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ABSTRACT
Objective: To evaluate the effectiveness and safety of
dipeptidyl peptidase-4 (DPP-4) inhibitors versus
intermediate-acting insulin for adults with type 2
diabetes mellitus (T2DM) and poor glycaemic control
despite treatment with two oral agents.
Setting: Studies were multicentre and multinational.
Participants: Ten studies including 2967 patients
with T2DM.
Interventions: Studies that examined DPP-4 inhibitors
compared with each other, intermediate-acting insulin,
no treatment or placebo in patients with T2DM.
Primary and secondary outcome measures:
Primary outcome was glycosylated haemoglobin
(HbA1c). Secondary outcomes were healthcare
utilisation, body weight, fractures, quality of life,
microvascular complications, macrovascular
complications, all-cause mortality, harms, cost and
cost-effectiveness.
Results: 10 randomised clinical trials with 2967
patients were included after screening 5831 titles and
abstracts, and 180 full-text articles. DPP-4 inhibitors
significantly reduced HbA1c versus placebo in network
meta-analysis (NMA; mean difference (MD) −0.62%,
95% CI −0.93% to −0.33%) and meta-analysis (MD
−0.61%, 95% CI −0.81% to −0.41%), respectively.
Significant differences in HbA1c were not observed for
neutral protamine Hagedorn (NPH) insulin versus
placebo and DPP-4 inhibitors versus NPH insulin in
NMA. In meta-analysis, no significant differences were
observed between DPP-4 inhibitors and placebo for
severe hypoglycaemia, weight gain, cardiovascular
disease, overall harms, treatment-related harms and
mortality, although patients receiving DPP-4 inhibitors
experienced less infections (relative risk 0.72, 95% CI
0.57 to 0.91).

Conclusions: DPP-4 inhibitors were superior to
placebo in reducing HbA1c levels in adults with T2DM
taking at least two oral agents. Compared with placebo,
no safety signals were detected with DPP-4 inhibitors
and there was a reduced risk of infection. There was no
significant difference in HbA1c observed between NPH
and placebo or NPH and DPP-4 inhibitors.
Trial registration number: PROSPERO #
CRD42013003624.

BACKGROUND
Patients newly diagnosed with type 2 diabetes
mellitus (T2DM) may initially be treated with

Strengths and limitations of this study

▪ Comprehensive systematic review including 10
trials with a total of 2967 adult patients with
type 2 diabetes mellitus.

▪ Used rigorous methods for the conduct of our
systematic review (eg, we assessed risk of bias
using the Cochrane risk-of-bias tool, conducted
an assessment of the quality of reporting of
harms using the McHarm tool, registered our
systematic review with the PROSPERO registry
and published our protocol in an open-access,
peer-reviewed journal).

▪ Studies of longer duration are required to assess
the durability of glycaemic control and the
impact on development of long-term complica-
tions and mortality.

▪ Majority of included studies in our review did
not adequately report harms.
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lifestyle modifications, including healthy diet and physi-
cal activity. However, T2DM is a progressive disease and
pharmacological interventions in the form of oral anti-
hyperglycaemic agents (eg, metformin, sulfonylurea,
thiazolidinedone, glucagon-like peptide-1)1 2 are usually
required. For some patients, glycaemic control is not
achieved until two oral antihyperglycaemic agents are
administered (ie, second-line therapy).2 3

Some patients will not achieve sustained diabetes
control even after taking two oral antihyperglycaemic
agents.4 These patients may require third-line therapy,
such as dipeptidyl peptidase-4 inhibitors (DPP-4 inhibi-
tors) or intermediate-acting insulin (lente, neutral pro-
tamine Hagedorn (NPH)). However, the comparative
safety, effectiveness and cost of DPP-4 inhibitors versus
intermediate-acting insulin or placebo are unclear.
We aimed to determine the comparative safety

and effectiveness of DPP-4 inhibitors compared with
intermediate-acting insulin or placebo for adults with
T2DM whose glycosylated haemoglobin (HbA1c) levels
remain elevated despite the administration of two oral
agents.

METHODS
Our systematic review protocol was drafted using guid-
ance from the Preferred Reporting Items for Systematic
reviews and Meta-analyses for Protocols (PRISMA-P).5

We revised our protocol to address feedback received by
the study team and relevant knowledge users from the
British Columbia Ministry of Health and registered it
with the international prospective systematic review
register (PROSPERO; CRD42013003624). As our full
methods have been published previously,6 we only out-
lined them briefly here.

Eligibility criteria
We included studies examining DPP-4 inhibitors (eg,
sitagliptin, vildagliptin, saxagliptin and linagliptin) and
intermediate-acting insulin (eg, NPH, lente) compared
with each other or placebo for the third-line treatment
of adult patients with T2DM and an HbA1c ≥6.5%. We
defined third-line treatment as when the study examined
the use of two oral antihyperglycaemic agents among all
patients, plus the addition of a DPP-4 inhibitor,
intermediate-acting insulin or placebo (ie, three agents
in total per group). This is consistent with previous
reviews examining third-line treatment of T2DM.7–9

HbA1c was our primary outcome of interest, while
healthcare utilisation (eg, emergency department visits),
body weight, fractures, quality of life, microvascular com-
plications (retinopathy, neuropathy, nephropathy),
macrovascular complications (cardiovascular disease,
stroke/transient ischaemic attack, peripheral vascular
disease), all-cause mortality, harms (including infection,
pancreatic cancer, severe hypoglycaemia, serious hyper-
glycaemia and body weight), cost and cost-effectiveness
were our secondary outcomes. Studies were included

regardless of duration of follow-up, date of dissemin-
ation/publication, language of dissemination/publica-
tion and publication status (ie, unpublished studies were
eligible for inclusion). All study designs were included
with the exception of qualitative studies, case reports,
case series and cross-sectional studies.

Information sources and literature search
Published and unpublished studies were identified
through searching electronic databases (MEDLINE,
EMBASE and the Cochrane Central Register of Controlled
Trials), clinical trial registries (eg, WHO International
Clinical Trials Search Portal) and drug manufacturer sites
from inception until 18 December 2012. This search was
supplemented using various methods, including most
related articles searching for each of the included studies
in PubMed, searching articles that reference the included
studies in Web of Science (also called forward citation
searching), and scanning the reference lists of included
studies and relevant reviews.7–9

The literature search for MEDLINE was drafted by an
experienced information specialist and peer reviewed by
another using the Peer Review of Electronic Search
Strategies (PRESS) checklist.10 The full MEDLINE search
has been published previously6 and searches for the other
databases are available from the authors on request.

Study selection process
After conducting a calibration exercise, each title and
abstract from the literature search was reviewed by two
team members independently using our synthesi.sr tool.11

Conflicts were resolved by discussion. The same process
was followed for screening potentially relevant full-text
articles.

Data items and data collection process
Data items included study characteristics (eg, setting,
country of conduct, intervention and comparator exam-
ined), patient characteristics (eg, duration of diabetes,
mean age) and outcome results. After a calibration exer-
cise, each of the included studies was abstracted by two
team members independently. Conflicts were resolved
by discussion. The data abstraction forms are available
from the authors on request.

Risk of bias and methodological quality appraisal
The included studies were appraised using the seven-item
Cochrane risk-of-bias tool.12 Furthermore, studies report-
ing harms were assessed using the 15-item McMaster
Quality Assessment Scale of Harms (McHarm) tool,13

which focuses on how harms are defined, collected and
reported. Each included study was independently
assessed by two members of the review team and any dis-
crepancies were resolved through discussion.

Synthesis
Study and patient characteristics and risk of bias/
methodological quality results were summarised
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descriptively. When sufficient data were available,
random effects meta-analysis was conducted to calculate
the pooled mean difference (MD) for continuous out-
comes and relative risk (RR) for dichotomous out-
comes.14 Clinical, methodological and statistical (eg, I2

statistic15) heterogeneity were considered. Subgroup
analysis was conducted when significant heterogeneity
was observed (eg, I2 statistic >75%). These analyses were
conducted using R statistical software.16 Missing data
(eg, SE of estimates) were imputed using established
methods.17 The impact of these imputations was exam-
ined through sensitivity analysis.18

In addition, we conducted a Bayesian random effects
network meta-analysis (NMA) using R and WinBUGS19

for HbA1c, the primary outcome of interest. Median
rankings and 95% credible intervals were calculated20

using all available direct (ie, from head-to-head trials)
and indirect (ie, from Bayesian NMA) data.20 The 95%
credible interval is generated by the Bayesian NMA and
is interpreted in the same manner as the 95% CI gener-
ated by traditional meta-analysis. The surface under the
cumulative ranking curve (SUCRA) was used for ranking
the treatments.21 Treatments were grouped into nodes
with input from clinicians on the team and the robust-
ness of the selected treatment nodes was examined via
sensitivity analysis. Trace and history plots were visualised
and the Gelman Rubin statistic was calculated.22

Consistency of indirect and direct results was examined
using established statistical methods.23 24 Important
network inconsistency was explored using sensitivity
analysis. We assessed the transitivity assumption by exam-
ining the comparability of the distribution of the treat-
ment effect modifiers across comparisons, including
HbA1c levels (<8% vs ≥8%).

RESULTS
Literature search
The literature search yielded a total of 5831 titles and
abstracts (figure 1). Of these, 180 full-text articles were
potentially relevant. Ten studies fulfilled the eligibility
criteria and were included.25–34 Five of the included
studies were unpublished,26–28 30 31 four of which were
identified as conference abstracts in our literature
search,26–28 31 while one was a protocol with results iden-
tified through searching the trial registries.30 An unpub-
lished dissertation was found from one of the
conference abstracts and translated into English from
Portuguese.31 All of the included studies were rando-
mised clinical trials (RCTs).

Study and patient characteristics
The study durations ranged from 12 to 36 weeks and a
total of 2967 adults with T2DM were included (table 1).
All RCTs examined two oral antihyperglycaemic agents
plus a DPP-4 inhibitor, including saxagliptin,30 sitaglip-
tin,25 27 29 31 32 34 linagliptin26 33 and vildagliptin.27 28

Eight RCTs were placebo-controlled; patients in these

arms also received the same two oral antihyperglycaemic
agents as those in the intervention arm.25 26 28–30 32–34

One RCT compared sitagliptin plus metformin and a
sulfonylurea with vildagliptin plus metformin and a sul-
fonylurea,27 while another compared sitagliptin plus
metformin and a sulfonylurea with NPH insulin
plus metformin and a sulfonylurea.31 All studies exam-
ined metformin plus the addition of a sulfonylurea, pio-
glitazone or exenatide in all arms. None of the included
RCTs examined the intermediate-acting insulin lente.
At baseline, the proportion of women ranged from

37.7% to 57.1% and mean age of participants ranged
from 49.8 to 58.1 years (table 2). The mean body mass
index ranged from 28.2 to 35.2 kg/m2 at baseline, while
mean HbA1c ranged from 7.7% to 8.8% at baseline.
The average duration of disease ranged from 7.3 to
10.9 years. All of the patients were obese in one RCT,29

while 69% had high cholesterol and 89% had hyperten-
sion in another RCT.31 None of the other RCTs reported
comorbidities.

Risk of bias and methodological quality results
Only one RCT was at a low risk of bias for random
sequence generation,34 two RCTs had a low risk of alloca-
tion concealment bias25 34 and all had a low risk of bias
due to blinding because the primary outcome was object-
ive (table 3, see online supplementary appendix 1). Five
RCTs had a high risk of incomplete outcome data bias as
more than 10% of patients withdrew from the trial
despite the short duration of the follow-up (median of

Figure 1 Study flow. This is the flow of studies for the

systematic review. HbA1c, glycosylated haemoglobin; DPP-4,

dipeptidyl peptidase-4 inhibitors.
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24 weeks) or as there was an imbalance in the number of
patients withdrawing between the groups.25 26 30 32 34 Five
RCTs were at a high risk of ‘other type of bias’ (eg,
funding bias) as the trials were funded by a pharmaceut-
ical company and some of the authors were employed by
the funding company.25 26 32–34 Four RCTs had an
unclear risk of ‘other type of bias’ (eg, funding bias) as
some were funded by a pharmaceutical company (none
of the authors were employed by the company) or as it
was an unpublished study that failed to report the
funding source and further information was
required.27 28 30 31

Seven of the RCTs reported on harms and were
assessed using the McHarm tool13 (see online supple-
mentary appendices 2 and 3). The proportion of items
outlined in online supplementary appendix 2 that were
adequately reported across the studies was low, with most
RCTs reporting 26–53% of the items. However, one RCT
adequately reported 73% of the items.34

NMA results
Primary outcome—HbA1c
Patients receiving a DPP-4 inhibitor (plus metformin
and a sulfonylurea/exenatide/pioglitazone) had an
average reduction in HbA1c (MD 0.62%, 95% credible
interval 0.33 to 0.93, I2=87%) versus placebo plus met-
formin and a sulfonylurea/exenatide/pioglitazone in
NMA including eight RCTs (figure 2). Patients receiving
NPH insulin experienced a reduction in HbA1c com-
pared to placebo (MD 0.62%, 95% credible interval 0.31
to 1.57); however, this reduction was not statistically sig-
nificant, which may be attributed to insufficient power
due to the limited number of studies providing data on
these treatment comparisons. No statistically significant
difference was observed between DPP-4 inhibitors and
NPH insulin (MD 0.00%, 95% credible interval −0.89 to
0.89). However, the ranking and cumulative ranking
probabilities indicated that DPP-4 was superior to NPH
insulin where the SUCRA values were 74.89%, 70.89%
and 4.22% for DPP-4, NPH insulin and placebo, respect-
ively (table 4). Consistency was observed between direct
and indirect evidence visually and statistically using the
node splitting approach for the closed loop.
Because of the statistically significant heterogeneity

identified in the NMA, we conducted several unplanned
sensitivity analyses. A sensitivity analysis was conducted
with each of the drugs and these were included separ-
ately in the model (ie, without grouping the DPP-4 inhi-
bitors together). Only sitagliptin plus metformin and a
sulfonylurea, and vildagliptin plus metformin and a sul-
fonylurea significantly reduced HbA1c versus placebo
plus metformin and a sulfonylurea (MD −0.83%, 95%
credible interval −1.55 to −0.14 and MD −0.97%, 95%
credible interval −1.89 to −0.19, respectively).
According to SUCRA values (table 5), vildagliptin plus
metformin and a sulfonylurea had the greatest probabil-
ity (85%) of being the most effective in reducing HbA1c
compared with all agents included in the model, while
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sitagliptin plus metformin and a sulfonylurea had the
second greatest probability (76%) of being the most
effective in reducing HbA1c. Furthermore, sensitivity
analyses were conducted to control for baseline HbA1c
values and account for imputations on missing data; no
changes in the results were observed.

Meta-analysis results
Primary outcome—HbA1c
After a median of 24 weeks of follow-up, patients receiv-
ing a DPP-4 inhibitor plus metformin and a sulfony-
lurea/exenatide experienced a significantly reduced
HbA1c compared with those receiving placebo plus met-
formin and a sulfonylurea/exenatide (5 RCTs, MD
−0.61%, 95% CI −0.81% to −0.41%, I2=87%).

Secondary outcome—microvascular complications
A meta-analysis was not conducted for microvascular
complications because only one RCT reported

neuropathy.30 In this study, no differences were observed
for patients receiving saxagliptin plus metformin and a
sulfonylurea versus placebo plus metformin and a sulfo-
nylurea after 24 weeks of follow-up (RR 6.95, 95% CI
0.36 to 133.13). None of the included RCTs reported
retinopathy or nephropathy.

Secondary outcome—macrovascular complications
After a median of 22 weeks follow-up, no differences
were observed for cardiovascular disease (unspecified32

or acute myocardial infarction26) among patients receiv-
ing a DPP-4 inhibitor plus metformin and a sulfony-
lurea/exenatide versus placebo plus metformin and a
sulfonylurea/exenatide (2 RCTs, RR 0.18, 95% CI 0.02
to 1.63, I2=0%). One RCT was not included in the car-
diovascular disease meta-analysis as it reported 0 patients
experiencing chronic heart failure in both groups.25

None of the included RCTs reported stroke/transient
ischaemic attack or peripheral vascular disease.

Table 2 Patient characteristics

Author, year Female (%)

Mean age (SD),

years Mean BMI (SD) Mean HbA1c (SD)

Mean duration of

T2DM (SD), years

Fonseca et al, 201325 37.7 56.1 (9.06) 30.0 (5.20) 8.8 (1.00) 9.8 (5.95)

Gilman, 2013*26 51.5 53.8 (9.30) 28.2 (5.30) NR (NR) NR (NR)

Abdulwahid, 2012*27 45.5 49.8 (12.58) NR (NR) 8.62 (0.20) NR (NR)

Lukashevich, 2012*28 NR 55.1 (NR) 28.0 (NR) 8.78 (0.63) 7.3 (NR)

Makdissi et al, 201229 45.5 53.5 (12.09) 35.2 (4.74) 7.74 (1.21) NR (NR)

Moses et al, 2012*30 40.1 57.0 (10.54) 29.2 (5.09) 8.28 (0.85) NR (NR)

Nogueira, 2012*31 57.1 56.7 (6.80) 27.0 (2.60) 8.1 (0.65) 10.9 (6.68)

Violante et al, 201232 49.4 56.0 (7.92) 31.2 (5.19) 7.89 (0.62) 8.0 (6.52)

Owens et al, 201133 52.8 58.1 (9.80) 28.3 (4.70) 8.15 (0.04) NR (NR)

Hermansen et al, 200734 47.6 57.2 (8.85) 31.0 (6.05) 8.27 (0.71) 9.9 (6.27)

*Unpublished data.
HbA1c, glycosylated haemoglobin (%); BMI, body mass index (kg/m2); NR, not reported; T2DM, type 2 diabetes mellitus.

Table 3 Appraisal of risk of bias of the included studies using the Cochrane risk-of-bias tool12

Study 1 2 3 4 5 6 7

Fonseca et al25 Unclear Low Low Low High Low High

Gilman*26 Unclear Unclear Low Low High Unclear High

Abdulwahid*27 Unclear Unclear Low Low Unclear Unclear Unclear

Lukashevich*28 Unclear Unclear Low Low Low Low Unclear

Makdissi et al29 Unclear Unclear Low Low Unclear Low Low

Moses et al*30 Unclear Unclear Low Low High Unclear Unclear

Nogueira*31 Unclear Unclear Low Low Low Unclear Unclear

Violante et al32 Unclear Unclear Low Low High Low High

Owens et al33 Unclear Unclear Low Low Low Low High

Hermansen et al34 Low Low Low Low High Unclear High

Items:
1. Random sequence generation.
2. Allocation concealment.
3. Blinding of participants and personnel.
4. Blinding of outcome assessment.
5. Incomplete outcome data.
6. Selective reporting.
7. Other bias.
*Unpublished data.
High, high risk; Low, low risk; Unclear, unclear risk.
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Secondary outcome—all-cause mortality
After a median of 25 weeks follow-up, no differences
were observed for all-cause mortality among patients
receiving sitagliptin plus metformin and a sulfonylurea/
pioglitazone versus placebo plus metformin and a sulfo-
nylurea/pioglitazone (2 RCTs,25 34 RR 0.98, 95% CI 0.10
to 9.41, I2=0%).

Secondary outcome—harms
After a median of 24 weeks of follow-up, no differences
were observed for any harm (5 RCTs, RR 1.07, 95% CI
0.96 to 1.19, I2=22%, figure 3) or overall harms that
were treatment related according to the authors of the trials
(4 RCTs, RR 1.38, 95% CI 0.92 to 2.09, I2=67%, figure 3)
for patients receiving a DPP-4 inhibitor plus metformin
and a sulfonylurea/exenatide/pioglitazone versus placebo
plus metformin and a sulfonylurea/exenatide/pioglita-
zone. After a median of 22 weeks of follow-up, no differ-
ences were observed for severe hypoglycaemia (defined
as “requiring the assistance of another person to adminis-
ter carbohydrate, glucagon or resuscitative actions”33 or
“any episode with symptoms consistent with hypogly-
cemia resulting in loss of consciousness or seizure that
showed prompt recovery in response to administration of
glucagon or glucose or documented hypoglycemia
[blood glucose <3.0 mmol/l (54 mg/dl)] requiring the
assistance of another person because of severe impair-
ment in consciousness or behavior; whether or not symp-
toms of hypoglycemia were detected by the patient”32) in
patients receiving a DPP-4 inhibitor plus metformin and
a sulfonylurea/exenatide versus placebo plus metformin
and a sulfonylurea/exenatide (2 RCTs, RR 0.69, 95% CI

Figure 2 Glycosylated haemoglobin network meta-analysis

results. This is the forest plot for the glycosylated

haemoglobin network meta-analysis. Crl, credit limit; DPP-4,

dipeptidyl peptidase-4 inhibitors; NPH, neutral protamine

Hagedorn; MD, mean difference.

Table 4 Treatment rankings

Treatment

Rank* Placebo DPP-4 NPH

1 0.00 (0.00) 0.50 (0.50) 0.50 (0.50)

2 0.08 (0.08) 0.50 (1.00) 0.42(0.92)

3 0.92 (1.00) 0.00 (1.00) 0.08 (1.00)

SUCRA 4.22% 74.89% 70.89%

*Reported as the probability to achieve each of the three ranks
and cumulative rank probabilities (in parenthesis).
DPP-4, dipeptidyl peptidase-4 inhibitors; NPH, neutral protamine
Hagedorn; SUCRA, surface under cumulative ranking curve. T

a
b
le

5
C
u
m
u
la
ti
v
e
ra
n
k
p
ro
b
a
b
ili
ti
e
s
(i
n
p
a
re
n
th
e
s
is
)
a
n
d
th
e
s
u
rf
a
c
e
u
n
d
e
r
c
u
m
u
la
ti
v
e
ra
n
k
in
g
c
u
rv
e
(S
U
C
R
A
)

R
a
n
k

P
la
c
e
b
o

S
it
a
g
li
p
ti
n

+
s
u
lf
o
n
y
lu
re
a

S
it
a
g
li
p
ti
n

+
e
x
e
n
a
ti
d
e

L
in
a
g
li
p
ti
n

+
s
u
lf
o
n
y
lu
re
a

S
a
x
a
g
li
p
ti
n

+
s
u
lf
o
n
y
lu
re
a

V
il
d
a
g
li
p
ti
n

+
s
u
lf
o
n
y
lu
re
a

S
it
a
g
li
p
ti
n

+
p
io
g
li
ta
z
o
n
e

N
P
H

+
s
u
lf
o
n
y
lu
re
a

1
0
.0
0
0
(0
.0
0
0
)

0
.1
9
0
(0
.1
9
0
)

0
.0
1
0
(0
.0
1
0
)

0
.1
0
5
(0
.1
0
5
)

0
.0
5
9
(0
.0
5
9
)

0
.4
8
0
(0
.4
8
0
)

0
.0
9
8
(0
.0
9
8
)

0
.0
5
8
(0
.0
9
8
)

2
0
.0
0
0
(0
.0
0
0
)

0
.3
6
5
(0
.5
5
5
)

0
.0
2
8
(0
.0
3
7
)

0
.1
1
1
(0
.2
1
6
)

0
.0
7
6
(0
.1
3
5
)

0
.2
5
7
(0
.7
3
7
)

0
.1
1
8
(0
.2
1
6
)

0
.0
4
6
(0
.2
1
6
)

3
0
.0
0
4
(0
.0
0
4
)

0
.2
1
0
(0
.7
6
4
)

0
.0
4
1
(0
.0
7
8
)

0
.2
3
3
(0
.4
4
9
)

0
.1
2
1
(0
.2
5
6
)

0
.1
2
6
(0
.8
6
3
)

0
.2
0
8
(0
.4
2
4
)

0
.0
5
8
(0
.4
2
4
)

4
0
.0
1
5
(0
.0
1
9
)

0
.1
2
6
(0
.8
9
0
)

0
.0
6
4
(0
.1
4
2
)

0
.2
4
1
(0
.6
8
9
)

0
.1
8
0
(0
.4
3
6
)

0
.0
7
1
(0
.9
3
4
)

0
.2
2
1
(0
.6
4
6
)

0
.0
8
2
(0
.6
4
6
)

5
0
.0
6
1
(0
.0
8
0
)

0
.0
6
4
(0
.9
5
4
)

0
.1
2
0
(0
.2
6
2
)

0
.1
4
9
(0
.8
3
8
)

0
.2
8
6
(0
.7
2
2
)

0
.0
3
6
(0
.9
7
0
)

0
.1
7
0
(0
.8
1
6
)

0
.1
1
6
(0
.8
1
6
)

6
0
.1
8
5
(0
.2
6
4
)

0
.0
2
9
(0
.9
8
3
)

0
.2
8
9
(0
.5
5
1
)

0
.0
7
5
(0
.9
1
2
)

0
.1
3
3
(0
.8
5
4
)

0
.0
1
7
(0
.9
8
7
)

0
.0
8
6
(0
.9
0
1
)

0
.1
8
7
(0
.9
0
1
)

7
0
.2
8
7
(0
.5
5
1
)

0
.0
1
3
(0
.9
9
6
)

0
.3
3
7
(0
.8
8
8
)

0
.0
5
0
(0
.9
6
2
)

0
.0
8
3
(0
.9
3
8
)

0
.0
1
0
(0
.9
9
6
)

0
.0
5
8
(0
.9
5
8
)

0
.1
6
4
(0
.9
5
8
)

8
0
.4
4
9
(1
.0
0
0
)

0
.0
0
4
(1
.0
0
0
)

0
.1
1
2
(1
.0
0
0
)

0
.0
3
8
(1
.0
0
0
)

0
.0
6
3
(1
.0
0
0
)

0
.0
0
4
(1
.0
0
0
)

0
.0
4
2
(1
.0
0
0
)

0
.2
8
9
(1
.0
0
0
)

S
U
C
R
A

1
3
.1
2
%

7
6
.1
6
%

2
8
.1
2
%

5
9
.5
9
%

4
8
.5
4
%

8
5
.2
4
%

5
7
.9
9
%

3
1
.2
2
%

6 Tricco AC, et al. BMJ Open 2014;4:e005752. doi:10.1136/bmjopen-2014-005752

Open Access



0.16 to 2.94, I2=0%, figure 3). Two RCTs reporting severe
hypoglycaemia were excluded from the meta-analysis as
they reported 0 events in both groups.25 34 One RCT32

reported serious hyperglycaemia (undefined) and no dif-
ferences were observed between sitagliptin plus metfor-
min and exenatide versus placebo after 20 weeks of
follow-up (RR 0.33, 95% CI 0.01 to 8.04).
After a median of 24 weeks of follow-up, patients receiv-

ing a DPP-4 inhibitor plus metformin and a sulfony-
lurea/pioglitazone experienced significantly fewer
infections overall compared with those receiving placebo
plus metformin and a sulfonylurea/pioglitazone
(4 RCTs, RR 0.72, 95% CI 0.57 to 0.91, I2=0%, figure 3).
A subgroup analysis was conducted by the specific type of
infection, and the DPP-4 inhibitors plus metformin and
sulfonylurea/pioglitazone/exenatide were not signifi-
cantly different versus placebo plus metformin and sulfo-
nylurea/pioglitazone/exenatide for upper respiratory
tract infection, nasopharyngeal infection and urinary
tract infection. None of the studies reported pancreatitis
and only one study reported on pancreatic cancer, which
was not statistically significant for sitagliptin plus metfor-
min and exenatide versus placebo plus metformin and
exenatide (RR 0.33, 95% CI 0.01 to 8.04).32

After a median of 24 weeks of follow-up, patients
receiving a DPP-4 inhibitor plus metformin and a sulfo-
nylurea/exenatide/pioglitazone did not experience any

differences in body weight compared with those receiv-
ing placebo plus metformin and a sulfonylurea/exena-
tide/pioglitazone (4 RCTs, MD 0.23 kg, 95% CI −1.58 to
2.04, I2=0%). No significant differences were observed
for sitagliptin plus metformin and a sulfonylurea versus
NPH insulin plus metformin and a sulfonylurea regard-
ing body weight in one RCT31 (MD −4.10 kg, 95% CI
−11.32 to 3.12).

DISCUSSION
We found a statistically significant and clinically import-
ant improvement in HbA1c for DPP-4 inhibitors versus
placebo. Although no statistically significant differences
were observed between DPP-4 inhibitors and NPH insulin,
ranking probabilities indicate that DPP-4 inhibitor has a
greater likelihood of reducing HbA1c versus NPH insulin.
Clinically important improvement in HbA1c was also
observed for NPH insulin versus placebo. However, this dif-
ference was not statistically significant and this was most
likely due to insufficient power due to the limited number
of studies contributing data to this analysis. Furthermore,
our NMA results did not change when we controlled for
baseline HbA1c values. No other statistically significant dif-
ferences were observed across all outcomes, except that
patients receiving a DPP-4 inhibitor experienced fewer
infections overall compared with placebo.

Figure 3 Harms meta-analysis results. This is the forest plot for all harms meta-analyses. a, Unpublished data. N, sample size.
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Regarding the generalisability of our results, one RCT
which included obese patients with T2DM compared
sitagliptin plus metformin and a sulfonylurea with
placebo plus metformin and a sulfonylurea.29 Similar
results were observed in this trial compared with the
other RCTs examining DPP-4 inhibitors versus placebo.
The only head-to-head trial examining DPP-4 inhibitors
versus insulin included a high proportion of patients
with T2DM with high cholesterol and hypertension.31

We are unable to comment on whether these results are
representative of patients with T2DM without these
characteristics because these comorbidities were not
reported in the other included trials. The median base-
line HbA1c level was 8.27% (range 7.74–8.80%) across
the RCTs, suggesting that the included RCTs are repre-
sentative of patients with T2DM with inadequate gly-
caemic control, despite the administration of two oral
antihyperglycaemic agents.
Our results are similar to previous reviews on this

topic,7 8 35 all of which found significantly reduced
HbA1c levels for DPP-4 inhibitors compared with
placebo. However, these reviews also observed signifi-
cantly increased weight gain for DPP-4 inhibitors versus
placebo, while we did not. The first two reviews did not
examine infections,7 8 yet a Cochrane review found sig-
nificantly increased infections for sitagliptin but not for
vildagliptin.35 This Cochrane review examined DPP-4
inhibitors for any patient with T2DM, whereas we
focused on those failing two oral antihyperglycaemic
agents. Although the Cochrane review included many
more studies examining DPP-4 inhibitors, we included
four additional RCTs that were published after the litera-
ture search date of 2008 for the Cochrane review, as well
as four unpublished RCTs. These eight RCTs were also
not included in the other two reviews that had later
search dates.7 8 None of the previous reviews provided
results specifically for DPP-4 inhibitors versus
intermediate-acting insulin, such as NPH.
Our results are also similar to two recent randomised

trials that examined a DPP-4 inhibitor versus placebo
among patients with T2DM and acute coronary syn-
drome36 or at risk for cardiovascular events.37 One trial
found that no differences were observed between a
DPP-4 inhibitor and placebo regarding major cardiovas-
cular events after 40 months follow-up.36 The other trial
found that after 2.1 years follow-up, DPP-4 inhibition was
not significantly different than placebo for ischaemic
events, yet the risk of hospitalisation for heart failure was
increased for saxagliptin versus placebo.37 We were
unable to include these trials in our systematic review as
they did not include only patients with T2DM failing two
oral antihyperglycaemic agents. Furthermore, neither of
these trials examined the effects of intermediate-acting
insulin versus DPP-4 inhibitors.
When planning this review, we aimed to include studies

providing ‘real-world’ data comparing these agents, such
as cohort studies. However, we did not identify any such
study through our extensive literature search that fulfilled

our eligibility criteria. We also did not identify studies
examining other important outcomes of interest, includ-
ing healthcare utilisation, fractures, quality of life, cost
and cost-effectiveness. These are important outcomes for
consideration in future trials.
The studies included in our review can be improved

by adequately reporting harms (only one of the RCTs
adequately reported the majority of the harms on the
McHarm tool), as well as reporting patient character-
istics to allow clinicians’ assessment of external validity
of the results. Furthermore, many of the trials had a
short duration of follow-up (the longest duration was
only 36 weeks), suggesting that studies of longer dur-
ation are required in this area to assess for durability of
glycaemic control as well as impact on development of
long-term complications and mortality. This issue is espe-
cially critical given that T2DM is a chronic disease and
therapies are implemented long term.
Our NMA of HbA1c should be interpreted with

caution, as only eight RCTs were included in this ana-
lysis. As such, we did not formally test for publication
bias38 but assume that our results are not affected by
this, as 50% of our included studies were unpublished
trials. Although we sought to include non-English
studies, only one was identified, suggesting that we may
have missed studies written in languages other than
English.
In conclusion, our results suggest that DPP-4 inhibitors

are superior to placebo and have similar effectiveness as
NPH insulin in reducing HbA1c as a third-line therapy
in patients with T2DM. Patients and their healthcare
providers may rely on patient preferences and other
factors when selecting a DPP-4 inhibitor versus insulin
for patients with T2DM inadequately controlled by two
oral antihyperglycaemic agents. Our results are also rele-
vant to decision-makers, such as the British Columbia
Ministry of Health, who posed this query because they
required effectiveness and safety data for DPP-4 inhibi-
tors versus intermediate-acting insulin. Unfortunately, we
did not identify any study comparing the costs of these
agents and so are unable to provide any information on
this important factor. This literature base can be
improved by ensuring less patient dropouts, adequate
reporting of patient characteristics and harms, and
examining important diabetes outcomes, including
healthcare utilisation, fractures, quality of life, cost and
cost-effectiveness.
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