did not alter the direction of
treatment effect or statistical significance for
change in HbA1c, weight, and proportion of
patients achieving the HbA1c target (\ 7%).
However, as opposed to the statistically favor-
able results observed in the base case analysis,
the sensitivity analysis results indicated no sta-
tistically significant difference for SBP reduction
with the two dapagliflozin ? saxagliptin dualT
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initiation therapies and with dapagliflozin 5 mg
compared to placebo as well as no statistically
significant difference in DBP reduction with
dapagliflozin 5 mg or 10 mg for DBP reduction
comparison to placebo (Supplementary Appen-
dix Fig. 5).

DISCUSSION

This NMA was conducted to provide a compre-
hensive understanding of oral antihyper-
glycemic agents as dual initiation therapy
compared with single initiation to support
clinical decision making and treatment guide-
line development. The evidence base was syn-
thesized from high-quality data available from
the latest RCTs on the efficacy of antihyper-
glycemic agents as add-on treatment to met-
formin in T2DM patients. This is one of the first
NMAs conducted to understand the compara-
tive efficacy of single and dual initiation thera-
pies of currently approved oral agents (SGLT-2
inhibitors, DPP-4 inhibitors, and GLP-1 receptor
agonists) in combination with metformin. Prior
NMAs have mostly focused on single initiation
therapies. McNeill et al. compared ertugliflozin
with other antihyperglycemic agents as single
add-on therapy in patients uncontrolled on
metformin alone [8]. Another NMA by Mearns
et al. studied adjunctive antidiabetic agents in
patients with inadequately controlled T2DM on
metformin alone, which included the dual ini-
tiation therapy of empagliflozin ? linagliptin
in the comparison with other single initiation
therapies; however, the more recent dual initi-
ation regimens involving dapagliflozin or ertu-
gliflozin were not evaluated in this study [9].

Overall, as demonstrated in our NMA, most
dual initiation therapies showed better glycemic
control compared to single initiation therapy
with SGLT-2 inhibitors and DPP-4 inhibitors as
add-on treatment to metformin. Dual initiation
therapy may induce early significant reduction
of HbA1c levels and serve as an option to avoid
stepwise treatment intensification for those
who are uncontrolled on metformin
monotherapy [31]. Among the single initiation
therapies, GLP-1 receptor agonists (semaglutide
14 mg) showed the most favorable glycemicT
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control and had a statistically significantly
greater reduction in HbA1c than several single
initiation therapies. However, dual initiation
therapies including high- and low-dose ertugli-
flozin ? sitagliptin and empagliflozin ? li-
nagliptin showed a trend of better glycemic
control than the oral GLP-1 receptor agonist,
although this was not statistically significant. In
this NMA, dual initiation therapies lead to large
reductions in HbA1c levels and thus may be
suitable for patients requiring significant HbA1c
reductions after failing metformin
monotherapy.

This NMA also demonstrated that dual ini-
tiation therapies can be more effective than
some single initiation therapies in weight
reduction, in particular DPP-4 inhibitors. Given
the link between T2DM and obesity [32], adding
an antihyperglycemic that is at least weight
neutral is necessitated, while antihyperglycemic
agents that promote weight loss could also be
desired. Among the single initiation therapies,
SGLT-2 inhibitors and GLP-1 receptor agonists
(semaglutide 14 mg) were found to be more
effective, while none of the single initiation
DPP-4 inhibitors were significantly effective in
reducing body weight compared to placebo.
These findings are in line with the ADA and
EASD guidelines [4, 5].

Single initiation therapies with SGLT-2
inhibitors and dual initiation therapies were
also associated with a similar decrease in SBP
and relatively more favorable results compared
to single add-on DPP-4 inhibitors. This finding
could potentially be important for patients with
T2DM who also have blood pressure concerns.
The SBP-lowering effect of SGLT2 inhibitors
observed in this NMA is consistent with a meta-
analysis by Baker et al. who reported significant
reductions in SBP from baseline with SGLT2
inhibitors compared to study-specific controls
in RCTs, both in active-controlled RCTs
(weighted mean difference [WMD] - 4.2 mmHg
[95% CI - 4.9, - 3.5]) and in placebo-controlled
RCTs (WMD - 3.8 mmHg [95% CI - 4.4, - 3.2])
[33]. Another NMA on adjunctive antidiabetic
agents in patients with inadequately controlled
T2DM on metformin alone also demonstrated
statistically significant reductions in SBP with
empagliflozin ? linagliptin compared to

linagliptin, saxagliptin, and sitagliptin, in
addition to showing a significant decrease in
SBP compared with placebo (WMD
- 5.43 mmHg [95% CI - 8.39, - 2.47]) [9].

This NMA demonstrated that dual initiation
therapies were similar or more favorable than
single initiation therapies regarding efficacy.
Although comparison among single initiation
therapies was not a focus of this research, such
results were also available as part of this NMA
and could be used to inform the comparative
efficacy of single initiation therapies in patients
uncontrolled on metformin. McNeill et al.
compared ertugliflozin with canagliflozin,
empagliflozin, and dapagliflozin as single add-
on therapy in three different populations [8]. In
the patients who were uncontrolled on met-
formin alone, they found that ertugliflozin
5 mg was more effective in lowering HbA1c
than dapagliflozin 5 mg, and ertugliflozin
15 mg was more effective than dapagliflozin
10 mg and empagliflozin 25 mg [8]. When
comparing the results from our NMA with the
findings from the McNeill study, there were
some minor numerical differences, but the
overall trends were similar and credible inter-
vals overlapped.

Among single initiation therapies evaluated
in our NMA, the oral GLP-1 receptor agonist
semaglutide at 14 mg also demonstrated a rela-
tively favorable efficacy profile, showing signif-
icantly greater reduction in HbA1c and weight
compared to some of the single initiation SGLT-
2 and DPP-4 inhibitors. However, single initia-
tion GLP-1 receptor agonist was comparable to
dual initiation therapies. Note that only one
study for the class of oral GLP-1 receptor ago-
nists (PIONEER-2) was considered eligible for
this NMA. Multiple trials in the PIONEER pro-
gram were evaluated, but they did not meet the
population criteria and were therefore not
considered eligible for this analysis.

In addition to the proven efficacy of dual
initiation over single initiation therapies, a
previous study has also shown their merit in
terms of cost-effectiveness. Pawaskar et al. con-
ducted a long-term cost-effectiveness analysis
evaluating the long-term cost-effectiveness of
treatment intensification with combination
DPP-4 inhibitors and SGLT-2 inhibitors
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compared to sulfonylureas and insulin in
patients who fail to achieve glycemic control on
metformin monotherapy [34]. This analysis
demonstrated that combination therapy of
DPP-4 inhibitors and SGLT-2 inhibitors in
addition to metformin was cost-effective com-
pared to a more generic treatment strategy with
metformin and sulfonylureas prior to insulin
initiation. Although the branded oral medica-
tion of DPP-4 inhibitors and SGLT-2 inhibitors
had higher direct medical costs, the health
benefits associated with this strategy partially
offset the treatment costs, with improved life
expectancy and quality of life. Considering its
potentially favorable efficacy and cost-effec-
tiveness profile, dual initiation therapies could
be considered for T2DM patients not achieving
adequate control with metformin.

Limitations

This study has some limitations. While inter-
preting our NMA results, it should be noted that
inconsistencies were identified within loops of
the network. This suggests that there were dif-
ferences between the direct and indirect com-
parisons. Differences were observed between
NMA and inconsistency models, with DIC dif-
ferences ranging from 1.2 to 11.1 points. How-
ever, the detected inconsistency was at an
acceptable level and therefore should not
impact the overall interpretation. For baseline
characteristics, the mean HbA1c ranged from
7.2 to 9.3% across the studies, which was con-
sidered borderline comparable. The varied
HbA1c baseline could have an impact on the
exploratory outcome for the proportion of
patients attaining HbA1c\7%, since patients
with higher baseline HbA1c are less likely to
attain the fixed target. To address this limita-
tion, in the analyses for HbA1c reduction and
HbA1c within target outcomes, a RE model was
used, which allowed for a distribution of the
treatment effect and provided enhanced rigor in
such cases with baseline variations. However,
given that we identified an HbA1c mean change
from baseline ranging from - 1.52% (reduction)
to 0.15% (increase), whereas the baseline HbA1c
levels range between 7.2 and 9.3%, it should be

acknowledged that reaching the HbA1c target
(\7%) could be more dependent on the base-
line HbA1c levels than any effect of medication,
and the results for this exploratory outcome
should be interpreted with caution. Variations
were also observed for mean weight at baseline,
with lower weight/BMI observed in Asian stud-
ies. To address this, a RE model was also selected
for the base case NMA, and additional sensitiv-
ity analyses were conducted to confirm the
robustness of the results. For the impact of small
studies, comparison-adjusted funnel plots were
used to explore potential publication bias.
Although the Egger and Thompson-Sharp
methods did not identify publication bias for
any outcome, the Begg-Mazumdar test detected
asymmetry of the funnel plots, suggesting
potential publication bias (results not shown). A
comprehensive literature search was performed
for this review, but we cannot rule out the
possibility that some unpublished studies could
be missing. Finally, previous studies and meta-
analyses have highlighted the need to compare
active dual or single initiation therapies in
terms of safety over a long duration of follow-
up. The scope of this current research did not
include safety and long-term efficacy, and it is
recommended that additional research should
be conducted.

Despite these limitations, this NMA included
a large evidence base with homogeneous studies
and provided a thorough understanding of the
comparative efficacy of dual and single initia-
tion strategies in patients uncontrolled on
metformin. Findings of our NMA could be used
to inform future guidelines on the pharmaco-
logic approach to attain glycemic control and
adequate disease management for T2DM
patients.

This NMA provides comprehensive insight
for the key efficacy goals with the evidence
available to date. However, there is still a lack of
scientific evidence addressing treatment para-
digms of sequential add-on versus dual initia-
tion therapy. Carefully designed, prospective,
high-quality real-world studies to assess the
clinical effectiveness and tolerability of initial
combinations compared with sequential treat-
ment initiation in patients with new onset or
poorly controlled T2DM are needed to fill this
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existing gap and have potential to provide fur-
ther evidence to guide health-care policies and
practices.

CONCLUSION

Add-on dual initiation therapies, particularly
ertugliflozin ? sitagliptin, demonstrated signif-
icantly better outcomes than most single initi-
ation therapies in reducing HbA1c, weight, and
SBP over 24–26 weeks of follow-up in T2DM
patients uncontrolled on metformin alone.
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