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Abstract: Purpose: This meta-analysis was performed to evaluate the efficacy and safety of saxagliptin and met-
formin as initial combination therapy in patients with type 2 diabetes. Methods: A meta-analysis was performed
to identify randomized controlled trials (RCTs) of saxagliptin plus metformin as combination therapy in patients
with type 2 diabetes whose glycaemic control was insufficient after metformin monotherapy. RCTs were retrieved
from PubMed, Embase, the Cochrane Library and Clinical Trials Gov through May 2015. Two people independently
extracted data, including haemoglobin A1C (HbA, ), fasting plasma glucose (FPG), weight, and adverse events, as-
sessed search results and appraised risk of bias. Results: Five RCTs were included in this meta-analysis. Compared
with metformin monotherapy, saxagliptin combined with metformin could significantly reduce HbA, [MD=-0.44,
95% CI (-0.71, -0.17), P<0.00001] and FPG level [MD=-0.62, 95% CI (-1.09, -0.15), P<0.00001]. Meanwhile, this
combination therapy did not further decreased cardiovascular events [MD=0.96, 95% CI (0.31, 2.92), P=1.00] and
increased incidence risk of hypoglycaemia [MD=3.22, 95% ClI (1.10, 9.40), P=0.75]. Conclusions: Saxagliptin com-
bined with metformin can be effective in improving glycemic control in patients with type 2 diabetes and decreasing

incidence of hypoglycemia.
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Introduction

Type 2 diabetes is believed to be a chronic, pro-
gressive, and multifactorial metabolic disease
defined by the presence of chronic hyperglyce-
mia [1]. Long-term elevated blood glucose lev-
els will cause complications of various organs,
including retinopathy [2], nephropathy [3], and
peripheral neuropathy [4]. Control of blood glu-
cose is fundamental to the management of dia-
betes. The American Diabetes Association rec-
ommends a glycemic target of a glycosylated
hemoglobin (HbA, )<7% [5]. Lifestyle changes
such as diet, exercise, and weight loss are typi-
cally recommended for patients with type 2 dia-
betes, but most patients still require pharmaco-
therapy to achieve glycemic goals.

Dipeptidyl peptidase-4 (DPP-4) inhibitors (e.g.,
sitagliptin, linagliptin, vildagliptin, saxagliptin,
and alogliptin) provide new choices for oral

pharmacological therapy [6, 7]. The incretin
hormones, including glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic
polypeptide (GIP) released from the small intes-
tine, are released in a glucose-dependent man-
ner after food intake [8, 9]. The enhancement
of GLP-1 and GIP stimulates the pancreas to
secrete insulin, as well as reduces glucagon
secretion and glucose production in liver [10,
11]. Saxagliptin, a DPP-4 inhibitor, improves gl-
ucose control in patients with type 2 diabetes
through contributing to the increased concen-
tration of GLP-1 and GIP [9]. Metformin is used
in the clinic more than 60 years and is still rec-
ommended as the first line therapy for patients
with type 2 diabetes [12-15]. Metformin lowers
glucose levels through suppressing hepatic glu-
cose production [16]. Besides, it can reduce
the absorption of glucose from the gastrointes-
tinal tract (GIT), enhance peripheral glucose
uptake and increase insulin sensitivity [17, 18].
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meta-analysis

Figure 1. Flow diagram of citations.

By combining their different, complementary
glucose-lowering activity, saxagliptin and met-
formin synergistic treatment benefits patients
to achieve glucose target than individual com-
ponent [19-21]. Hence, we conducted a meta-
analysis to assess comparative change in
HbA, , FPG and risk of hypoglycaemia of saxa-
gliptin as add-on therapy to metformin in
patients with type 2 diabetes inadequately con-
trolled with metformin monotherapy.

Methods
Information sources and search strategy

We identified eligible studies through electronic
databases, including Medline, Embase, the
Cochrane Library, and Clinical Trials Gov, from
inception to March 2015 using pertinent terms
(saxagliptin, metformin, dipeptidyl peptidase-4
inhibitors, DPP-4 inhibitors). In addition, we ha-
nd-searched abstracts of major scientific meet-
ings in the field of diabetes along with any asso-
ciated e-posters (American Diabetes Associ-
ation, Canadian Diabetes Association, Europ-
ean Association for the Study of Diabetes,
American Association of Clinical Endocrinolo-
gists and International Diabetes Federation)
from 2010 to 2015.

Study selection

In this meta-analysis, we included randomized
controlled trials (RCTs) with the follow-up dura-
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ars of publication or publica-
tion status. Studies without a
control group, non-random-
ized grouping and retrospec-
tive trials were excluded.

Data extraction and risk of bias assessment

Trial data were independently abstracted by
two reviewers and any resulting discrepancies
were resolved by discussion. For each eligible
trial included, we extracted data on study char-
acteristics, baseline characteristics of partici-
pants and key efficacy and safety outcomes.
The quality of included trials was assessed
through Jadad criteria [22]. Assessment includ-
ed the following domains: random sequence
generation, allocation concealment, blinding,
incomplete outcome data, and selective out-
come reporting.

Data synthesis and analysis

During the study, Cochrane Collaboration’s
method was used for meta-analysis. Significa-
nt heterogeneities among the studies were
resolved with the random-effects model (Der-
Simonian-Laird method) [23]. Otherwise, the
fixed-effects model (Mantel-Haenszel method)
was applied [24]. The mean difference (MD),
pooled odds ratio (OR) and their 95% confi-
dence intervals (Cl) were calculated for each
outcome. Cochran’s chi-squared test was used
to examine heterogeneity among the included
studies and 2, which is the proportion of the
total variation due to heterogeneity between
studies, was computed to determine the degree
of inconsistency across studies. Heterogeneity
was assessed by using I? statistics, with results
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Table 1. Characteristics of RCTs included in this meta-analysis

Study M((;aeg;%e Study size  Combination therapy Monotherapy Stu?x;j;;:)t on Qu?r:q'gxsg;) re
White [27] 55 160 Saxagliptin 2.5 mg+Metformin 21500 mg Metformin 21500 mg 12 4
Hermans [28] 58 286 Saxagliptin 5 mg+Metformin 1500 mg Metformin 2500 mg 24 3
Yang [29] 54 570 Saxagliptin 5 mg+Metformin 1500 mg Metformin 21500 mg 24 5
Deffronzo [30] 54 371 Saxagliptin 2.5 mg+Metformin1500~2000 mg Metformin 1500~2000 mg 24 4
Fonseca [31] 55 282 Saxagliptin 5 mg+Metformin 1500 mg Metformin 2000 mg 18 4
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Saxagliptin plus metformin Metformin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Deffronzo 2009 -0.69 0.07 191 013 007 179 200% -0.82[-0.83,-0.81)] -
Fonseca 2012 -0.88 0.07 138 -0.35 0.08 144 200% -0.53[-0.55,-0.51] -
Hermans 2012 -0.47 0.06 147 -038 006 133 200% -0.09[0.10,-0.08] -
White 2014 -0.56 0.09 74 -0.22 008 86 20.0% -0.34[-0.37,-0.31) -
Yang 2011 -0.78 01 283 -0.37 0.09 287 200% -0.41[043,-0.39] .
Total (95% CI) 833 835 100.0% -0.44[-0.71,-0.17] S

Heterogeneity: Tau®= 0.09; Chi*= 5322.49, df= 4 (P < 0.00001); F= 100% ! !

Test for overall effect: Z=3.18 (P = 0.001)

-2 A 0 1
Saxagliptin plus metformin Metformin

Figure 2. Meta-analysis for HbAlc change from baseline between saxagliptin plus metformin as combination ther-

apy and metformin monotherapy.

Saxagliptin plus metformin Metformin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Deffronzo 2009 -1.22 0.14 191 006 014 179 200% -1.28[1.31,-1.25] -
Fonseca 2012 -1.1 017 138 -0.38 017 144 200% -0.73[0.77,-0.69) -
Hermans 2012 -11 016 147 <11 017 139 20.0% 0.00 [-0.04, 0.04]
White 2014 -0.76 0.25 74 -0.23 0.23 86 199% -0.53[-0.60,-0.46) -
Yang 2011 -1.14 0.21 283 -058 0.2 287 200% -056[059,-053] =
Total (95% CI) 833 835 100.0% -0.62[-1.09,-0.15] -
Heterogeneity: Tau®= 0.28; Chi*= 2946.14, df= 4 (P < 0.00001); F=100% 2 1 5 1 2:

Testfor overall effect: Z= 2.61 (P = 0.009)

Saxagliptin plus metformin Metformin

Figure 3. Meta-analysis for FPG change from baseline between saxagliptin plus metformin as combination therapy

and metformin monotherapy.

Saxagliptin plus metformin

Metformin

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Deffronzo 2009 1 191 1 173 240% 0.94[0.06,15.09]
Fonseca 2012 5 138 2 144 441% 2.67[0.51,13.99) T
White 2014 4 74 1 86 204% 4.86(0.53, 44.45) I e a—
Yang 2011 3 283 0 287 115% 7.17[0.37,139.53] +
Total (95% CI) 686 696 100.0%  3.22[1.10,9.40] -
Total events 13 4

ity Chif= =3(P= Rz ; } t {
Heterogeneity: Chi*=1.22, df= 3 (P = 0.75); F= 0% 0.01 01 10 100

Test for overall effect Z=2.14 (P=0.03)

Saxagliptin plus mefformin Metformin

Figure 4. Meta-analysis for hypoglycaemia between saxagliptin plus metformin as combination therapy and metfor-

min monotherapy.

ranging from O to 100% and values of 25, 50
and 75% representing low, moderate and high
levels of heterogeneity, respectively 25. The
random-effect model was used when [>>50%,
whereas the fixed-effect model was used in
cases where heterogeneity was not significant
(I’<50%). A sensitivity analysis was performed,
for the main analysis and for the predefined
separate analyses, including also trials with
zero events, using continuity correction. Pub-
lication bias was assessed using visual inspec-
tion of funnel plots and Egger’s weighted re-
gression statistics, where asymmetrical funnel
plot and Egger’s p-value <0.05 indicate poten-
tial publication bias [26]. All statistical analyses
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were performed by RevMan5.0 from Cochrane
Collaboration.

Results

Figure 1 presented the trial flow summary. A
total of 5 trials fulfilling the inclusion criteria
were ultimately included in this meta-analysis
[27-31]. Characteristics of the studies included
in the review are presented in Table 1.

Compared with metformin monotherapy, saxa-
gliptin plus metformin combination therapy
could significantly reduce HbA  [MD=-0.44,
95% CI (-0.71, -17), P<0.00001; heterogeneity
(I’=100%), Figure 2] and FPG [MD=-0.62, 95%

Int J Clin Exp Med 2016;9(10): 18816-18823
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Saxagliptin plus metformin Metformin
Total Events Total Weight M-H, Fixed, 95% CI
15.3% 1.04[0.06,16.85]
69.0% 0.93[0.24,3.58]
15.6% 1.01[0.06,16.29]

Study or Subgroup Events

Fonseca 2012 1 138 1
White 2014 4 74 5
Yang 2011 1 283 1
Total (95% ClI) 495

Total events 6 7

Heterogeneity: Chi*= 0.01, df=2 (P=1.00); F= 0%
Test for overall effect Z=0.08 (P = 0.94)

Odds Ratio Odds Ratio
M-H, FixeLd. 95% ClI

100.0%  0.96 [0.31,2.92]

001 0.1 1 10 100
Saxagliptin plus metformin  Metformin

Figure 5. Meta-analysis for cardiovascular events between saxagliptin plus metformin as combination therapy and

metformin monotherapy.

Saxagliptin plus metformin Metformin

0Odds Ratio 0Odds Ratio
M-H, Fixed, 95% CI

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl
Deffronzo 2009 4 191 6 45.2% 0.62[0.17,2.22)
Hermans 2012 3 147 2 15.0% 1.431[0.23,8.67)
White 2014 3 74 B 39.7% 0.56 [0.14, 2.34]
Total (95% CI) 412 100.0%  0.72[0.31,1.64]
Total events 10 14

Heterogeneity: Chi*= 0.72, df= 2 (P = 0.70); F= 0%
Test for overall effect. Z= 0.78 (P = 0.43)

001 0.1 1 10 100
Saxagliptin plus metformin Metformin

Figure 6. Meta-analysis for gastrointestinal adverse reactions between saxagliptin plus metformin as combination

therapy and metformin monotherapy.

Cl (-1.09, -0.15), P<0.00001, heterogeneity
(I’=100%), Figure 3].

There was no statistical difference in the inci-
dence rate of hypoglycaemia between saxa-
gliptin plus metformin and metformin mono-
therapy [MD=3.22,95% CI (1.10, 9.40), P=0.75,
>=0%, Figure 4]. Consistently, saxagliptin com-
bined with metformin did not further reduce
adverse cardiovascular events [MD=0.96, 95%
Cl (0.31, 2.92), P=1.00, I’=0%, Figure 5] com-
pared to metformin monotherapy. Gastrointe-
stinal adverse effects were also assessed in
this meta-analysis, and it was found that no
increased risk of gastrointestinal adverse reac-
tions were seen between saxagliptin plus met-
formin as combination therapy and metformin
monotherapy [MD=0.72, 95% CI (0.31, 1.64),
P=0.70, I’=0%, Figure 6].

Discussion

This meta-analysis demonstrated that saxa-
gliptin and metformin combination therapy sig-
nificantly improves glucose control in patients
with type 2 diabetes compared with metformin
monotherapy. Combination therapy has greater
reduction in HbA, and FPG than metformin
monotherapy, and does not increase the inci-
dence of various adverse reactions.
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In summary, saxagliptin, a selective DPP-4 in-
hibitor, is recommended as an adjuvant thera-
py to achieve ideal glucose targets in patients
with type 2 diabetes [32]. It has demonstrated
that saxagliptin is weight neutrality and low risk
for hypoglycemia when used as monotherapy
[33]. Saxagliptin plus metformin combination
therapy provides a complementary mechanism
of action. This combination therapy provides
further decrease in HbA,  from baseline, and
permit more patients to achieve HbA, goal
than the individual component [19, 20, 34]. In
addition, saxagliptin probably be suitable alter-
native for subjects with type 2 diabetes who
cannot take metformin, and reduce cardiovas-
cular risk, especially for patients with heart
disease.

One randomized, double-blind, placebo-con-
trolled study [30] was performed to assess the
efficacy of saxagliptin, with different daily dose,
plus a stable dose of metformin in subjects
type 2 diabetes. This trial demonstrates that
the therapy of saxagliptin combined with met-
formin was well tolerated and significantly
improved glycemic indexes in patients inade-
quately controlled with metformin alone. Some
other trials [27-29, 31] obtained the same con-
clusion that saxagliptin plus metformin combi-

Int J Clin Exp Med 2016;9(10):18816-18823
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nation therapy was an effective and safe treat-
ment for patients not achieving glycemic goal.

Patients with diabetes usually have high car-
diovascular risks and some antidiabetic agents
also probably increased incidence rate of car-
diovascular events in patients [35]. Recently, in
consideration of certain antidiabetic agent with
additional cardiovascular risks, the Food and
Drug Administration asks for all the new devel-
oped diabetes drugs to present cardiovascular
risks [36]. This study demonstrated that saxa-
gliptin combined with metformin didn’tincrease
cardiovascular risks compared with metformin
monotherapy, and even contributed to the re-
duced incidence of cardiovascular events. Co-
mpared with younger patients with type 2 dia-
betes, elderly patients usually are more likely
to get hypoglycaemia [37]. DPP-4 inhibitors
have good safety profile, such as low risk of
hypoglycaemia [38]. Accordingly, there was no
significant difference in reductions of HbA
from baseline between elderly and younger
patients receiving saxagliptin [39], which dem-
onstrated good safety and tolerance in elderly
patients.

There were some potential limitations in this
study. Only five trials investigating efficacy and
safety of saxagliptin combined with metformin
were identified in this study [27-31]. Hence,
more evidence is needed to further confirm
clinical value of saxagliptin and metformin
combination therapy. In addition, the efficacy
of saxagliptin monotherapy and in combination
with other oral antidiabetic agents was not con-
sidered in this study.

Conclusion

Saxagliptin combined with metformin can be
effective in improving glycemic control in
patients with type 2 diabetes and decreased
incidence of hypoglycemia. More high-quality
RCTs are demanded to evaluate long-term sa-
fety and efficacy of saxagliptin combination
with metformin in future.
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