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Abstract

Aims The aim is to evaluate the efficacy and safety of dipeptidyl peptidase-4 inhibitors (DPP4-I: sitagliptin, saxagliptin,
linagliptin, vildagliptin and alogliptin) in patients with type 2 diabetes.

Methods We searched the Cochrane Library, PubMed, EMBASE, Chinese Biomedical Database (CBM), China National
Knowledge Infrastructure (CNKI), and the Wanfang Database from inception to April, 2018. Randomized controlled tri-
als were included if they compared the different versions of DPP4-I with each other or with placebo in treatment of type 2
diabetes. Bayesian network meta-analysis and pairwise meta-analysis were performed to evaluate the efficacy and safety of
the different kinds of DPP4-I and placebo. The data were analyzed using STATA 12.0 and WinBUGS1 .4 software.

Results We identified 58 eligible studies (with 31356 patients) involving 14 treatment arms. Indirect comparison results
showed that except for alogliptin, a decrease was found for all DPP4-I versus the placebo for hemoglobin Alc (HbAlc) with
vildagliptin50 twice daily (BID) showing the highest probability. Linagliptin5 once daily (QD) decreased the level of fasting
plasma glucose (FPG) the most for all DPP4-I versus the placebo; when comparing them with each other, alogliptin25QD was
more effective when compared with sitagliptin100QD and vildagliptiSOBID; linagliptin5qd had the highest decrease impact
on body mass index (BMI). Except for hypoglycemia and upper respiratory tract infection (URTI), there are no statistical
significance on incidence of adverse events and the body weight when DPP4-I are compared with each other or with placebo.
Conclusion Our network meta-analysis presents the associations of DPP4-I versus placebos on HbAlc, FPG, 2 h postprandial
blood glucose (2HPPG), BMI, body weight and adverse events. DPP4-I have a lowering effect on the glycemic level (HbAlc,
FPQG), especially vildagliptiSOBID and linagliptin10QD, respectively. Besides, linagliptin5QD has the greatest probabilities
of reducing BMI. In addition, DPP4-I were associated with not increasing the incidence of adverse events. Among them,
vildagliptin100QD and sitagliptin100QD have the lowest probability in reducing the incidence of hypoglycemia and URTI,
respectively.
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Diabetes mellitus is a metabolic disorder resulting from a

defect in insulin secretion, insulin action, or both. Type 2
diabetes used to be called non-insulin-dependent diabetes
or adult-onset diabetes, accounting for at least 90% of all
cases of diabetes. According to the International Diabetes
Federation (IDF), over 350 million adults are currently at
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high risk of developing type 2 diabetes, the most prevalent
form of the disease. There is a projected rise in the numbers
to 700 million people living with diabetes in the world by
the year 2045 [1]. In China, increasing affluence and lifestyle
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changes have led to dramatic increases in the prevalence
of T2DM as out of the 1.9 million deaths among adults in
China in 2015, 1.3 million dead due to diabetes with 40.8%
of these deaths occurring in people under 60 [2]. This means
that more and more people will need to be prescribed anti-
diabetic medication to help achieve the recommended target
levels of HbAlc, FPG, 2HPPG, BMI, body weight, and so
on.

An increasing number of patients with type 2 diabetes
mellitus (T2DM) are being treated with dipeptidyl pepti-
dase-4 inhibitors (DPP4-1), a new therapeutic class of oral
anti-hyperglycemic drugs for T2DM. These agents have
been shown to reduce HbA Ic levels without increasing the
risk of hypoglycemia and weight gain [3]. The use of DPP4-1
as a T2DM therapy [4] has now been firmly established with
numerous inhibitors in varying stages of clinical develop-
ment. Four DPP4-I (sitagliptin [5], saxagliptin [6], linaglip-
tin [7], and alogliptin [8]) have already been approved for
this indication by the US Food and Drug Administration.

Most meta-analyses were published focusing on the effi-
cacy and safety of different DPP4-I for type 2 diabetes as
compared to placebo [9-11]. However, there were many
limitations for these studies, such as which therapy among
DPP4-1 have the highest probability in different outcomes.
Obviously, it was difficult for randomized controlled trials
(RCTs) and pairwise meta-analysis to integrate information
on the relative efficacy of all available DPP4-1. Network
meta-analysis has become increasingly popular for evaluat-
ing interventions, which can estimate the relative effective-
ness of all interventions and give rank ordering of the inter-
ventions even if some head-to-head comparisons are lacking
[12]. Therefore, we systematically conducted a Bayesian
network meta-analysis to rank and compare the outcomes
of different DPP4-I agents for treating T2DM.

Methods
Data sources and search strategy

We searched the following databases for a time period
ranging from their inception to April 2018 for rand-
omized controlled trials: The Cochrane Library, PubMed,
EMBASE, CBM, CNKI, and the Wanfang Database. We
limited our search to human subjects only and the search
strategy was developed by LG and KHY, who have more
than 10 years of experience as information specialists.
We combined both MeSH and free text terms for iden-
tifying the relevant articles, for the Medline search we
used a highly sensitive filter for identifying randomized
trials which are developed by the Cochrane Collabora-
tion [13]. The search terms used were as following: DPP4
Inhibitor, sitagliptin, linagliptin, saxagliptin, vildagliptin,
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alogliptin, NIDDM, random*, randomized controlled
trial*, randomized trial*. The search strategy was devel-
oped by two authors. No language restriction was applied.
Search strategies used for each English electronic database
are listed in Supplementary material A1 and were adapted
using the appropriate Chinese terms for Chinese electronic
databases. We did not consider any ongoing studies.

Eligibility criteria

Studies that met the following criteria were included: (1)
type of studies—RCTs, we excluded non-randomized
clinical trials; (2) types of participants—patients with
T2DM regardless of age, gender, or ethnic origins; (3)
interventions—DPP4-I for the treatment of T2DM, includ-
ing sitagliptin, linagliptin, saxagliptin, vildagliptin, and
alogliptin; (4) comparators—different types of DPP4-I as
noted above or placebo agents; (5) outcomes—the primary
outcomes are HbA1lc and FPG, the second outcomes are
BMI, 2HPPG, body weight and adverse events, including
hypoglycemia, diarrhea, URTI, hypersensitivity reaction
(HR), renal and hepatic toxicity. This article is based on
previously conducted studies and does not contain any
studies on animals performed by any of the authors.

Study selection

The two authors reviewed the article titles and abstracts
independently to select studies that met the inclusion cri-
teria. Another author was consulted whenever there was
any disagreement regarding the study selection. The study
selection process is presented in a flowchart based on the
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) [14] (Supplementary material Al).

Data extraction and assessment of risk of bias

The study data were independently extracted by the two
authors using a data collection form with Microsoft Excel
2013 (Microsoft Corp, Redmond, WA, USA). The items
extracted contained study information (author, year of
publication, sample size, trial duration, study arms, and
outcomes) and patient characteristics (median age, back-
ground therapy, diabetes duration, length of follow-up,
baseline level of HbAlc, BMI, and FPG). Any discrepan-
cies that appeared were resolved with the consensus from
the two independent reviewers or by a senior investigator.
The original investigators were contacted by email when-
ever we had questions regarding their articles.
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Geometry of the network

Network plots were drawn to describe and present the geom-
etry of different treatments using STATA 12.0 software. Tri-
als were excluded if they were not connected by treatments.
The network is represented in a ring-shaped graph, nodes
were used to represent different interventions, edges to rep-
resent the head-to-head comparisons between interventions
and the density thickness of the lines show the trial amount
[15].

Risk of bias in individual studies

The quality of the studies was assessed using a risk of quality
assessment tool recommended by the Cochrane Handbook
version 5.1.0 [13], including method of random sequence
generation, allocation concealment, blinding of participants
and outcome assessors, incomplete information, selective
reporting, and other biases. The methodological quality were
all classified into low, high, or unclear risk of bias based on
the guidelines from the Cochrane Collaboration [16]. The
risk of bias assessment was completed by two independ-
ent reviewers and any conflicts in the assessment of this
data were resolved through discussion until consensus was
reached.

Data synthesis and analysis
Methods for direct treatment comparisons

We performed pairwise meta-analysis using STATA 12.0
software (Stata Corporation, College Station, TX, USA)
with the DerSimonian-Laird random-effects model [17,
18]. To measure the effects, WMD (weighted mean differ-
ences) were calculated for changes in HbAlc, BMI, 2HPPG,
body weight and FPG with 95% CI (confidence interval),
RR (risk ratio) for adverse events, including hypoglycemia,
diarrhea, URTI, hypersensitivity reaction (HR), renal and
hepatic toxicity with 95% CI were calculated. Statistical
heterogeneity [19, 20] was assessed by X statistics and I
statistic. When the P value was >0.1, and P was <50%, it
suggested that there was no statistical heterogeneity and the
Mantel-Haenszel random-effects model was used for per-
forming meta-analysis [13]. When the P value was <0.1,
and I> was > 50%, we explored sources of heterogeneity by
subgroup analysis [21] and meta-regression [22].

Methods for indirect and mixed comparisons

A new Bayesian network meta-analysis was conducted using
WinBUGS 1.4.3 software (MRC Biostatistics Unit, Cam-
bridge, UK) [23, 24]. The random-effects model with vague
priors for multi-arm trials was applied (Supplementary

material A2). Model parameters were estimated using a
Markov chain Monte Carlo (MCMC) method called Gibbs
sampling. We first generated 50,000 simulations for each
chain, and these simulations then were discarded as the
“burn-in” period. Then posterior summaries were based on
100,000 subsequent simulations. The different chains were
as follows: (1) chain 1: treatment effect: [d (k)=0]; sd=1;
mu (i) =0; (2) chain 2: treatment effect: [d (k)=—1]; sd=2;
mu (i) =—3; (3) chain 3: treatment effect: [d (k) =2); sd=4;
mu (i) =random between — 7 and + 7 (based on Excel-2013
generated random numbers); where d (k) = treatment effect
of experimental intervention “k” compared with reference
and mu (i) =treatment effect of the experimental inter-
vention compared with control in the trial “i”. The model
convergence was assessed by trace plots and Brooks—Gel-
man—Rubin plots [25].

To rank the treatments based on efficacy and safety, we
calculated the probabilities of the surface under the cumu-
lative ranking curve (SUCRA), SUCRA can illustrate the
outcome percentages of every treatment relative to an ideal
treatment. SUCRA value is 100% for the best treatment and
0% for the worst treatment, a higher SUCRA value relates
to a higher probability for the drug to rank high [26]. In this
study, for all DPP4I agents outcomes a higher number is
consistent with a reduction in T2DM occurrence. For the
adverse event outcome, the agent associated with the higher
risk of serious adverse events received a higher score.

Inconsistency refers to differences between direct and var-
ious indirect effect estimates for the same comparison [27].
If a loop connecting three arms existed, network inconsist-
ency was evaluated by comparing the direct estimates with
the indirect estimates for each comparison, we estimated the
inconsistency factors (IF, the difference between the direct
and indirect estimate for one of the comparisons in a par-
ticular loop) in closed loop with a loop-specific approach
described by Chaimani et al. [15]. We identified inconsist-
ency as yielding a lower 95% CI limit that does not reach 1.

To formally check whether a model’s overall fit was sat-
isfactory, an absolute measure of fit Dres, was considered to
formally check the model’s overall fit. Dres is the posterior
mean of the residual deviance (the deviance for the fitted
model minus the deviance for the saturated model) used to
ensure the general fit of the model. Ideally, each data point
should contribute about one to the posterior mean deviance
so that it can be compared to the number of data points for
the purpose of checking model fit. To ascertain the model’s
fit, the number of data points is compared to the posterior
mean deviance, which is contributed with approximately one
from each data point [28].

We searched the Chinese language databases to include
the studies. Although one study indicated that the quality
of reporting and methodology is the similar in China and
other countries [29], we conducted the subgroup analysis
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using STATA 12.0 software and WinBUGS 1.4.3 software.
In addition, random-effects meta-regression analyses [22]
were performed to handle the issue of imbalance between
studies among baseline characteristics (Table 1) by perform-
ing RStudio (ver. 0.96.315; RStudio Inc, Boston, MA, USA)
and we described the details of software commands in Sup-
plementary material A2. We conducted the meta-regression
analyses of mean age and disease duration in the baseline
information for primary outcomes including HbAlc and
FPG.

Results
Study selection

A total of 13,697 records were identified from the electronic
databases with 19 references identified from other sources.
After screening them by title and abstract, we retrieved 283
articles for further assessment. Finally, 58 RCTs [30-87]
involving 31,356 patients were included. The search results
and selection details are shown in Fig. 1.

Study characteristics and quality assessment

Table 1 summarizes the characteristics of the included 58
trials that qualified for this network meta-analysis. The
studies were published between 2008 and 2017. During this
period of time, a total of 31,356 participants were enrolled
in the original studies and in this pooled analysis. The trial
duration ranged from 4 to 54 weeks. The average age of the
included patients was 58.8 years [standard deviation (SD),
7.31] and varied from 33.1 to 74.9 years. The median dia-
betes duration at baseline was 7.4 years [interquartile range
(IQR), 13.4-33.1] years while the mean baseline HbAlc,
FPG, BMI levels were at 8.07% (SD 0.61%), 9.00 mmol/L
(SD 1.04 mmol/L), 27.87 kg/m? (SD 3.74 kg/m?), respec-
tively. Among the 59 studies, which were mostly multiple-
arm trials, patients were treated with vildagliptin in 22 stud-
ies, sitagliptin100QD in 24 studies, saxagliptin in 13 studies,
linagliptin in 13 studies, and alogliptin in 5 studies.

The results of assessment of risk of bias showed that
71.2% of studies were judged to have a low risk of bias in
terms of blinding of patients and personnel, 69.5% for con-
cealment of allocation and blinding of outcome assessors, 24
RCTs (40.7%) mentioned the methods of adequate sequence
generation. Forty-two RCTs were double-blind design, six
RCTs were open-label design (Supplementary material A3).

Evidence network

The network plots are presented in Fig. 2a—j. Fifteen
treatments were analyzed, including five in the DPP4-1
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dose-group (sitagliptin, linagliptin, saxagliptin, vildaglip-
tin and alogliptin) and placebo. In total, 82.8% (48/58) of
the trials were two-arm studies and the rest (18.64%) were
multiple-arm studies (see Table 1; Fig. 2). Overall, the
analysis of HbAlc (Fig. 2a, including 48 studies, 12 treat-
ments), FPG (Fig. 2b, including 40 studies, 12 treatments),
2HPPG (Fig. 2c, 19 studies, 6 treatments), BMI (Fig. 2d,
10 studies, 6 treatments), body weight (Fig. 2e, 5 studies,
5 treatments), hypoglycemia (Fig. 2f, 26 studies, 11 treat-
ments), diarrhea (Fig. 2g, 12 studies, 6 treatments), URTI
(Fig. 2h, 9 studies, 9 treatments), HR (Fig. 2i, 4 studies, 7
treatments), renal and hepatic toxicity (Fig. 2j, 4 studies,
5 treatments) were presented, respectively. Every group
of DPP4-I had existing head-to-head (direct) comparisons
with placebo.

Traditional pairwise meta-analysis of individual
DPP4-1 with dose distinction

Supplementary material A4 summarizes the results of pair-
wise meta-analysis regarding the outcomes. There was no
significant statistical heterogeneity in the pooled analysis
of all of the included studies (> <50.0%, P>0.1). Regard-
ing HbAlc, except vildagliptin50QD, vildagliptin100QD,
linagliptin5QD, saxagliptin2.5QD, linagliptin10QD, vilda-
gliptin50BID, saxagliptin5QD, linagliptin0.5QD, aloglipt-
in25QD and sitagliptin100QD significantly reduced the level
of HbAlc in comparison to the placebo. Besides, vildaglipt-
in50BID were more effective in reducing the level of HbAlc
when compared with sitagliptin100QD by 0.49 (95% CI
0.47, 0.51). No statistically significant difference was found
between DPP4-I in their effects on HbAlc. WMD with 95%
CIs are listed in Supplementary material A4.

For FPG control, vildagliptin100QD, linagliptin5QD,
linagliptin10QD, sitagliptin100QD, alogliptin25QD,
alogliptin12.5QD, saxagliptin5QD and sitagliptinS0QD
significantly resulted in a significant decline in FPG when
compared to the placebo. Besides, vildagliptin50QD reduced
the BMI in comparison to the placebo by — 1.25 (95% CI
—1.53, —0.98). As for body weight, vildagliptin100QD were
associated with an increase in body weight when compared
to the placebo and alogliptin25QD reduced the body weight
in comparison to the placebo by —0.32 (95% CI —1.39,
—0.25). For 2HPPG control, statistically significant reduc-
tion was detected for linagliptin5QD was associated with a
decreased 2ZHPPG as compared with vildagliptinSOBID by
—0.84 (95% CI —1.32, - 0.36).

As for adverse events, linagliptin10QD increased the inci-
dence of renal and hepatic toxicity in comparison to the pla-
cebo by 0.75 (95% CI 1.12, 4.61). No statistically significant
difference in occurrences of diarrhea, hypoglycemia, URTI
and HR between any comparisons was detected.
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(5046) records excluded:

Review or meta-analysis: n=782

Not English or Chinese language: n=69
Duplicated: n=1153

Mix tereament of DPP4-1: n=3042

(224) records excluded:
S No relevant outcomes: n=36

Not type 2 diabetes: n=15

Animal trials: n=158
Irelevant clinical dose: n=1

g
=
o Records identified through Additional records identified
§ database searching through other sources
= (n=13678) (n=19)
- {
g Records after duplicates
>
g removed
2 (n=5328)
o
= Records screened
& (n=5328) >
3
\ 2
= Full-text articles assessed for
= eligibility Not RCT: n=14
= (n=282)
|
Studies included in quantutive
synthesis
2 (meta-analysis )
> (n=58)
=

Fig. 1 The flow chart of the trials selection

Network meta-analysis of individual DPP4-|
with dose distinction

The results of the network meta-analysis of the DPP4-I,
placebo, and other comparators are displayed in Table 2.
Vildagliptin50BID, linagliptin10QD saxagliptinSQD, and
sitagliptin50QD were associated with a decline in HbAlc
versus the placebo with —1.26 (95% CI —2.29, —0.22),
—1.01 (95% CI —1.66, —0.46), —0.57 (95% CI —0.37,
—1.51) and —0.67 (95% CI —1.34, —0.02). In addition,
sitagliptin100QD, vildagliptin50QD, linagliptin5QD were
relevant with reducing the level of HbAlc by 0.69 (95% CI
0.07, 1.32), 0.93 (95% C1 0.03, 1.82) and 0.83 (95% CI1 0.01,
1.64), respectively, when compared with vildagliptinSOBID.

As for FPG, linagliptin5QD and alogliptin25QD were
better than the placebo in reducing the level of FPG with
—1.74 (95% CI —2.89, —0.58) and —0.91 (95% CI —1.62,
—0.21), respectively. Moreover, sitagliptin50QD resulted in

significantly lower incidences of hypoglycemia compared
with vildagliptin100QD by 6.02 (95% CI 1.09, 33.66). Lina-
gliptin5QD was associated with a 13.90 reduction in BMI
when compared with the placebo and it also had a greater
decrease in BMI when compared to other drugs of DPP4-1.

As for adverse events, vildagliptin100QD was inferior to
sitagliptinS0QD in reducing the incidence of hypoglycemia,
and sitagliptin100QD was inferior to the placebo in reduc-
ing the incidence of URTI with 0.72 (95% CI 1.15, 2.93).
No other significant reductions in incidence of diarrhea,
2HPPG, renal and hepatic toxicity, body weight and hyper-
sensitivity reaction between any comparisons were detected.

Ranking of different doses of DPP4-1 on outcomes
Table 3 presents the mean values of SUCRA, providing

the hierarchy of 16 treatments on outcomes. According
to SUCRA, vildagliptiSOBID and linagliptin10QD have
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Linagliptin2.5QD

inagliptin5Q
Linsgliptin5QD Linagliptin10QD

Placebo

Sexagliptin5Q0,

Sitagliptin100QD

Sitagliptin50QD

Vildagliptin50BID
Vildagliptin100QD

A Network of eligible treatment comparisons for

outcomes of HbAlc

Linsgliptin10QD

Linsgliptin2.5Q0 Linsgliptin0.5Q0

inagliptin5Ql
Linsgliptin5QD Alogliptin25QD

Saxagliptin5QD Vildagliptin50QD

Sitagliptin100QD

VildagliptinS0BID
Vildsgliptin100QD

B Network of eligible treatment comparisons

for outcomes of FPG

Saxagliptin5QD.

Sitagliptin100QD

Vildagliptin50BID Vildagliptin50QD

C Network of eligible treatment comparisons for

outcomes of 2HPPG

Saxagliptin5QD Placebo

Sitagliptin100QD

inagliptin5QD

Vildagliptin50BID Vildagliptin50QD

D Network of eligible treatment comparisons

for outcomes of BMI

Fig.2 Network of eligible treatment comparisons for outcomes of
HbAlc (a), FPG (b), 2HPPG (c), BMI (d), body weight (e), hypogly-
cemia (f), diarrhea (g), upper respiratory tract infection (h), renal and
hepatic toxicity (i) and hypersensitivity reaction (j). Lines connect

the higher probability in reduction effect on HbAlc with
probabilities of 0.8374 and 0.8071, respectively. Regard-
ing the effect on FPG, linagliptin5QD and alogliptin25QD
decreased FPG most with probabilities of 0.9338 and
0.7434. With respect to 2HPPG, saxagliptin5QD and sitag-
liptin100QD decreased 2HPPG most with probabilities of
0.746 and 0.6881. Vildagliptin5S0QD and sitagliptin100QD
decreased BMI most with probabilities of 0.8379 and
0.6596, respectively. In terms of body weight, vildaglipt-
in100QD and placebo reduced the body weight most with
probabilities of 0.6571 and 0.7954.

@ Springer

the interventions that have been studied in head-to-head (direct) com-
parisons in the eligible randomized controlled trials for each pairwise
comparison and the size of every node is proportional to the number
of randomized participants (sample size)

For adverse events, the most harmful treatments for
hypoglycemia were vildagliptin100QD (0.8836) and lina-
gliptin5QD (0.7431). In addition, the most harmful treat-
ments for diarrhea, renal and hepatic toxicity, URTI and
HR were vildagliptin100QD (0.5583), linagliptin5QD
(0.6616), sitagliptin100QD (0.7567) and linagliptinSQD
(0.6603), respectively.
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Alogliptin25QD

Placebo

Alogliptin12.5QD

Vildsgliptin100QD

Vildagliptin50QD

E Network of eligible treatment comparisons for

outcomes of body weight

Saxagliptin5QD
Linagliptin10QD

Sitagliptin100QD

Alogliptin25QD

Sitagliptin25QD

Vildagliptin50QD

Sitagliptin50QD

Vildagliptin100QD Vildagliptin50BID

F Network of eligible treatment comparisons for

outcomes of hypoglycaemia

I
Sitagliptin100QD SexagliptinSQD

Vildsgliptin100QD
o Placebo

AN

Vildagliptin50BID Vildagliptin50QD

G Network of eligible treatment comparisons for

outcomes of diarrhea

Sitagliptin100QD,
LinagliptinsQD

Sitagliptin25QD

Linagliptin10QD

Sitagliptin50QD

Vildagliptin50QD

Vildagliptin100QD

Vildagliptin50BID

H Network of eligible treatment comparisons for

outcomes of upper respiratory tract infection

Linagliptin5QD

Placebo

Linagliptin10QD

Sitagliptin100QD

Vildagliptin50BID

I Network of eligible treatment comparisons for

outcomes of renal and hepatic toxicity

Linagliptin2.5QD

Linagiiptin5QD,

Linagliptin0.5QD

Placebo

Vildagliptin50QD

Vildagliptin50BID

J Network of eligible treatment comparisons for

outcomes of hypersensitivity reaction

Fig.2 (continued)
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Hypersensitivity

hepatic toxicity reaction

Renal and

URTI

Body weight  Hypoglycemia Diarrhea

2HPPG BMI FPG

HbAlc

Table 2 (continued)

Comparisons

@ Springer

Sitagliptin100QD

(reference)

1.13 (0.26,

1.13 (0.26,

5.36)
0.43 (0.06,

Saxagliptin5QD

5.36)
0.43 (0.06,

2.97)

2.97)

Vildaglipt-
in100QD

Data of entries in bold type means significant results

Inconsistency check and model fit

Statistical inconsistency between the direct and indirect
comparisons was generally low for 8 outcomes, the details
of which are listed in Supplementary material AS. All loops
were consistent because the 95% Cls included 1 according
to the forest plots, indicating that the direct estimation of
the summary effect does not differentiate from the indirect
estimation. The summary estimations of the network meta-
analysis are relatively robust. In addition, we added the plots
on Bayesian model convergence in Supplementary material
A6.

The model fit was evaluated using the posterior mean
of the residual deviance Dres. The values of the Dres for
the outcomes (HbAlc, FPG, 2HPPG, BMI, body weight,
hypoglycemia, diarrhea, URTI, renal and hepatic toxicity
and HR) were —92.580, 224.709, 44.735, 28.842, 12.330,
269.932,90.981, 124.087, 50.644 and 49.877, respectively,
which were close to corresponding data point with —90.430,
226.859, 46.885, 30.992, 14.480, 269.932, 90.981, 124.087,
50.644 and 49.877. The results showed that model’s overall
fit is relatively satisfactory.

Subgroup analysis and meta-regression

Finally, we included six studies [32, 33, 37, 51, 79, 82]
(10.3%, 6/58) in Chinese language, we conducted subgroup
analysis after removing them. The results are listed in Sup-
plementary material A7. The data of HbAlc, FPG, 2HPPG,
BMI, body weight and hypoglycemia (F) were analyzed
again, except for the other outcomes without Chinese lan-
guage. The result of removing studies with Chinese language
is consistent with the previous results. The SUCRA showed
that there was a difference rank of BMI, because of the small
number of included studies after removing studies with Chi-
nese language.

The results of meta-regression showed that there is no
statistically significant difference in HbAlc related to mean
age and disease duration with median treatment effect and
the 95% credible interval for —0.73 (—2.23, 0.56) and —0.72
(—2.23, 0.58), respectively. In addition, there is no statisti-
cally significant difference in FPG related to disease duration
with —0.05 (—0.83, 0.78) and mean age with —0.09 (— 1.58,
0.05), respectively. We described the network meta-regres-
sion models in Supplementary material AS8.

Discussion

This network meta-analysis investigated the efficacy and
safety of different DPP4-1 treatments (sitagliptin, saxa-
gliptin, linagliptin, vildagliptin, and alogliptin) compared
to placebo and compared different DPP4-I treatments with
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each other. Recently, some network meta-analyses have
demonstrated the clinical efficacy of GLP-1 RAs for type 2
diabetes [88, 89]. To the best of our knowledge, this is the
first network meta-analysis to comprehensively estimate the
efficacy and safety of different DPP4-1 with dose distinction
treatments for type 2 diabetes.

Network meta-analysis is a well-established research
method for comparing different complex treatments [90].
In this systematic review and network meta-analysis, we
investigated the direct and indirect evidence from 58 ran-
domized controlled trials to compare 14 different interven-
tions reported on 31,356 participants. Based on the common
controlled treatments, our network meta-analysis allowed
for indirect comparisons between the different DPP4-I treat-
ments, synthesizing the indirect and direct results.

Glycemic level lowering effect

Our network meta-analysis suggested that except for aloglip-
tin, a decrease was found for all DPP4-I versus the placebo
for HbAlc. The SUCRA showed vildagliptiSOBID and lina-
gliptin10QD have the higher probability in reduction effect
on HbAlc followed by linagliptin0.5QD; linagliptin5QD
decreased the level of FPG most. The beneficial glycemic
level lowering effect of all DPP4-I in our analysis was con-
sistent with the results of previous studies [91, 92]. Singh-
franco’s study [93] found that linagliptin 5 mg/day for 12-24
weeks significantly reduced fasting plasma glucose (FPG)
(—1.01 mmol/l, P <0.00001). But no significant differences
were observed in the DPP4-1 for 2HPPG in this network
meta-analysis.

BMI and body weight lowering effect

Body weight gain is known to increase the risk of diabetes
and diabetes-related complications [94], over 80% of indi-
viduals with T2DM are overweight or obese [95]. Over-
weight people are more likely to develop diabetes than oth-
ers, weight loss interventions may be effective in reducing
long-term diabetes risk even among overweight people [96].
Besides, BMI is a powerful and modifiable risk factor for
diabetes [97]. Therefore, it is challenging for both doctors
and patients to avoid the body weight gain and the rise of
BMI of T2DM during treatment for glycemic control. Our
network meta-analysis of SUCRA probabilities showed that
vildagliptin5QD and linagliptin5QD had the highest prob-
abilities for reducing the BMI and body weight, respectively.

Effect on adverse events
Hypoglycemia is a common complication of intensive dia-

betes therapy, possibly becoming an important risk factor
for morbidity and mortality from T2DM [98]. Our network

@ Springer

meta-analysis showed that sitagliptin50QD had the highest
probabilities of SUCRA to become the most efficient treat-
ment. These results were consistent with those of previous
studies [99-101].

Up to 22% of the patients suffering diabetes mellitus
may have diarrhea, and this may be caused by multiple fac-
tors, including neuropathy, adverse effects of anti-diabetic
therapy [102]. In addition, the role of DPP-4 in immune
functions, cell growth and apoptosis has raised certain level
of concerns regarding a possible association with infections
and hypersensitivity reactions. Our network meta-analysis
results showed no significant reductions in incidence of diar-
rhea, renal and hepatic toxicity and hypersensitivity reaction;
the SUCRA showed that the vildaglipti100QD, linaglipt-
in5QD and linagliptin0.5QD had the lowest probabilities in
reducing the incidence of them, respectively. With similar
effect, our results may be helpful for clinicians in choosing
DPP4-1 with fewer gastrointestinal side effects for T2DM.

Sitagliptin100QD has the lowest probability in reducing
the incidences of URTI, DPP4I have the similar effect in
renal and hepatic toxicity, hypersensitivity reaction (HR).
Although DPP4-I appear to have a good safety profile, they
also have potential to cause adverse drug reactions (ADRs).
Therefore, active pharmacovigilance should be carried out
for risk identification and management. It is also important
to motivate healthcare providers to understand their roles
and responsibilities in the detection and management [103].

Strengths and limitations

Previous meta-analyses did not include even nearly the
amount of trials of DPP4-I as the performed for this study,
which is one of its principal improvements [104, 105]. Cur-
rently, as it is the most recommendable technique to confront
various different treatments, the Bayesian model-based net-
work meta-analysis allows to indirectly compare the various
feasible treatments, even more when tests to directly com-
pare different drugs for diabetes treatment are absent [106].
In addition, the network technique enables the estimation of
the probability of whether one intervention is the best for
one outcome. So it can provide an explicit ranking whenever
many treatments are competing for one outcome. Our study
provided the ranks of different doses of DPP4-I on outcomes
for the first time.

There are several limitations in this network meta-analysis.
Firstly, only trials in English and Chinese were included. Sec-
ondly, our results are based on the direct and indirect com-
parisons between therapies, so with the potential increase in
the number of head-to-head trials in the future, some results
may change. Thirdly, the results from risk of bias in individual
studies indicate that a number of included studies are of low or
unclear quality. Currently, the main factors resulting in unclear
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quality include the random sequence generation, allocation
concealment and other sources of bias. The other sources of
bias also lead to the low quality; therefore, our future research
is necessary to improve the quality of original research and
avoid the occurrence of various bias risks. Fourthly, there is
no description of the outcomes associated with pancreatitis
in our included studies, so we failed to add this outcome into
the manuscript. We look forward to more studies in relevant
pancreatitis outcomes on DPP4-I safety. Fifthly, in the direct
pairwise meta-analysis of individual DPP4-I with dose distinc-
tion, only one article (Garber 2008, [77]) about hypoglycemia
was included. The sample size of this study is 515, which led
to an extremely wide confidence interval. This is the possible
reason why the confidence intervals for vildagliptin100QD are
so wide (0.77-54.08).

Conclusion

DPP4-1 have a lowering effect on the glycemic level (HbAlc,
FPG), especially vildagliptiSOBID and linagliptin10QD,
respectively. Besides, linagliptin5QD has the greatest prob-
abilities of reducing BMLI. In addition, DPP4-I were associated
with not increasing the incidence of adverse events. Among
them, vildagliptin1 00QD and sitagliptin100QD have the low-
est probability in reducing the incidence of hypoglycemia and
URTI, respectively.
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