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Abstract: Backround: Several dipeptidyl peptidase IV (DPP-1V) inhibitors have been developed and commonly used.
However, healthcare providers question that which one is superior over the other for both hypoglycemic efficacy and
safety as very few comparison trials have been conducted so far. The aim of this systematic review was to evaluate
the hypoglycemic efficacy and safety of sitagliptin with other DPP-IV inhibitors directly in patients with type 2 diabe-
tes mellitus. Material and method: We conducted a systematic review of English articles using database of Pubmed,
Embase, Cochrane library, Sinomed and clinical trial register centers, for randomized controlled trials of DPP-IV in-
hibitors in patients with type 2 diabetes mellitus. Two authors extracted the articles independently. A meta-analysis
was performed when homogeneous enough. Results: Four studies, including 6 comparisons (2 for sitagliptin vs.
saxagliptin, 2 for sitagliptin vs. vildagliptin and 2 for sitagliptin vs. gemigliptin) were included in this meta-analysis.
HbAlc was analyzed, and there was no statistical difference between sitagliptin and three other agents in total
(mean difference -0.09, 95% Cl, -0.17 to -0.00). Pooled data of total side effects did not find any statistical differ-
ence in total and when compared to other side effects. However, two studies reported the side effect of arthralgia,
and one showed that the incidence of arthralgia was higher in sitagliptin than saxagliptin. Conclusions: All the four
agents of DPP-IV inhibitors have good efficacy and safety. Sitagliptin was not superior to other three DPP-IV inhibitors
(saxagliptin, vildagliptin, and gemigliptin).
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Introduction

Dipeptidyl peptidase IV (DPP-IV) inhibitors are a
new class of oral hypoglycemic agents that acts
by blocking the degradation of glucagon-like
peptide-1 (GLP-1) and improve glycemic control
[1]. This class has the advantage of fewer side
effects and fewer incidences of hypoglycemic
events [2-5]. It was stated previously that DPP-
IV inhibitors have been considered as second
line of drugs for the management of hyperglyce-
mia in type 2 diabetes mellitus (T2DM) in clini-
cal guidelines both domestic and overseas [6,
7]. Members of this class can be used as an
adjunct drug with metformin, sulfonylurea, in-
sulin and other first line medication. DPP-IV
inhibitors also have been authorized for utiliza-
tionin those patients with intolerance or contra-
indication to metformin or sulfonylurea, as well
as diabetic patients with chronic renal insuffi-
ciency [8].

Several DPP-IV inhibitors, including sitagliptin,
saxagliptin, vildagliptin, gemigliptin, linagliptin,
and alogliptin, have been developed and com-
monly used in clinical settings. The pharmaco-
Kinetic and pharmacodynamic differences pre-
sent in different types of DPP-IV inhibitors influ-
ence the clinical efficacy and safety in patients
with T2DM [9-12]. New types of DPP-IV inhibi-
tors are being developed continuously. At the
same time, it often interested healthcare pro-
viders as to which agent has better efficacy and
safety. Review of clinical trials, especially ran-
domized controlled trials (RCTs), might be the
answer. However, very few clinical trials have
been conducted to show comparison of the effi-
cacy and safety of different DPP-IV inhibitors.
Current evidence which had been published
compared sitagliptin with three other different
DPP-1V inhibitors. Due to limited available data,
it was unclear whether sitagliptin had better
glycemic control, and fewer side effects than
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other. To evaluate the efficacy and safety, we
conducted a systematic review with meta-anal-
ysis to compare sitagliptin with three other
DPP-1V inhibitors that can provide a reference
for clinical choice.

Materials and methods
Search criteria

A search of the following databases: PubMed,
Embase, Cochrane library and Sinomed for
RCTs of dipeptidyl peptidase IV inhibitors in
patients with type 2 diabetes mellitus was con-
ducted. Additional trials at the clinical trial reg-
ister centers (http://www.clinicaltrials.gov) we-
re also searched. Dipeptidyl peptidase IV inhibi-
tors and RCT were used as keywords or mesh
term to search for the earliest data to 1 May
2015. References to all eligible articles and
previous related reviews were hand searched.
Clinical trials that met the following criteria: (i)
published in English, (ii) RCT design, (iii) includ-
ed patients with type 2 diabetes at least 18
years old without pregnancy, (iv) primary study
comparing at least two different DPP-IV inhibi-
tors, (v) at least 12 weeks follow-up, (vi) at least
one baseline and post-treatment of hypoglyce-
mic efficacy (including HbAlc, fasting plasma
glucose (FPG) or 2-h postprandial plasma glu-
cose (P2hQ)) and/or safety outcome were
considered.
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Study selection and data extraction

Two reviewers screened the abstracts and
extracted data from included studies using
data extraction sheet, independently. They
screened the paper in duplicate and discussed
among themselves to resolve any disagree-
ments. The third reviewer would decide if an
agreement could not be reached. Information
extracted included: (i) general characteristics
of studies (including first authors’ name, year of
publication, and sample size in each group) and
the inclusion criteria, (ii) type of intervention
(including type, dosage and duration), (iii) type
of outcome and measurement.

Statistical analysis

The primary endpoint was the change of HbAlc,
FPG and P2hG from baseline. The side effects
of different drugs were also analyzed. The
meta-analysis with the fixed effects model was
performed by computing the mean difference
(MD) or standard mean difference (SMD) and
95% CI for outcomes of continuous variables.
Odds ratio (OR) and 95% CI were used for
dichotomous variables. The statistical analysis
method used in the current study for each anal-
ysis was Mantel-Haenszel method. I? was calcu-
lated as an index of heterogeneity between
studies. The degree of heterogeneity was divid-
ed by the | evel of I? as following: 0-25%, no het-
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Table 1. Characteristics of randomized controlled trials included in the meta-analysis

Intervention Ngmber of Avgrage duration  Average age Women (%) Baseline Follow-up
Author, year participants (n) of diabetes (years) (year) HbAlc (%) (weeks)
Drug A Drug B DrugA DrugB DrugA DrugB DrugA DrugB DrugA DrugB DrugA DrugB
Scheen et al.,, 2010  Sitagliptin 100 mg qd  Saxagliptin 5 mg qd 398 403 6.3 6.3 58.1 58.8 49.2 52.9 7.7 7.7 18
Lietal., 2014 [1] Sitagliptin 100 mg qd  Saxagliptin 5 mg qd 34 71 - - 48.6 46.5 46 41 8.54 8.86 24
Li etal., 2014 [2] Sitagliptin 100 mg qd Vildagliptin 50 mg bid 34 69 - - 48.6 44.8 46 41 8.54 8.75 24
Rizzo et al., 2012 Sitagliptin 100 mg qd  Vildagliptin 50 mg bid 45 45 8.6 8.9 60 60 55.6 48.9 8.5 8.2 12
Rhee et al., 2013 [1] Sitagliptin 100 mg qd Gemigliptin 25 mg bid 71 141 6.4 6.33 52.94 51.88 46.62 50 8.05 8.07 24
Rhee et al., 2013 [2] Sitagliptin 100 mg qd Gemigliptin 50 mg qd 71 142 6.4 6.14 52.94 53.99 46.62 40 8.05 793 24
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seven pairs of comparisons
were included [15-18]. Among
these, only one showed the
comparison of saxagliptin wi-
th vildagliptin by Li et al. [18],
and finally there were six com-
parisons that sitagliptin com-
pared with three other differ-
ent DPP-IV inhibitors (inclu-
ding saxagliptin, vildagliptin,
and gemigliptin) included in
this meta-analysis.

"D Patients in these trials were

05

R -05 0 0.5

—} required to have been treated

Subgroups
|6 sitagliptin vs. saxagliptin <> sitagliptin vs. vildagliptin

with metformin or metformin

O sitagliptin vs. gemigliptin

Figure 2. Funnel plots of the primary outcome.

erogeneity; 25-50%, moderate heterogeneity;
50-75%, large heterogeneity; 75-100%, extre-
me heterogeneity [13]. Subgroup analysis sh-
ould be performed to find out the source of het-
erogeneity if 1> were higher than 50%. If no het-
erogeneity exists, the fixed effects model was
performed. Otherwise, the random-effects mo-
del was used.

Quality assessment and publication bias

Quality and bias risk were assessed via pre-
defined categories: randomization, conceal-
ment of allocation, blind methods (participants
and personnel, and outcome assessment), and
extent of loss to follow-up. Two reviewers deter-
mined these items, independently. Funnel plots
of the primary outcome by visual inspection
was used to assess the potential publication
bias [14]. This analysis was performed by using
Review Manager 5.2 (Cochrane Collaboration,
United Kingdom).

Results
Search results and study characteristics

The literature search found 2513 relevant arti-
cles and 2244 articles remained after duplica-
tion. Out of these, 203 were selected for full-
text review. Finally, four articles met the inclu-
sion criteria, and no additional article was iden-
tified from the clinical trial register centers or
by any other search. The search progress was
summarized in Figure 1. Four articles including
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plus another traditional oral
hypoglycemic agents and be
on a stable dose for at least
8 or 12 weeks. Similar mean
age, the average duration of diabetes, sexual
ratio and baseline HbAlc were provided in the
six comparative groups (n=1524). Four DPP-IV
inhibitors with recommended doses were app-
lied (sitagliptin 200 mg qd, saxagliptin 5 mg qd,
vildagliptin 50 mg bid, gemigliptin 25 mg bid or
50 mg qd) to compare the hypoglycemic effica-
cy and safety. The general characteristics of
the six trials are summarized in Table 1.

Methodological quality

All of the four trials were randomized trials,
however they were not detailed. None of these
trials revealed the details of allocation conceal-
ment. Two of them were double-blinded trials
[15, 16]. The withdrawal rates were less than
15% and were not significantly different be-
tween these comparative groups. The most
common reasons for withdrawal were the loss
of follow-up or side effects. Funnel plots of the
primary outcome was showed in Figure 2.
Shortly, the methodological quality of these
studies in this meta-analysis was not good
enough.

Efficacy

HbA1c: Neither statistical nor clinical differ-
ence were found in sitagliptin compared with
other three DPP-IV inhibitors when pooled data
from all six comparisons (MD, -0.09, 95% Cl,
-0.17 to -0.00). The heterogeneity among all
comparisons was not significant (I>=0). That
meant hypoglycemic efficacy of sitagliptin was

Int J Clin Exp Med 2016;9(6):11202-11210
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sitagliptin other DPP-IV inhibitor

Study or Subgrou Mean SD Total Mean SD __ Total Weight

1.1.1 sitagliptin vs. saxagliptin

Lietal, 2014 (1) 107 153 30 121 285 66
Scheen etal, 2010 062 07 343 -052 0N
Subtotal (95% CI) 373

Heterogeneity: Chi*=0.28, df=1 (P = 0.60), F=0%

Testfor overall effect: Z=1.79 (P =0.07)

1.1.2 sitagliptin vs. vildagliptin

Lietal, 2014 (2) 107 155 3 134 274 63
Rizoetal, 2012 12 072 45 -1 0.42 45
Subtotal (95% Cl) 76 108
Heterogeneity. Chi*=1.04, df=1 (P=0.31), F= 4%

Test for overall effect: Z=1.39 (P=0.17)

1.1.3 sitagliptin vs. gemigliptin

Rhee etal., 2013(1) -08 085 66 -0.81 0.85 136
Rhee etal,, 2013(2) -08 085 67 -0.77 0.8 135
Subtotal (95% ClI) 133 21
Heterogeneity: Chi*=0.05, df=1 (P=0.82), F=0%

Testfor overall effect: Z=0.12 (P=0.91)

Total (95% CI) 582
Heterogeneity; Chi*= 2.58, df= 5 (P=0.77), F=0%
Test for overall effect: Z=1.99 (P = 0.05)

Test for subaroun differences: Chi*=1.20. df= 2 (P = 0.55). F= 0%

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI
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Figure 3. Change of HbAlc from baseline between sitagliptin and other DPP-IV inhibitors.

not better than the other three DPP-IV inhibi-
tors in total. Further subgroup analyzes was
conducted to compare sitagliptin with the other
three DPP-IV inhibitors separately. No heteroge-
neity existed, and neither statistical nor clinical
differences were found (Figure 3).

FPG and P2hG: All six comparisons reported
FPG as a result in primary articles, and five had
a result of P2hG. To summarize the data of FPG
from all six studies with the fixed effects model
showed a significant heterogeneity (I>=61%).
Therefore, the random effects model was con-
ducted, and there was no statistical difference
found in all six comparisons (SMD, -0.01, 95%
Cl, -0.21 to 0.19). Subgroup analysis by differ-
ence comparisons with sitagliptin was also con-
ducted. It was found that either there was large
heterogeneity (1% vs. saxagliptin, 79%; vs. gemi-
gliptin, 83%) or no statistic difference at all
when compared with gemigliptin (SMD, -0.09,
95% Cl, -0.30 to 0.12). Same results of P2hG
pooled with five comparisons were found but
no significant difference was found. That mea-
nt both the declination of FPG and P2hG in
patients treated with sitagliptin was not better
than the other three drugs.
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Safety

All the four articles reported side effects and
the incidence of total side effects were not sta-
tistically different in total (OR, 0.98, 95% ClI,
0.79 to 1.22) and each comparisons (sitagliptin
vs. saxagliptin: OR, 1.01, 95% CI, 0.78 to 1.32;
sitagliptin vs. vildagliptin: OR, 1.70, 95% ClI,
0.72 to 3.99; sitagliptin vs. gemigliptin: OR
0.80, 95% CI, 0.53 to 1.20). That meant sita-
gliptin did not significantly increase the total
side effects than other DPP-IV inhibitors.
Subgroup analysis was conducted by different
types of side effects, and the results were
showed in Table 2. Headache, back pain, infec-
tion and gastrointestinal side effects were not
associated with different DPP-IV inhibitors and
no statistical differences existed. Hypoglycemia
was the most common side effect that occurred
in diabetic patients when hypoglycemic drug
was used, however, there were no significant
differences between sitagliptin and other DPP-
IV inhibitors. Two studies reported the side
effect of arthralgia [15, 16]. It was found that
the incidence of arthralgia was higher in sita-
gliptin than saxagliptin (OR, 5.17, 95% CI, 1.13
to 23.74). Due to the limit sample size and
study duration, future studies should pay more

Int J Clin Exp Med 2016;9(6):11202-11210
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Table 2. Pooled data of side effects between sitagliptin and other DPP-IV inhibitors

. Fixed effects model Heterogeneity
Side effects
OR [95% Cl] P 12 (%) P

Ache

Headache 0.89 [0.38, 2.08] 0.79 0 0.56

Back pain 0.931[0.41, 2.09] 0.85 17 0.30

Arthralgia 3.38[1.24,9.19] 0.02 0 0.67
Infection

Respiratory tract infection 0.87 [0.61, 1.23] 0.42 27 0.24

Urinary tract infection 0.92[0.50, 1.69] 0.79 Not applicable Not applicable
Hypoglycemia 0.92[0.47, 1.82] 0.82 0 0.84
Gastrointestinal side effects 1.04 [0.67, 1.62] 0.85 0 0.58

attention to the side effect of arthralgia when
DPP-1V inhibitor was used.

Discussion

The pooled data of the limited number of stud-
ies comparing directly different DPP-IV inhibi-
tors did not define a superiority of one agent
over the others. However, this meta-analysis
indicated that all the four agents had hypogly-
cemic efficacy while sitagliptin was not superior
to other three. So, the recommended choice of
a DPP-IV inhibitor for patients with T2DM may
be to focus on pharmacokinetic and pharmaco-
dynamic differences, side effects, as well as
drug cost and cost-effectiveness.

GLP-1 is one of the major incretins that can pro-
mote insulin secretion from B cell, and simulta-
neously inhibit the secretion of glucagon from o
cell. Nevertheless, it is rapidly degraded and
inactivated by DPP-IV. The inhibition of DPP-IV
inhibitors can prevent the degradation of GLP-1
from DPP-IV, and, therefore, improve glycemic
control. More and more different DPP-IV inhibi-
tors have been developed and used. Sitagliptin,
the first DPP-IV inhibitor approved by Food and
Drug Administration (FDA) in the United States,
has been suggested to be added to other tradi-
tional hypoglycemic agents [19]. One year later,
another new DPP-1V inhibitor, vildagliptin, was
approved by the European Union. As time goes
on, more and more different DPP-IV inhibito-
rs including saxagliptin, gemigliptin, linagliptin
and so on, are developed and prescribed in
clinical settings. Nowadays, gemigliptin is still
not listed in China, and other three DPP-IV
inhibitors have been used in clinical practise in
recent years.

11207

The half-life (T1/2) varies between DPP-IV
inhibitors: 2-3 h for vildagliptin, 2.2-3.8 h for
saxagliptin, 8-14 h for sitagliptin and 17-21 h
for gemigliptin [20, 21]. The oral bioavailability
and half maximal inhibitory concentration
(IC50) in vitro are different as well. Sitagliptin,
vildagliptin, and saxagliptin are all mainly ex-
creted by the kidney [20]. DPP-IV inhibitors are
divided into peptidomimetics and non-peptido-
mimetics due to their different chemical struc-
tures [22]. CYP enzyme is associated with the
metabolism of DPP-IV inhibitors. Among th-
ese, saxagliptin is primarily metabolized by
CYP3A4/5, and its metabolic product still
has activity. Sitagliptin associated both with
CYP3A4 and CYP2C8, gemigliptin associated
with CYP3A4, but only 1% vildagliptin is associ-
ated with enzyme of CYP [23].

These pharmacokinetic and pharmacodynamic
differences partly explain the different dose
frequency and a daily therapeutic dose of DPP-
IV inhibitors. Except that vildagliptin should be
given twice daily with the dose of 100 mg per
day, sitagliptin (100 mg/day) and saxagliptin (5
mg/day) were all recommended to be given
once daily. Gemigliptin is not on the list in China
now, the recommended dose frequency and
daily dose for Chinese patients with T2DM are
still unknown. A dose of 50 mg/day gemigliptin
is recommended for glycemic control in patients
with diabetes in Korea. The results of the clini-
cal trial from Rhee EJ et al. [16] found that the
glycemic efficacy (including HbAlc, FPG, and
P2hG) of twice daily was better than once daily.
However, currently available data in this meta-
analysis did not find a statistical difference in
glycemic control when comparing sitagliptin
with other three DPP-IV inhibitors directly.

Int J Clin Exp Med 2016;9(6):11202-11210
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Due to the similar glycemic efficacy, side effects
can be considered for clinical choice as well.
Even though, this meta-analysis showed that
no statistical difference was found when com-
paring the total side effects and hypoglycemia.
However other side effects including headache,
back pain, infection and gastrointestinal side
effects were not different as well. Moreover,
there still existed the side effect of arthralgia
when sitagliptin, saxagliptin and gemigliptin
were used, and the incidence of arthralgia was
higher in the group of sitagliptin than saxag-
liptin.

Although arthralgia is not a serious detrimental
condition, it may impair the treatment adher-
ence in patients with T2DM. Tarapués M et al.
[24] reviewed the Spanish Pharmacovigilance
System (SPvS) database from March 2007 to
May 2012 and reported 332 suspected cases
(208 for sitagliptin, 115 for vildagliptin, and
nine for saxagliptin) might be associated with
this side effect. Chaicha-Brom T et al. [25] also
showed a case-report of DPP-IV inhibitors-
associated arthralgias and found the direct
association of DPP-IV inhibitors (sitagliptin and
saxagliptin) and arthralgia’s.

The arthralgia side effect of the DPP-IV inhibi-
tors is poorly understood, and no exact mecha-
nism has been reported. The potential mecha-
nism could be explained by the increasing lev-
els of P substance that is associated with pain,
thus decreasing the pain threshold. The slightly
increasing level of endomorphin-2 which relat-
ed to pain sensitivity might be another reason
[26]. Other studies found the reduction amount
of CD26 (a glycoprotein related to the activity of
DPP-IV enzyme) in arthritis and osteoarthritis
[27, 28]. The results from Tarapués M et al. [24]
also found the potential interaction of statins
and DPP-IV inhibitors. Patients on both statins
and DPP-IV inhibitors showed a shorter incuba-
tion period than patients with DPP-IV inhibitors
monotherapy. This might be associated with
the myalgia of statins and need further
research. In conclusion, the modification of
pain susceptibility, autoimmune disorder and
the interaction between different drugs might
be the potential mechanism. However, the rea-
son the incidence of arthralgia was higher in
patients treated with sitagliptin than saxagli-
ptin is still unknown and needs further inves-
tigation.

In addition to the efficacy and safety of DPP-IV
inhibitors, drug cost and cost-effective were
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also considered both for healthcare providers
and patients. Teramachi H et al. [29] conducted
a comparative survey of the cost of DPP-IV
inhibitors (sitagliptin, vildagliptin, and alogliptin)
and found that vildagliptin provides a superior
cost-benefit by cost-effectiveness analysis. The
recommended daily dose of different DPP-IV
inhibitors was not the same, as well as the cost
of these drugs. We searched the price of these
agents on the Drug Centralized Procurement
Network of Shandong Province (http://www.
sdyypt.net/Website/). According to the recom-
mended daily dose and suggested price, it was
found that sitagliptin had the least daily cost
while vildagliptin has the most costly. However,
the largest difference of daily cost between
these agents was less than 1.5 yuan, about
500 yuan per year. Nowadays, there are limited
studies comparing both the hypoglycemic effi-
cacy and cost-effectiveness of different DPP-IV
inhibitors. More studies should be considered
to conduct which might provide a guideline
both for healthcare providers and patients.

This meta-analysis had its share of limitations.
The methodological quality of each study in this
meta-analysis was not good enough. Due to the
limited number of RCTs, subgroup analysis for
each comparison was not performed. Although
all the enrolled patients were inadequately con-
trolled patients with T2DM, the eligibility re-
quirements of HbA1c, the additional treatment,
except for DPP-IV inhibitors, and treatment
duration were not the same. Furthermore, drug
cost and cost-effective were not considered to
compare. So, more head-to-head comparisons
with larger sample sizes, higher quality, and
strictly RCT design should be conducted in the
future.

To summarize, it was concluded that sitagliptin
was not superior to other three DPP-IV inhibi-
tors, albeit all the four agents of DPP-IV inhibi-
tors had good efficacy and safety. However, the
risk of arthralgia should be given more atten-
tion when DPP-IV inhibitors were used in clini-
cal settings. According to these findings, the
treatment adherence and treatment cost may
be considered first most by healthcare pro-
viders.
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