Int J Clin Exp Med 2016;9(6):9495-9503
www.ijcem.com /ISSN:1940-5901/1JCEM0017902

Original Article

Efficacy and safety of vildagliptin combined with
metformin in the treatment of type 2 diabetes
mellitus: a systematic review and meta-analysis

Ting Xu?*, Mei Zhan?*, Xuehua Jiang®*

1West China School of Pharmacy, Sichuan University, Chengdu, Sichuan, China; 2Department of Pharmacy, West
China Hospital of Sichuan University, Chengdu, Sichuan, China. "Equal contributors.

Received October 15, 2015; Accepted March 18, 2016; Epub June 15, 2016; Published June 30, 2016

Abstract: Background: Many treatment options are available for type 2 diabetes mellitus (T2DM), but long-term
glucose control remains unsatisfactory. Vildagliptin is a highly selective DDP-4 inhibitor, but evidence support its
use in combination with metformin is not convincing. Methods: We searched for randomized controlled trials (RCTs)
in the Cochrane Library, PubMed, EMBASE, China Knowledge Resource Integrated Database (CNKI), VIP Database
for Chinese Technical Periodicals (VIP) and Chinese Biomedical Database (CBM). Trial quality was evaluated using
the Cochrane Handbook. Primary efficacy measure was reduction in glycated hemoglobin (HbAlc). Safety assess-
ment included hypoglycemic episodes and overall adverse events. Pre-planned subgroup analysis (and comparison)
was conducted for trials lasting for <52 weeks vs. >52 weeks. Results: The analysis included 12 studies. One study
reported the end points at both <52 weeks and >52 weeks. In comparison to metformin alone (or metformin plus
placebo), the metformin/vildagliptin combination was superior in efficacy measures and comparable in safety pro-
file. A comparison to metformin plus other oral hypoglycemic agents (OHAs) revealed that the metformin/vildagliptin
combination is: 1) comparable in terms of HbAlc reduction regardless of follow-up duration; 2) comparable in
terms of hypoglycemic episodes and overall adverse events at <52 weeks, but superior at >52 weeks. Conclusions:
In comparison to metformin plus other OHAs, the metformin/vildagliptin combination is equally effective in HbAlc
reduction. The advantage in safety profile of the metformin/vildagliptin combination over metformin plus other OHAs
manifests itself upon longer treatment (>52 weeks).
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Introduction upon advanced stage of the disease as (-cell
failure develops.
Type 2 diabetes mellitus (T2DM) is an increas-

ingly health problem worldwide [1, 2]. The pri- Unsatisfactory blood glucose control may result

mary goal of treatment is to control hyperglyce-
mia (reflected as reduced HbAZ1c). Towards this
end, many pharmacological agents are effec-
tive; but choosing the optimal agent or regimen
is a challenging task.

Classical oral hypoglycemic agents (OHAs) for
the treatment of T2DM mainly include bigua-
nides, sulfonylureas, thiazolidinediones, and
a-glucosidase inhibitors. These agents typically
act through one of the following mechanisms:
promotion of insulin secretion, inhibition of glu-
cose absorption, and increase of insulin sensi-
tivity. Due to the progressive nature of the dis-
ease, these agents tend to be limited in efficacy

in the development of chronic complications in
diabetic patients, including heart disease, stro-
ke, amputation, blindness, nephropathy and
peripheral neuropathy [3]. With increasing dis-
ease duration, the treatment intensity for T2DM
needs to be enhanced. The conventional step-
wise escalation of therapy starts from lifestyle
modification, followed by single OHA at increas-
ing dosage, simultaneous use of multiple OHAs,
and finally insulin.

Dipeptidyl peptidase-4 (DDP-4) inhibitors are a
relative new class of agents that indirectly
increases insulin secretion and suppresses
hepatic glucose production by blocking the deg-
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radation of glucagon-like peptide-1 (GLP-1) and
gastric inhibitory polypeptide (GIP) [4]. A meta-
analysis by Richter in 2008 confirmed the effi-
cacy and safety of DDP-4 [5]. DPP-4 inhibitors
target a different set of physiological and
molecular targets than metformin: increasing
insulin sensitivity via stimulating GLP-1 secre-
tion and reducing endogenous hepatic glucose
production [6]. A combination of DPP-4 inhibi-
tors and metformin is believed to produce syn-
ergistic effects [7, 8]. Vildagliptin is a DDP-4
inhibitor increasingly used in combination with
metformin in patients with T2DM who require
combination therapy [9]. A meta-analysis by Cai
in 2012 [10] revealed satisfactory glucose con-
trol with acceptable risk of hypoglycemic events
by vildagliptin, but did not conduct subgroup
analysis for the combination of vildagliptin and
metformin. A meta-analysis by Wu in 2013 [11]
revealed superiority of DDP-4 inhibitors in com-
bination with metformin (relative to metformin
alone) in glucose control without increasing
major adverse events, but did not discriminate
among individual DDP-4 inhibitors. Also, the Wu
study did not compare the combination of met-
formin with DDP-4 inhibitors with metformin
plus other OHAs.

The purpose of the current meta-analysis was
to assess the efficacy and safety of vildagliptin
in combination with metformin for the treat-
ment of T2DM in randomized controlled trials
(RCTs).

Materials and methods
Data sources and searches

We searched the Cochrane Library, PubMed,
EMBASE, China Knowledge Resource Integra-
ted Database (CNKI), VIP Database for Chinese
Technical Periodicals (VIP) and Chinese Bio-
medical Database (CBM) for RCTs published in
English or Chinese between the starting date of
the databases and November, 2014. The
search strategy is shown in Supplementary
Table 1. The abstracts of each screened publi-
cation were read carefully. We manually
searched additional studies in the reference
lists of all identified publications, including rel-
evant meta-analyses and systematic reviews.

Study selection

We included RCTs conducted in adult patients
with T2DM diagnosed according to the WHO or
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American Diabetes Association (ADA) criteria
[12, 13]. Included studies had to have an inter-
vention group receiving the combination regi-
men with vildagliptin and metformin and a par-
allel group receiving metformin plus a placebo,
a blank or another OHA. We excluded studies
conducted in subjects with type 1 diabetes
mellitus (T1DM), severe liver or kidney injury,
severe cardiac insufficiency, and pregnant or
lactating women.

The primary and secondary outcome measures
were HbAlc reduction and fasting plasma glu-
cose (FPQ) reduction, respectively. The primary
and secondary safety outcome was hypoglyce-
mic events and the incidence of adverse
events.

Literature screening and data extraction

Two non-blinded reviewers (TX and MZ) inde-
pendently screened and cross-checked the
searched literatures according to the inclusion
and exclusion criteria. If required, authors of
the original papers were contacted via mail or
telephone to confirm the implementation pro-
cess of the trial. If disagreement occurred, the
final decision was made through discussion or
by the third reviewer. The extracted data includ-
ed 1) the title, the first author, time of publica-
tion, journal of publication (journal title, vol-
ume, issue, and page); 2) demographic and
baseline characteristics of the study subjects
including sex, ethnicity, and body mass index
(BMI, kg/m?3); 3) sample size, the number of
subjects who were withdrawn from the study
and/or lost to follow up, and any complications
and their severity; 4) name and dose of drugs
for T2DM, the course of treatment, and the
route and method of drug administration; 5) the
study outcomes, time of measurement and
data types captured according to different out-
come measures. If different units were
employed for the same outcome measure, a
uniform unit was used.

Assessment of study quality

The quality of the included studies was evalu-
ated by two reviewers (TX and MZ) in a cross-
checking manner. Disagreement was resolved
by discussion or by a third reviewer (X-HJ). The
risk of bias was evaluated using the quality of
included studies was evaluated using the
Cochrane Handbook for Systematic Reviews of
Interventions Version 5.0.2, and included the
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Records identified through
database searching

Additional records identified
through other sources
(n=1441) (n=5)

tion was performed with 95%
confidential interval (Cl).

A 4

Records after duplicates removed
(n=798 )

y

Records screened

Results
Outcome of literature search
The study flowchart is shown

in Figure 1. We retrieved a
total of 1441 articles, with

Records excluded

(n=343 )

y

Full-text articles

501 articles from PubMed,

(n=249 ) 188 from the Cochrane

Library, 712 from EMBASE,
14 from CNKI, 10 from VIP

Full-text articles

(n=71)

h 4

Studies included in
qualitative synthesis
(n=12)

Studies included in
quantitative synthesis
(meta-analysis)
(n=12)

accuracy of randomization method, the pres-
ence of allocation concealment, the use of
blinding, the presence of bias due to incom-
plete data, the presence of bias due to selec-
tive reporting, presence of loss of follow-up and
withdrawal, the use of intent-to-treatment (ITT)
analysis if loss of follow-up or withdrawal
occurred, selective reporting of outcomes, and
the presence of other biases [14].

Data analysis

Meta-analysis was performed using the soft-
ware RevMan version 5.0 developed by the
Cochrane Collaboration. The homogeneity
among studies was tested for statistical signifi-
cance with chi-square test. Heterogeneity was
considered present if the P-value was less than
0.1, and a random effects model was used;
otherwise, a fixed effects model was employed
to combine the effect size. For continuous vari-
ables like HbA1c and FPG, mean difference
(MD) represented the effect size, while risk
ratio (RR) indicated effect size for non-continu-
ous variables, such as incidence of adverse
events including hypoglycemia. Interval estima-
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assessed for eligibility » excluded, with reasons

and 16 from CBM and five
(n =58) additional articles from other

Figure 1. The study flow-
4 chart for trial identification
and selection.

sources. After removing du-
plicate reports, the total num-
ber of articles was 798. Of
these, 455 were excluded on
the basis of title and abstract.
Of the 343 that underwent
full text evaluation, 12 stud-
ies [15-27] met our inclusion
criteria. The basic character-
istics of the eligible studies
are described in Table 1.
Ferrannini 2009 [15] and Ma-
tthews 2010 [16] reported the results of the
same clinical trials, but with distinct follow-up
duration. Both articles were included in the
analysis.

Study quality assessment
The quality assessment is shown in Table 2.

Effects on HbAlc

Five RCTs reported HbAlc reduction between
metformin/vildagliptin and metformin/placebo
[20, 21, 23, 24, 26]. Bosi 2009 [22] and Pan
2012 [25] compared metformin/vildagliptin
combination vs. metformin alone. Derosa 2013
[24] reported HbA1c at 3, 6, 9, 12 months: only
the 12-month data were included in the meta-
analysis. Five studies [15-19] compared metfor-
min/vildagliptin vs. metformin plus other OHAs.
The metformin/vildagliptin combination was
superior to metformin alone or metformin plus
placebo [MD=-0.66; 95% CI, -0.92 to -0.40;
P<0.00001] (Supplementary Figure 1), but
comparable to metformin plus other OHAs
[MD=0.02; 95% CI, -0.02 to 0.06; P=0.41]

(Supplementary Figure 2).
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Table 1. Basic characteristics of twelve randomized controlled trials included in this study

Study Sample size Duration of Age (Year) Body mass index HbA1c (%) . Follow-up
Study Country . 5 Interventions .
type (E/C) disease (E/C) (E/C) (kg/m?) (E/C) (E/C) duration

Ferrannini 2009 RCT  Multinational  1396/1393 5.71y/5.75y 57.50/57.46 31.80/31.69 7.31/7.30 E: vildagliptin (50 mg b.i.d) + metformin (1898 mg/d) 52w

[15] & Matthews C: glimepiride (adjusted to 6 mg/d) + metformin (mean

2010 [16] dose of 1898 mg/d)

RCT  Multinational  1562/1556 5.7y/5.7y 57.5/57.5 31.9/31.7 7.3/7.3 E: vildagliptin (50 mg b.i.d) + metformin 104 w

C: glimepiride (adjusted to 6 mg/day) + metformin

Filozof 2010 [17] RCT France 513/494 6.4y/6.8y 59.2/59.7 31.2/30.8 8.5/8.5 E: vildagliptin (50 mg b.i.d) + metformin (1500 mg/ 52w
day)
C: gliclazide (adjusted to 320 mg/d) + metformin
(21500 mg/d)

Bolli 2008 [18] RCT  Multinational 295/281 6.4y/6.4y 56.3/57.0 32.2/32.1 8.4/8.4 E: vildagliptin (50 mg b.i.d) + metformin (=1500 mg/d) 24 w
C: pioglitazone (30 mg/d) + metformin (1500 mg/d)

Blonde 2009 [19] RCT USA 1776/888 5.1y/5.2y 55.3/56.2 32.4/32.4 7.99/7.97 E: vildagliptin (100 mg/d) + metformin (=1000 mg/d) 12w
C: thiazolidinedione + metformin (=1000 mg/d)

Ahren 2004 [20] RCT  Multinational 56/51 56y/5.5y 57.9/55.7 29.6/29.9 7.7/7.8 E: vildagliptin (50 mg g.d) + metformin (1500-3000 52w
mg/d)
C: placebo + metformin (1500-3000 mg/d)

Bosi 2007 [21] RCT  Multinational 177/185/182 6.8y/5.8y/6.2y 54.3/53.9/54.5 32.1/32.9/33.2 8.4/8.4/8.3 E1: vildagliptin (50 mg/d) + metformin (21500 mg/d) 24 w
E2: vildagliptin (100 mg/d) + metformin (=1500 mg/d)
C: placebo + metformin (=1500 mg/d)

Bosi 2009 [22] RCT  Multinational 295/294 22.48 m/26.26 m 52.8/52.4 31.37/31.31 8.70/8.62 E: vildagliptin (50 mg b.i.d) + metformin (1000 mg 24 w
b.i.d)
C: metformin (1000 mg b.i.d)

Goodman 2009 RCT the USA 125/122 \ 54.7/54.5 31.7/31.7 8.5/8.7 E: vildagliptin (100 mg g.d) + metformin (1889 mg/d) 24 w

[23] C: placebo + metformin (1932.2 mg/d)

Derosa 2013 [24] Italy 84/83 6.1/6.3 54.2/52.4 27.9/27.8 8.1/8.2 E: vildagliptin (50 mg b.i.d) + metformin 12 m
C: placebo + metformin

Pan 2012 [25] RCT China 146/148/144 4.92/5.02/5.15 54.2/53.7/54.5 26.01/25.03/25.46 8.09/8.05/8.01 E1: vildagliptin (50 mg b.i.d) + metformin 24 w
E2: vildagliptin (50 mg qd) + metformin
C: metformin

Odawara 2014 RCT Japan 69/70 7.2/7.0 58.7/57.5 25.3/25.9 8.0/8.0 E: vildagliptin (50 mg b.i.d) + metformin (250 mg or 12w

[26] 500 mg bid)
C: placebo + metformin (250 mg or 500 mg bid)

Strozik 2015 [27]  RCT Poland 15/13 45.9/51.4 28.2/29.0 7.8/7.6 E: vildagliptin (100 mg/d) + metformin (1500 mg/d) 12w

C: placebo + metformin
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Table 2. Quality evaluation of twelve randomized controlled trials included in this study

Adequate . Incomplete Free of
Study sequence Allocation Blinding outcome data selective Free‘of other

generation concealment addressed reporting biases
Ferrannini 2009 [15] & Matthews 2010 [16] Unclear risk Low risk Low risk Low risk Low risk Low risk 6
Filozof 2010 [17] Unclear risk Low risk Low risk Low risk Low risk Unclearrisk 6
Bolli 2008 [18] Unclear risk Low risk Low risk Low risk Low risk Low risk 6
Blonde 2009 [19] Low risk Low risk High risk Low risk Low risk Unclearrisk 5
Ahren 2004 [20] Unclear risk Low risk Low risk Low risk Low risk Low risk 6
Bosi 2007 [21] Unclear risk Low risk Low risk Low risk Low risk Low risk 6
Bosi 2009 [22] Unclear risk Low risk Low risk Low risk Low risk Low risk 5
Goodman 2009 [23] Unclear risk Low risk Low risk Low risk Low risk Low risk 6
Derosa 2013 [24] Low risk Low risk Low risk Low risk Low risk Low risk 7
Pan 2012 [25] Unclear risk Low risk Low risk Low risk Low risk Low risk 5
Odawara 2014 [26] Unclear risk Low risk Low risk Low risk Low risk Low risk 6
Strozik 2015 [27] Low risk Unclear risk  Unclear risk Low risk Low risk Low risk 4

Effects on FPG

Seven RCTs [20-24, 26, 27] reported FPG
between metformin/vildagliptin vs. metformin
alone or plus placebo. Four studies [15-18]
compared FPG between metformin/vildagliptin
vs. metformin plus other OHAs. Ahren 2004
[20] reported FPG at both 12 and 52 weeks:
only the 52-week data were included in the
meta-analysis. The metformin/vildagliptin com-
bination was superior to metformin alone or
plus placebo [MD=-1.31; 95% ClI, -1.74 to -0.89;
P<0.00001] (Supplementary Figure 3). In com-
parison to metformin plus other OHAs, the met-
formin/vildagliptin combination was less effec-
tive at <52-week follow-up [MD=0.25; 95% ClI,
0.13 to 0.38; P<0.0001], but comparable at
>52-week follow-up (MD=0.20; 95% CI, -0.08

to 0.48; P=0.16) (Supplementary Figure 4).

Adverse events

Hypoglycemic episodes: The rate of glycemic
episodes in patients receiving metformin/vilda-
gliptin combination was compared with metfor-
min alone or placebo plus metformin [21-23,
25, 26]. Five studies compared the rate of
hypoglycemia between metformin/vildagliptin
combination vs. metformin plus other OHAs
[15-19]. The metformin/vildagliptin combina-
tion was comparable to metformin alone or
metformin plus placebo [RR=0.99; 95% ClI,
0.27 to 3.65, P=0.99] (Supplementary Figure
5). In comparison to metformin plus OHAs, the
metformin/vildagliptin combination was com-
parable at <52 weeks [RR=0.61; 95% CI, 0.11
to 3.39, P=0.57], but caused less frequent
glycemic episodes at >52 week follow-up
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[RR=0.12; 95% CI, 0.09 to 0.17, P<0.00001]
(Supplementary Figure 6).

Other AEs: Six RCTs compared adverse events
other than hypoglycemic episodes between
metformin/vildagliptin combination vs. metfor-
min alone or metformin plus placebo [20-23,
25, 26]. Five studies [15-19] compared metfor-
min/vildagliptin combination vs. metformin
plus other OHAs. The included trials revealed
that adverse events are generally mild and tol-
erable. In comparison to metformin alone or
metformin plus placebo, the metformin/vildagl-
itpin combination was comparable [RR=1.04;
95% ClI, 0.95 to 1.14, P=0.40] (Supplementary
Figure 7). In comparison to metformin plus
other OHAs, the metformin/vildagliptin combi-
nation was comparable at <52 week follow-up
[RR=1.01; 95% CI, 0.91 to 1.12, P=0.86], and
had lower rate of adverse events at >52 week
follow-up [RR=0.96; 95% CI, 0.93 to 0.99,

P=0.01] (Supplementary Figure 8).

All the meta-results were summarized in the
Table 3.

Sensitivity analysis and subgroup analyses

The sensitivity analysis revealed that the
results of the Meta-analysis that compared
vildagliptin/metformin vs. metformin alone or
plus placebo were stable. The sensitivity analy-
sis indicated that intervention in the control
group might affect results. Blonde 2009 [19]
was open-label study, comparing vildagliptin
plus metformin with thiazolidinediones plus
metformin. Pioglitazone is a drug of the thiazoli-
dinedione (TZD) class, Gliclazide and glimepiri-
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Table 3. The results of meta-analysis

Statistical Method Effect

Outcomes Interventions Subgroup Studies Participants Statistical Method Estimate
HbAlc vildagliptin + metformin vs. placebo + metformin <52 w [20-26] 1903 Mean Difference (IV, Random, 95% Cl) -0.66 [-0.92, -0.40]
vildagliptin + metformin vs. OADs + metformin <b2w [15, 17-19] 5997 Mean Difference (1V, Fixed, 95% CI) 0.02 [-0.02, 0.06]
FPG vildagliptin + metformin vs. placebo + metformin <52 w [20-24, 26, 27] 1607 Mean Difference (IV, Random, 95% Cl) -1.31[-1.74, -0.89]
vildagliptin + metformin vs. OADs + metformin <b2w [15, 17, 18] 4101 Mean Difference (1V, Fixed, 95% CI) 0.25[0.13, 0.38]
>52 w [16] 2060 Mean Difference (IV, Fixed, 95% Cl) 0.20 [-0.08, 0.48]
Hypoglycemic vildagliptin + metformin vs. placebo + metformin <52 w [21-23, 25, 26] 1629 Risk Ratio (M-H, Fixed, 95% Cl) 0.99 [0.27, 3.65]
episodes vildagliptin + metformin vs. OADs + metformin <52 w [15, 17-19] 6978 Risk Ratio (M-H, Random, 95% Cl) 0.61[0.11, 3.39]
>52 w [16] 3099 Risk Ratio (M-H, Random, 95% ClI) 0.12[0.09, 0.17]
Other AEs vildagliptin + metformin vs. placebo + metformin <52 w [20-23, 25, 26] 1699 Risk Ratio (M-H, Fixed, 95% ClI) 1.04 [0.95, 1.14]
vildagliptin + metformin vs. OADs + metformin <B2w [15, 17-19] 6977 Risk Ratio (M-H, Random, 95% ClI) 1.01[0.91, 1.12]
>52 w [16] 3099 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.93, 0.99]

Table 4. The results of meta-analysis (additional subgroup analysis)

Statistical Method

Outcomes Interventions Subgroup Studies Participants Statistical Method Effect Estimate
HbAlc vildagliptin + metformin vs OADs + metformin vildagliptin + metformin vs sulfonylurea + metformin [15, 17] 3009 Mean Difference (1V, Fixed, 95% Cl) 0.09[0.03, 0.14]
vildagliptin + metformin vs thiazolidinedione + metformin  [18, 19] 2988 Mean Difference (IV, Fixed, 95% Cl) -0.10 [-0.17, -0.03]
FPG vildagliptin + metformin vs OADs + metformin vildagliptin + metformin vs sulfonylurea + metformin [15, 17] 3591 Mean Difference (1V, Fixed, 95% CI) 0.14 [0.00, 0.28]
vildagliptin + metformin vs thiazolidinedione + metformin [18] 510 Mean Difference (IV, Fixed, 95% Cl) 0.70[0.42, 0.98]
Hypoglycemic vildagliptin + metformin vs OADs + metformin vildagliptin + metformin vs sulfonylurea + metformin [15, 17] 3775 Risk Ratio (M-H, Random, 95% Cl) 0.22[0.04, 1.10]
episodes vildagliptin + metformin vs thiazolidinedione + metformin  [18, 19] 3203 Risk Ratio (M-H, Random, 95% Cl) 2.381[0.75, 7.59]
Other AEs vildagliptin + metformin vs OADs + metformin vildagliptin + metformin vs sulfonylurea + metformin [15, 17] 3775 Risk Ratio (M-H, Random, 95% Cl) 0.95[0.87, 1.04]
vildagliptin + metformin vs thiazolidinedione + metformin  [18, 19] 3203 Risk Ratio (M-H, Random, 95% Cl) 1.08 [0.99, 1.18]
9500 Int J Clin Exp Med 2016;9(6):9495-9503
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de are classified as a sulfonylurea. Ferrannini
2009 [15] & Matthews 2010 [16], Filozof 2010
[17] compared vildagliptin/metformin with sul-
fonylurea/metformin, and Blonde 2009 [19]
and Bolli 2008 [18] compared vildagliptin/met-
formin with thiazolidinedione/metformin. An
additional subgroup analysis was conducted
according to the class of antidiabetic drugs that
plus metformin in the control group. The met-
formin/vildagliptin combination was superior to
metformin plus thiazolidinedione [MD=-0.10;
95% Cl,-0.17 to -0.03; P=0.005] in reduction of
HbAlc, but the metformin/sulfonylurea combi-
nation was superior to the metformin/vilda-
gliptin combination [MD=0.09; 95% CI, 0.03 to
0.14; P=0.001]. In comparison to metformin
plus sulfonylurea, the metformin/vildagliptin
combination was comparable [MD=0.14; 95%
Cl, 0.00 to 0.28; P=0.05] in reduction of PFG,
while the metformin/thiazolidinedione combi-
nation was superior to the metformin/vilda-
gliptin combination [MD=0.70; 95% ClI, 0.42 to
0.98; P<0.00001]. Subgroup analyses did not
affect the safety outcomes (Table 4).

Discussion

The primary purpose of T2DM therapy is reduc-
tion of hyperglycemia, but the selection of an
optimal agent for treatment of T2DM can pose
a challenge given that many therapeutic options
are effective in reducing HbAZlc. Due to the spe-
cific mechanism of action, DPP-4 inhibitor is a
viable option for use in combination with met-
formin for the treatment of T2DM. The currently
commercially available DPP-4 inhibitor/metfor-
min compounds include Janumet (sitagliptin/
metformin), Eucreas (vildagliptin/metformin)
and Kombiglyze XR (saxagliptin/metformin). In
the current meta-analysis, we assessed the
efficacy and safety of vildagliptin in combina-
tion with metformin for the treatment of T2DM
in comparison with metformin in combination
with other anti-diabetic drugs by analyzing data
from eligible RCTs. Our findings showed that
the vildagliptin-metformin combination therapy
achieved a significantly higher efficacy than
metformin monotherapy and comparable effi-
cacy to metformin in combination with other
anti-diabetic agents in reducing HbAlc for the
treatment of T2DM.

Although the primary goal of T2DM treatment is
reduction of hyperglycemia, avoidance of hypo-
glycemia also remains a critical concern as
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severe hypoglycemia is associated with an
increased risk of death [28]. We compared the
incidence of hypoglycemic events associated
with the vildagliptin-metformin combination
therapy versus metformin alone or metformin
in combination with other OHAs. We found that
the incidence of hypoglycemic events caused
by the vildagliptin-metformin combination ther-
apy was comparable to metformin alone in the
treatment of T2DM. And with long follow-up
duration (over one year), combined treatment
with vildagliptin and metformin was superior to
metformin plus other OHAs in reducing the risk
of hypoglycemia. The vildagliptin-insulin combi-
nation therapy causes more significant reduc-
tion in HbAlc than insulin monotherapy in
T2DM patients with high-risk hypoglycemia,
and is associated with a lower incidence of
severe hypoglycemia [24]. In addition to blood
glucose control, vildagliptin improves the func-
tion of pancreatic islet o and B cells [25, 26].
These findings suggest that vildagliptin may
protect against hypoglycemia. Therefore, the
vildagliptin-metformin combination therapy
offers an effective and safe alternative treat-
ment for T2DM.

The present study systematically evaluates the
efficacy and safety of vildagliptin combined
with metformin for the treatment of T2DM,
which provides evidence for clinical application
of the vildagliptin-metformin combination regi-
men. The RCTs enrolled in this meta-analysis
are of high quality. Although blinding was not
employed in the study by Blonde 2009 [19], the
major outcome measure of HbA1c is an objec-
tive and quantitative parameter with low risk of
bias. However, we only retrieved English and
Chinese literatures, and therefore cannot rule
out the possibility of publication bias. In addi-
tion, the participants recruited in the RCTs were
followed up for a short period of time. Therefore,
the long-term efficacy and safety of vildagliptin
in combination with metformin for the treat
ment of T2DM was not evaluated in this study.

Conclusions

In summary, the vildagliptin-metformin combi-
nation therapy is effective in reducing HbA1C,
and does not increase the incidence of adverse
events and the risk of hypoglycemia in the
treatment of T2DM. Further high-quality, long-
term clinical trials are required to validate the
long-term efficacy and safety of vildagliptin in
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combination with metformin for the treatment
of T2DM.
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Supplementary Table 1. Search strategy

PubMed:
#1 randomized controlled trial [pt]
#2 controlled clinical trial [pt]
#3 randomized [tiab]
#4 placebo [tiab]
#5 drug therapy [sh]
#6 randomly [tiab]
#7 trial [tiab]
#8 groups [tiab]
#9 or/#1~#8
#10 vildagliptin/
#11 vildagliptin [ab/ti/kw]
#12 galvus [ab/ti/kw]
#13 LAF 237 [ab/ti/kw]
#14 LAF237 [ab/ti/kw]
#15 LAF-237 [ab/ti/kw]
#16 or/#10~#15 [ab/ti/kw]
#17 #9 and #16 [ab/ti/kw]
EMBASE:
#1 ‘controlled clinical trial’/exp
#2 ‘double blind procedure’/exp
#3 ‘'single blind procedure’/exp
#4 ‘crossover procedure’/exp
#5 ‘prospective study’/exp
#6 ‘comparative study’/exp
#8 ‘randomization’/exp
#9 ‘placebo’/exp
#10 blind*: ab, ti
#11 random*: ab, ti
#12 control*: ab, ti
#13 placebo*: ab, ti
#14 or/#1~#13
#15 ‘vildagliptin’/syn and [embase]/lim
#16 and #14, #15
The Cochrane central register of controlled trails:
#1 vildagliptin [ab/ti/kw]
#2 galvus [ab/ti/kw]
#3 LAF 237 [ab/ti/kw]
#4 LAF237 [ab/ti/kw]
#5 LAF-237 [ab/ti/kw]
#6 or/#10~#15 [ab/ti/kw]
#7 clinical trial [pt]
#8 #6 and #7
Chinese Literature Database:
#1 randomization
#2 control
#3 blind
#4 single-blind
#5 double-blind
#6 three-blind
#7 placebo
#8 or/#1~#7
#9 vildagliptin
#10 Galvus
#11 or/#9~#10
#12 #8 and #11
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Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight
1.1.1 <52w

Ahren 2004 -06 0.75 56 01 071 51 136%
Bosi 2007 -08 136 185 0.2 135 182 136%
Bosi 2009 16 103 285 -11 103 294 151%
Derosa 2012 -1.2 057 84 -0.8 065 83 149%
Goodman 2009 -0B6 1.23 123 017 1.21 122 132%
Odawara 2014 -1.1 0.49 68 -0D1 05 70 1532%
Pan 2012 -1.05 097 146 -092 096 144 144%
Subtotal (95% ClI) 957 946 100.0%

Heterogeneity: Tau®= 0.11; Chi*= 59.88, df= 6 (P < 0.00001); F=80%
Test for overall effect Z= 5.02 (P < 0.00001)

Test for subgroup differences: Not annlicable

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% Cl

-0.70 [-0.98,-0.42)
-1.101.38,-0.82)
-0.50 [-0.67,-0.33]
-0.40 [-0.59,-0.21)
-0.83[1.14,-0.52)
-1.00 (1.17,-0.83]

-0.13 [-0.35, 0.09]
-0.66 [0.92, -0.40]

——
—_—
—_—
—_—
—_—
——

—_—

-

4 05 0 05 1
Favours [experimental] Favours [control]

Supplementary Figure 1. A meta-analysis of the effect of vildagliptin + metformin vs. placebo + metformin or met-

formin alone on HbA1c in type 2 diabetes mellitus patients.

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
1.21 52w
Blonde 2009 -0.68 0.81 1653 -057 0.86 825 34.8% -0.11[-018,-0.04] ——
Bolli 2008 -0.9 1.62 264 -1 157 246 2.3% 0.10[0.18,0.38]
Ferrannini 2009 -0.44 067 1118 -053 065 1072 56.6% 0.09[0.03 015 ——
Filozof 2010 -0.81 1.21 407 -085 122 412 63% 004[013021) —
Subtotal (95% CI) 3442 2555 100.0% 0.02[-0.02, 0.06] <>
Heterogeneity. Chi*= 19.59, df= 3 (P = 0.0002); F= 85%
Test for overall effect: Z= 0.82 (P = 0.41)
1.2.2 >52w
Matthews 2010 -01 0 1562 -01 0 1556 Not estimable
Subtotal (95% CI) 1562 1556 Not estimable

Heterogeneity: Not applicable
Test for overall effect: Mot applicable

Total (95% CI) 5004
Heterogeneity: Chi*=19.59, df= 3 (P = 0.0002); I*= 85%
Test for overall effect: Z= 0.82 (P = 0.41)

Test for subgroup differences: Not applicable

4111 100.0% 0.02 [-0.02, 0.06]

»

02-01 0 01 02
Favours [experimental] Favours [control]

Supplementary Figure 2. A meta-analysis of the effect of vildagliptin + metformin vs. other oral antidiabetic drugs +

metformin on HbA1c in type 2 diabetes mellitus patients.

Experimental Control

Study or Subgrou Mean _SD Total Mean SD Total Weight
211 52w

Ahren 2004 -0.6 1.94 42 05 215 29 9.7%
Bosi 2007 -1.7 408 185 0.7 27 182 128%
Bosi 2009 -263 223 295 -1.26 223 294 17.3%
Derosa 2012 -1.84 077 84 -122 071 83 18.7%
Goodman 2009 -1.02 268 125 008 265 122 133%
Odawara 2014 1.7 132 68 -01 1.34 70 16.2%
Strozik 2015 -1.11 074 15 -008 1.23 13 12.0%
Subtotal (95% CI) 814 793 100.0%

Heterogeneity: Tau®= 0.24; Chi*= 31.04, df= 6 (P < 0.0001); F=81%
Test for overall effect Z=6.05 (P < 0.00001)

Test for subgroup differences: Not applicable

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

—_—

-1.10[-2.08,-0.12)
-2.40[-3.11,-1.69)
-1.37 [1.73,-1.01) -
-0.72 [-0.94, -0.50]
-1.10 [1.76, -0.44)
-1.60 [-2.04,-1.18)
-1.03 [-1.80, -0.26)
1.31[1.74,-0.89]

——
-
—_
-
—
L 4

-4 0 2 4
Favours [experimental] Favours [control]

':)-_

Supplementary Figure 3. A meta-analysis of the effect of vildagliptin + metformin vs. placebo + metformin or met-

formin alone on FPG in type 2 diabetes mellitus patients.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
2.21 52w
Bolli 2008 -1.4 162 264 -21 157 246 166% 0.70[0.42 099 — &
Ferrannini 2009 -1.01 201 1388 -1.14 196 1383 583% 013002 0.29 i
Filozof 2010 -1.31 282 407 -152 284 412 85% 0.21[-018,060 s I
Subtotal (95% Cl) 2060 2041 83.4% 0.25[0.13,0.38] -«
Heterogeneity: Chi*=12.72, df= 2 (P = 0.002); F= 84%
Test for overall effect: Z= 3.99 (P < 0.0001)
2.2.2>52w
Matthews 2010 -0.5 3.24 1051 -0.7 318 1009 16.6% 0.20[-0.08, 048] T
Subtotal (95% Cl) 1051 1009 16.6% 0.20 [-0.08, 0.48] s
Heterogeneity: Not applicable
Test for overall effect Z=1.41 (P=0.16)
Total (95% CI) 311 3050 100.0% 0.24[0.13,0.36] <>
Heterogeneity: Chi*=12.83, df= 3 (P = 0.005); F=77% 11 0: P 3 0:5 1:

Testfor overall effect: Z= 4.22 (P < 0.0001)

Favours [experimental] Favours [control]

Test for subgroup differences: Chi*=0.11.df=1 (P=0.74). F= 0%

Supplementary Figure 4. A meta-analysis of the effect of vildagliptin + metformin vs. other oral antidiabetic drugs +
metformin on FPG in type 2 diabetes mellitus patients.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M.H, Fixed. 95% CI M_-H. Fixed, 95% CI
3.1.1 <52w
Bosi 2007 1 183 1 182 222% 0.99([0.06,15.79) .
Bosi 2009 0 295 2 294 554%  0.20([0.01,4.13) —
Goodman 2009 1 125 0 122 11.2% 2.93[0.12,71.20] I - E—
Odawara 2014 0 68 0 70 Not estimable
Pan 2012 1 146 0 144 111% 296([0.12,72.04) —_—
Subtotal (95% CI) 817 812 100.0% 0.99 [0.27, 3.65] ".‘
Total events 3 3
Heterogeneity: Chi*=1.97, df=3 (P=0.58), F=0%
Test for overall effect: Z= 0.02 (P = 0.99)

0.001 01 1 10 1000

Test for subgroup differences: Not applicable

Favours [experimental] Favours [control]

Supplementary Figure 5. A meta-analysis of the effect of vildagliptin + metformin vs. placebo + metformin or met-
formin alone on the incidence of hypoglycemic events in type 2 diabetes mellitus patients.



Vildagliptin combined with metformin for type 2 diabetes

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Random. 95% Cl M-H. Random, 95% CI
3.21 <52w
Blonde 2009 14 1756 3 871 18.7% 2.31 [0.67,8.03] = =
Bolli 2008 1 295 0 281 6.5% 2.86[0.12,69.87)
Ferrannini 2009 23 1389 224 1383 26.5% 0.10[0.07,0.186) —-
Filozof 2010 B 510 11 493 21.3% 0.53[0.20,1.41) =
Subtotal (95% CI) 3950 3028 73.0% 0.61[0.11, 3.39] —~——
Total events 44 238
Heterogeneity. Tau®= 2.47; Chi*= 30.62, df= 3 (P < 0.00001), F= 90%
Test for overall effect Z= 0.56 (P = 0.57)
3.2.2 >52w
Matthews 2010 35 1553 281 1546 27.0% 0.12[0.08,017) ---
Subtotal (95% CI) 1553 1546 27.0% 0.12[0.09, 0.17] ‘
Total events 35 281
Heterogeneity. Not applicable
Test for overall effect Z=11.89 (P < 0.00001)
Total (95% CI) 5503 4574 100.0% 0.34[0.13, 0.86] i
Total events 79 519

e 3 - Chid= = SR= I } t i
Heterogeneity: Tau®= 0.80; Chi*= 32.41, df= 4 (P < 0.00001); F= 88% 001 01 1 10 100

Test for overall effect Z=2.28 (P=0.02)

Favours [experimental
Testfor subgroup differences: Chi*= 3.20. df= 1 (P = 0.07). = 68.7% i) I

Favours [control]

Supplementary Figure 6. A meta-analysis of the effect of vildagliptin + metformin vs. other oral antidiabetic drugs +

metformin on the incidence of hypoglycemic events in type 2 diabetes mellitus patients.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H, Fixed, 95% CI
411 52w
Ahren 2004 29 42 17 29 49% 1.18[0.82,1.70) ]
Bosi 2007 119 183 115 181 28.0% 1.02[0.88,1.19] —
Bosi 2009 170 295 151 294 36.7% 1.121[0.97,1.30] T8
Goodman 2009 38 125 42 122 10.3% 0.88[0.62,1.27] e
Odawara 2014 30 68 29 70 B9% 1.06[0.72,1.57) -
Pan 2012 50 146 54 144 132% 0.91 [0.67,1.24)] L
Subtotal (95% CI) 859 840 100.0%  1.04[0.95,1.14] >
Total events 436 408
Heterogeneity: Chi*= 297, df=5(P=0.70), F=0%
Test for overall effect: Z= 0.84 (P = 0.40)

05 07
Favours [experimental]

1

Test for subgroup differences: Not applicable

15 2
Favours [control]

Supplementary Figure 7. A meta-analysis of the effect of vildagliptin + metformin vs. placebo + metformin or met-

formin alone on the incidence of adverse events in type 2 diabetes mellitus patients.
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Risk Ratio

Risk Ratio

1.09 [0.98,1.21]
1.07 [0.93,1.23]
0.92 [0.88, 0.96]
1.01 [0.91,1.11]
1.01[0.91,1.12]

Experimental Control
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl
421 52w
Blonde 2009 694 1756 316 871 151%
Bolli 2008 177 295 158 281 108%
Ferrannini 2008 1035 1389 1121 1383 28.0%
Filozof 2010 315 510 302 493 16.3%
Subtotal (95% Cl) 3950 3028 70.1%
Total events 2221 1897

Heterogeneity: Tau®= 0.01, Chi*=15.56, df= 3 (P = 0.001), F=81%
Testfor overall effect Z=0.19 (P = 0.85)

4.2.2 >52w

Matthews 2010 1291 1553 1335 1546 29.9%
Subtotal (95% CI) 1553 1546 29.9%
Total events 1291 1335

Heterogeneity: Not applicable

Testfor overall effect: Z=2.49 (P = 0.01)

Total (95% ClI) 5503 4574 100.0%
Total events 3512 3232

Heterogeneity: Tau®= 0.00; Chi*=14.94, df= 4 (P = 0.005), F=73%
Testfor overall effect Z=0.48 (P = 0.63)
Testfor subgroup differences: Chi*= 0.78. df=1 (P=0.38). F=0%

0.96[0.93,0.99]
0.96 [0.93, 0.99]

0.99 [0.93, 1.04]

-
R E—
-

R S—

>

*n

<

M-H, Random, 95% CI

05 07

15 2

Favours [experimental] Favours [control]

Supplementary Figure 8. A meta-analysis of the effect of vildagliptin + metformin vs. other oral antidiabetic drugs +
metformin on the incidence of adverse events in type 2 diabetes mellitus patients.



