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ABSTRACT
Aims/Introduction: The combination of dipeptidyl peptidase-4 (DPP4) inhibitors and
a-glucosidase inhibitors (AGIs) might provide an additive or synergistic glucose-lowering
effect, as they have a complementary mode of action. In the present study, we examined
the efficacy and safety of the addition of a DPP4 inhibitor to patients with type 2 diabetes
inadequately controlled with an AGI.
Materials and Methods: We carried out an electronic search of MEDLINE, EMBASE,
the Cochrane Library and Clinicaltrials.gov through October 2016. Randomized controlled
trials written in English that compared DPP4 inhibitors plus AGI (DPP4i/AGI) and placebo
plus AGI (PCB/AGI) in patients with type 2 diabetes were selected. Data on the study char-
acteristics, efficacy and safety outcomes were extracted, and the risk of potential biases
was assessed. The efficacy and safety of DPP4i/AGI and PCB/AGI were compared.
Results: Of 756 potentially relevant published articles and 40 registered trials, five studies
including 845 patients randomized to DPP4i/AGI and 832 patients randomized to PCB/AGI
were included for meta-analysis. Compared with PCB/AGI, DPP4i/AGI showed a greater
reduction in glycated hemoglobin (weighted mean difference -1.2%, 95% confidence
interval -1.6 to -0.8), fasting plasma glucose and 2-h postprandial plasma glucose levels,
with no increase in bodyweight. The risks of hypoglycemia and gastrointestinal adverse
events were similar between DPP4i/AGI and PCB/AGI.
Conclusions: The addition of a DPP4 inhibitor to patients with type 2 diabetes inade-
quately controlled with an AGI achieved better glycemic control without further increasing
the risk of weight gain and hypoglycemia.

INTRODUCTION
Recent research findings over the past two decades have chal-
lenged the traditional ‘insulinocentric’ understanding of the
pathophysiology of type 2 diabetes mellitus as characterized by
impaired insulin secretion and action. Presently, the pathophys-
iology of type 2 diabetes mellitus is recognized as a more

complex one, encompassing defective b-cell responses to incre-
tin hormones, increased glucagon secretion from a-cells,
increased lipolysis and dysregulated adipokine secretion,
increased renal glucose reabsorption, and insulin resistance in
the brain1. Fortunately, various pharmacological treatments are
available that enable the customization of antidiabetes treatment
for an individual patient.
Dipeptidyl peptidase-4 (DPP4) inhibitors enhance the

plasma concentration of active glucagon-like peptide-1Received 21 June 2017; revised 28 August 2017; accepted 20 September 2017
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(GLP-1) and glucose-dependent insulinotropic polypeptide
(GIP), which leads to the net result of increased insulin secre-
tion and decreased glucagon secretion2–5. However, DPP4
inhibitors alone cannot achieve a plasma concentration of
GLP-1 that is enough to decelerate gastric emptying or
decrease appetite. Furthermore, DPP4 inhibitors decrease total
GLP-1 secretion6,7, which could be a result of feedback inhibi-
tion by increased active GLP-1 concentrations. In this regard,
incretin secretagogues might be useful to further increase the
therapeutic efficacy of DPP4 inhibitors. The a-glucosidase
inhibitors (AGIs), acarbose, miglitol and voglibose, delay car-
bohydrate absorption from the small intestine by inhibiting
the hydrolysis of oligosaccharides and disaccharides into
monosaccharides8. As such, AGIs are used to reduce post-
prandial glucose (PPG) levels in patients with type 2 diabetes
mellitus8. Interestingly, AGIs decrease carbohydrate absorption
in the proximal gut and result in the delivery of a relatively
large amount of undigested carbohydrate to the distal gut;
thus, AGIs might result in decreased GIP secretion from the
K-cells and increased GLP-1 secretion from the L-cells9,10.
Indeed, in non-diabetic healthy individuals, acarbose increased
GLP-1 secretion when given with sucrose11 and voglibose
increased GLP-1 secretion when given with a standardized
meal12. In patients with type 2 diabetes mellitus, simultaneous
administration of acarbose and sucrose resulted in increased
GLP-1 release13, and a 2-day administration of miglitol
increased GLP-1 secretion and decreased GIP secretion after a
meal9. In addition, a 24-week acarbose treatment in patients
with newly diagnosed type 2 diabetes mellitus increased post-
prandial GLP-1 levels14. However, in another study15, inges-
tion of acarbose with a mixed test meal failed to enhance
GLP-1 release in patients with type 2 diabetes mellitus. Fur-
thermore, in elderly type 2 diabetes patients treated with acar-
bose, just 20% of the patients showed increased GLP-1
secretion, and no significant correlations between serum GLP-
1 levels and serum glucose or insulin levels were observed16.
Intriguingly, miglitol, but not acarbose, increased active post-
prandial GLP-1 levels in individuals with visceral obesity (50%
of the participants had impaired glucose tolerance or dia-
betes)17. These inconsistent results might be explained by the
different clinical characteristics of the study participants and
varying pharmacokinetics of drugs. Despite the controversy
over incretin hormone secretion with AGI, the combination
of these two drugs might provide an additive (or perhaps syn-
ergistic) effect on glucose control with complementary mecha-
nism of action in patients with type 2 diabetes mellitus. In an
animal study with prediabetic db/db mice, combined treatment
with voglibose and a DPP4 inhibitor (alogliptin) prevented
the development of diabetes and preserved the pancreatic b-
cell mass, which was accompanied by synergistically increased
active GLP-1 levels18. In the present systematic review and
meta-analysis, we examined the efficacy and safety of the
combination of DPP4 inhibitor and AGI in patients with
inadequately controlled type 2 diabetes mellitus.

METHODS
We carried out a systematic review and meta-analysis following
the predeveloped protocol by authors that defined study eligibil-
ity, data sources, search terms, outcome variables, and data
extraction and analysis strategy (Appendix S1). The study was
reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA statement)19.

Eligibility Criteria
Randomized controlled trials that compared the addition of
DPP4 inhibitor to AGI (DPP4i/AGI) and the addition of a pla-
cebo to AGI (PCB/AGI) in patients with type 2 diabetes melli-
tus were regarded as eligible for inclusion. Among the initially
retrieved studies, we included only studies written in English
with treatment durations of at least 12 weeks that contained
information of glycated hemoglobin (HbA1c) changes from
baseline. Concurrent use of other antihyperglycemic agents was
allowed. Studies that were duplicates or extensions of another
study were excluded. Two independent authors (SHM
and J-HY) thoroughly evaluated the study titles, abstracts and
full texts to assess the eligibility of the studies, and any
disagreements were resolved by a third investigator (YMC).

Data Sources and Search Strategies
We systematically searched to identify potentially relevant trials
from inception to November 2016 from the following electronic
bibliographic databases: MEDLINE, EMBASE and Cochrane
Central Register of Controlled Trials (CENTRAL). To identify
unpublished studies, we also searched for trials registered in
ClinicalTrials.gov. The keywords of search terms were as fol-
lows: ‘DPP4 inhibitor,’ ‘vildagliptin,’ ‘sitagliptin,’ ‘linagliptin,’
‘alogliptin,’ ‘saxagliptin,’ ‘gemigliptin,’ ‘dutogliptin,’ ‘gosogliptin,’
‘anagliptin,’ ‘tenegliptin,’ ‘evogliptin,’ ‘omarigliptin,’ ‘trelagliptin,’
‘alpha-glucosidase inhibitor,’ ‘acarbose,’ ‘miglitol’ and ‘voglibose.’
The detailed search terms used in this study are provided in
Appendix S1.

Data Extraction
Data were independently extracted by two authors (SHM and
J-HY) from the selected eligible studies according to the proto-
col. Any discrepancies were subsequently referred to the third
author (YMC) and resolved through discussion. The primary
efficacy outcome was the change in HbA1c levels from baseline,
and the secondary efficacy outcomes were the change from
baseline in fasting plasma glucose (FPG) levels, 2-h PPG levels
and bodyweight. The safety outcomes were the risk of hypo-
glycemia and gastrointestinal (GI) adverse events. The following
information was additionally extracted from each study: name
of first author; publication year; drug name and doses of AGI
and DPP4 inhibitor; duration of treatment; concomitant oral
antidiabetic agents; number of patients initially randomized;
and baseline characteristics, such as mean age, percentage of
men, duration of diabetes, body mass index and the HbA1c
level at baseline.
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For continuous outcome data, we extracted mean differences
between the DPP4i/AGI and PCB/AGI groups, and their stan-
dard errors from the articles as the summary measures. Least
squares mean differences from analysis of covariance adjusted
for covariates between groups were used if they were available.
In some studies, simple arithmetic mean differences between
baseline and final measurements were calculated for summary
statistics where no adjustments were applied. For studies that
did not reported standard deviations for the changes in means,
we imputed missing standard deviations using correlation coef-
ficients between baseline and post-treatment measurements cal-
culated from other included studies that reported standard
deviations for changes and for baseline and post-treatment
measurements20. The following formula was used for calculat-
ing the correlation coefficients: r = (SD [B]2 + SD [F]2 – SD
[C]2) / (2 9 SD [B] 9 SD [F]), where r is the correlation coef-
ficient, SD is the standard deviation, B is the baseline measure-
ment, F is the final measurement and C is the change in mean

measurement. For dichotomous outcomes, the number of
patients reporting adverse events per randomized patient in
each group was extracted.

Assessment of the Study Quality and Risk of Bias
Two independent reviewers (SHM and J-HY) evaluated the
quality and risk of bias in each collected study according to the
Cochrane Collaboration’s tool, and any differences were
resolved by mutual agreement. We considered six aspects of
risk of bias: randomization implementation, proper allocation
concealment, double blinding of participants and personnel,
missing or incomplete data, selective outcome reporting, and
other bias.

Statistical Analysis
For continuous variables, such as the change from baseline in
HbA1c, FPG, 2-h PPG levels and bodyweight, weighted mean
difference (WMD) with 95% confidence intervals (CIs) between

756 studies identified

91 from Cochrane

32 duplicates excluded

724 abstracts reviewed

2 no placebo group

5 studies included

5 studies included in final analysis

0 unpublished clinical trials included

40 excluded

40 registered RCTs from Clincal Trials.gov

3 duplicates of published articles

25 no study results
2 extended study
10 not comparable

2 not comparable
4 excluded

9 full- text articles read

715 excluded based on
abstracts

535 from Embase
130 from Medline

Figure 1 | Study selection process. RCT, randomized controlled trial.
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treatment groups were calculated. For the analysis of dichoto-
mous outcomes, such as the risk of hypoglycemia, relative risks
(RR) and their corresponding 95% CIs were calculated. The
random effects model of meta-analysis was used to calculate
pooled WMDs or RRs, 95% CIs and P-values, with P < 0.05
considered statistically significant. We also calculated the I2

statistic, which is an indicator of heterogeneity across the
included studies in percentages. The presence of publication
bias for the primary outcome was investigated graphically using
a funnel plot along with Egger’s test for funnel plot asymmetry.
We used the Stata statistical package for all analyses (version
12; StataCorp, College Station, Texas, USA).

RESULTS
Search Results and Study Characteristics
We retrieved 756 potentially relevant studies by searching
MEDLINE, EMBASE and CENTRAL, of which five articles
were included for the meta-analysis. From the 40 clinical trials
identified from ClinicalTrials.gov (www.clinicaltrials.gov,
accessed 10 November 2016), no clinical trial was included in
the analysis. Therefore, five studies with a total of 1,799 study
participants (845 randomized to treatment group and 832 ran-
domized to control group) and a mean trial duration of
14 weeks were included in the present study21–25. The process
of study selection is outlined in Figure 1, and the characteristics
of included studies are summarized in Table 1.

Quality of Included Studies and Publication Bias Assessment
Just two studies stated the process of random sequence genera-
tion21,23, and three studies described the method of allocation
concealment21,24,25. Four out of five randomized controlled tri-
als adequately described double-blinding for the participants
and the personnel, and were thus considered as low risk21,23–25.
Three studies addressed details of incomplete outcome data
and others did not21,23,25. All five studies were considered to be
free of selective outcome reporting or other biases. The risk of
bias assessment is summarized in Figure S1.

Efficacy Outcomes
All five studies reported the changes in HbA1c levels from
baseline. In pooled analysis of all included studies, DPP4i/AGI
showed greater HbA1c level reduction than PCB/AGI (WMD
-1.2%, 95% CI: -1.6 to -0.8%; Figure 2). The test for hetero-
geneity showed the possibility of significant heterogeneity across
the included studies (I2 = 95.7%, P < 0.001). When we assessed
the potential risk of publication bias by funnel plot and Egger’s
regression test, a small study effect was not apparent (Figure S2),
but this does not clearly show the absence of publication
bias because of the small number of studies and the large
heterogeneity.
The change in FPG levels was assessed in all included studies

(Figure 3a). The DPP4i/AGI group showed greater reduction in
FPG levels than the PCB/AGI group in the pooled analysis
(WMD -26.8 mg/dL, 95% CI: -39.9 to -13.8 mg/dL). The testTa

bl
e
1
|C

ha
ra
ct
er
ist
ic
s
of

th
e
st
ud

ie
s
in
cl
ud

ed
in

th
e
m
et
a-
an
al
ys
is

St
ud

y
so
ur
ce

St
ud

y
du

ra
tio
n

(w
ee
ks
)

St
ud

y
ar
m
s

Ra
nd

om
ize

d
pa
rti
ci
pa
nt
s

(n
)

M
ea
n

ag
e
(y
ea
rs
)

M
en

(%
)

Fa
st
in
g
pl
as
m
a

gl
uc
os
e
(m

g/
dL
)

Ba
se
lin
e

BM
I(
kg
/m

2 )
Ba
se
lin
e

H
bA

1c
(%
)

M
ea
n
du

ra
tio
n

of
di
ab
et
es

(y
ea
rs
)

Se
in
o
et

al
.(
20
11
)2
1

12
Al
og

lip
tin

25
m
g
+
vo
gl
ib
os
e
0.
2
m
g
t.i
.d
.

79
62
.9

63
.3

N
R

23
.3

7.
9

8.
44

Pl
ac
eb
o
+
vo
gl
ib
os
e
0.
2
m
g
t.i
.d
.

75
62
.3

64
.0

N
R

24
.4

8.
1

7.
52

Su
et

al
.(
20
14
)2
2

12
Vi
ld
ag
lip
tin

50
m
g
bi
d
+
AG

I+
m
et
fo
rm

in
26
0

48
.6
5

N
R

16
7.
9

N
R

9.
0

N
R

Pl
ac
eb
o
+
AG

I+
m
et
fo
rm

in
26
0

49
.6
7

N
R

15
9.
6

N
R

8.
7

N
R

Ta
jim

a
et

al
.(
20
13
)2
3

12
Si
ta
gl
ip
tin

50
m
g
+
vo
gl
ib
os
e
0.
2–
0.
3
m
g
t.i
.d
.

70
62
.3

60
.0

15
2.
7

23
.9

7.
9

8.
2

Pl
ac
eb
o
+
vo
gl
ib
os
e
0.
2–
0.
3
m
g
t.i
.d
.

63
58
.6

71
.4

15
1.
5

24
.3

7.
9

6.
1

W
an
g
et

al
.(
20
15
)2
4

12
Vi
ld
ag
lip
tin

50
m
g
bi
d
+
ac
ar
bo

se
+
m
et
fo
rm

in
24
5

46
.6
1

57
.9

16
0.
4

24
.1

8.
9

8.
09

Pl
ac
eb
o
+
ac
ar
bo

se
+
m
et
fo
rm

in
24
5

45
.6
7

54
.6

16
8.
7

24
.3

8.
6

8.
17

W
an
g
et

al
.(
20
17
)2
5

24
Si
ta
gl
ip
tin

10
0
m
g
q.
d.
+
ac
ar
bo

se
50

or
10
0
m
g
t.i
.d
.

19
1

56
.5

50
.8

17
8.
4

25
.9

8.
1

7.
4

Pl
ac
eb
o
+
ac
ar
bo

se
50

or
10
0
m
g
t.i
.d
.

18
9

57
.8

51
.3

17
6.
6

26
.0

8.
1

8.
2

BM
I,
bo

dy
m
as
s
in
de
x;
H
bA

1c
,g
ly
ca
te
d
he
m
og

lo
bi
n;
N
R,
no

t
re
co
rd
ed
.

896 J Diabetes Investig Vol. 9 No. 4 July 2018 ª 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Min et al. http://onlinelibrary.wiley.com/journal/jdi



for heterogeneity showed the result to be heterogeneous across
the studies (I2 = 95.1%, P < 0.001).
Four out of five studies reported changes in 2-h PPG levels

from baseline (Figure 3b).21–24 The reduction in 2-h PPG levels
was greater in the DPP4i/AGI group than in the PCB/AGI
group (WMD -34.5 mg/dL, 95% CI: -52.9 to -16.1 mg/dL). I2

was significant and showed that a large proportion of hetero-
geneity was present among the trials (I2 = 96.3%, P < 0.001).
Four studies reported the results of bodyweight change (Fig-

ure 3c).21,22,24,25 The DPP4i/AGI group did not show any sig-
nificant increase or decrease in bodyweight compared with the
PCB/AGI group in the pooled analysis (WMD 0.1 kg, 95% CI:
-0.3 to -0.4 kg). The I2 test showed no significant heterogene-
ity between the study outcomes (P = 0.440).

Safety Outcomes
Four out of five studies were included for the meta-analysis for
the risk of hypoglycemia (Figure 4a).21,23–25 Pooled analysis of
the four studies did not show a significant increase or decrease
in the risk of hypoglycemia in the DPP4i/AGI group compared
with the PCB/AGI group (RR 1.4, 95% CI: 0.4 to 4.6). The test
for heterogeneity was not significant (P = 0.891).
Three studies reported GI adverse events, which were prede-

fined as nausea, vomiting and diarrhea (Figure 4b).23–25 The
risk for GI adverse events was not significant between the
DPP4i/AGI group and the PCB/AGI group (RR 1.2, 95% CI:
0.3 to 4.4). There was no significant heterogeneity (P = 0.659).

DISCUSSION
Addition of a DPP4 inhibitor resulted in significant reductions
in HbA1c levels relative to the placebo in patients with type 2

diabetes mellitus who received an AGI therapy. However, sub-
stantial heterogeneity (I2 = 95.7%) was found in the magnitude
of HbA1c level reduction, which might be due to different
baseline HbA1c levels because the glucose-lowering efficacy of
an antidiabetic agent depends on baseline HbA1c levels26. As
such, HbA1c levels in the studies by Su et al.22 and Wang
et al.24, with higher baseline HbA1c levels, showed a greater
reduction than that in other studies. In addition, concurrent
use of metformin, which is known to augment GLP-1 secretion
from L-cells27, might be ascribed to the observed greater glu-
cose-lowering effect by addition of DPP4 inhibitors in these
studies22,24. It is of note that these two studies22,24 used vilda-
gliptin. It was reported that vildagliptin tightly binds to DPP4
with a very slow rate of dissociation28, although its effect on
HbA1c-lowering efficacy might be negligible29.
AGI increases GLP-1 secretion, but might decrease GIP

secretion9,10. Because DPP4 inhibitor protects GLP-1 and GIP
from enzymatic degradation, a combination of DPP4 inhibitor
and AGI might synergistically increase active GLP-1 levels, but
might be neutral for active GIP levels. Considering that insuli-
notrophic effect of GIP is reduced, but glucagonotrophic effect
is preserved in patients with type 2 diabetes mellitus30, the
opposite actions of both agents on GIP levels might not
adversely affect glycemic control.
Both FPG and 2-h PPG levels showed greater reduction in

patients treated with DPP4i/AGI than those treated with PCB/
AGI, which explains the improved HbA1c levels. Previous stud-
ies have shown that DPP4 inhibitors as monotherapy are effec-
tive in lowering both FPG and 2 h PPG, of which 2-h PPG
reduction is predominant31–33. In our current study, two studies
showed a predominant PPG-lowering effect21,23, whereas two

Author

Seino et al.

Su et al.

Tajima et al.

Wang et al.

Wang et al.

Overall (l2 = 95.7%, P = 0.000)

NOTE: Weights are from random
 effects analysis

–0.95 (–1.10, –0.80)

–1.89 (–2.12, –1.66)

–0.90 (–1.05, –0.75)

–1.70 (–2.05, –1.35)

–0.62 (–0.79, –0.45)

–1.20 (–1.61, –0.79)

Publication_Year Weighted mean difference
(95% Cl), %

Weight, %

2011

2014

2012

2015

2017

20.64

19.91

20.63

18.38

20.43

100.00

–2.12
Favors AGI plus DPP4i Favors AGI plus placebo

2.120

Figure 2 | Weighted mean difference in change in glycated hemoglobin levels from baseline. The change in glycated hemoglobin levels (%) from
baseline with dipeptidyl peptidase-4 inhibitor plus a-glucosidase inhibitor (DPP4i/AGI) vs placebo plus a-glucosidase inhibitor (PCB/AGI) analyzed
using the random effects model. The squares indicate an individual study’s effects, and the size of the squares corresponds to the study’s weight in
the meta-analysis, with the horizontal lines extending from the symbols representing 95% confidence intervals (CI). The diamonds indicate pooled
estimates.
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Author Publication_Year Weighted mean difference
(95% Cl), mg/dL

Weight, %

Author Publication_Year Weighted mean difference
(95% Cl), mg/dL

Weight, %

Author Publication_Year Weighted mean difference
(95% Cl), kg

Weight, %

Seino et al.

Su et al.

Tajima et al.

Wang et al.

Wang et al.

Overall (l2 = 95.1%, P = 0.000)

Overall (l2 = 96.3%, P = 0.000)

NOTE: Weights are from random effects analysis

NOTE: Weights are from random effects analysis

Overall (l2 = 96.3%, P = 0.440)

NOTE: Weights are from random effects analysis

2011

2014

2012

2015

Seino et al.

Su et al.

Tajima et al.

Wang et al.

2011

2014

2012

2015

2017

Seino et al.

Su et al.

Wang et al.

Wang et al.

2011

2014

2015

2017

–48.3

Favors AGI plus DPP4i Favors AGI plus placebo

Favors AGI plus DPP4i Favors AGI plus placebo

48.30

–65.5 65.50

Favors AGI plus DPP4i Favors AGI plus placebo
–4.41 4.410

–12.90 (–21.36, –4.44)

–43.96 (–48.35, –39.57)

–22.50 (–30.00, –15.00)

–39.10 (–45.23, –32.97)

–14.41 (–21.80, –7.02)

–26.83 (–39.90, –13.75)

–54.00 (–65.45, –42.55) 24.00

26.15

24.15

25.70

100.00

–12.25 (–16.14, –8.36)

–51.30 (–62.35, –40.25)

–23.06 (–29.19, –16.93)

–34.48 (–52.89, –16.07)

0.04 (–0.38, –0.46) 61.44

3.64

1.64

33.28

100.00

0.78 (–0.94, –2.50)

1.85 (–0.71, 4.41)

–0.05 (–0.62, 0.52)

–0.07 (–0.26, –0.39)

19.45

20.68

19.80

20.23

19.83

100.00

(a)

(b)

(c)
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other studies showed a predominant FPG-lowering effect22,24.
In contrast to the former two studies, the latter two studies
recruited patients with concomitant metformin therapy. How-
ever, the discrepancy might not be explained by background
metformin therapy, because, even if a DPP4 inhibitor was
added on to pre-existing metformin therapy, the PPG-lowering
effect was much greater than the FPG-lowering effect34–38.

Weight gain is one of the most unwanted side-effects when
increasing the dose or adding another class of antidiabetic
drugs in patients with inadequately controlled type 2 diabetes
mellitus. The current meta-analysis found no increase in body-
weight after the addition of a DPP4 inhibitor to an AGI. A
meta-analysis that compared acarbose and placebo in patients
with type 2 diabetes mellitus showed reduced body mass index

Figure 3 | Meta-analysis for secondary efficacy outcomes. (a) Change in fasting plasma glucose (mg/dL) from baseline with dipeptidyl peptidase-4
inhibitor plus a-glucosidase inhibitor (DPP4i/AGI) vs placebo plus a-glucosidase inhibitor (PCB/AGI) analyzed using the random effects model. (b)
Change in 2-h postprandial glucose (mg/dL) from baseline with DPP4i/AGI vs PCB/AGI analyzed using the random effects model. (c) Change in
bodyweight (kg) from baseline with DPP4i/AGI vs PCB/AGI analyzed using the random effects model. The squares indicate an individual study’s
effects, and the size of the squares corresponds to the study’s weight in the meta-analysis, with the horizontal lines extending from the symbols
representing 95% confidence intervals (CI). The diamonds indicate pooled estimates.

Author Publication_Year RR (95% CI)

2.70 (0.11, 65.21)

0.99 (0.06, 15.76)

1.32 (0.30, 5.82)

1.39 (0.41, 4.64)

2.70 (0.11, 65.21) 1/70 0/63

2/238

2/189

0/63

1/238

3/189

0/75

4/565

4/490

16.76

14.44

19.11

66.45

0.00

100.00

53.57

29.67

100.00

3/240

1/191

1/70

1/240

4/191

0/79

6/580

5/501

1.49 (0.25, 8.82)

0.49 (0.05, 5.41)

1.19 (0.32, 4.31)

(Excluded)

Weight, %Events/total
DPP4i/AGI PCB/AGI

Author Publication_Year RR (95% CI) Weight, %Events/total

DPP4i/AGI PCB/AGI

Tajima et al.

Wang et al.

Wang et al.

2012

2015

2017

Tajima et al.

Wang et al.

Wang et al.

2012

2015

2017

Seino et al. 2011

Overall (l2 = 0.0%, P = 0.891)

Overall (l2 = 0.0%, P = 0.659)

NOTE: Weights are from random effects analysis

Favors AGI plus DPP4i

0.1 0.2 0.5 1 2.5 10

0.1 0.2 0.5 1 2.5 10

Favors AGI plus placebo

NOTE: Weights are from random effects analysis

Favors AGI plus DPP4i Favors AGI plus placebo

(a)

(b)

Figure 4 | Meta-analysis for safety outcomes. (a) Relative risk of hypoglycemia with dipeptidyl peptidase-4 inhibitor plus a-glucosidase inhibitor
(DPP4i/AGI) vs placebo plus a-glucosidase inhibitor (PCB/AGI) analyzed using the random effects model. (b) Relative risk (RR) of gastrointestinal
adverse events with DPP4i/AGI vs PCB/AGI analyzed using the random effects model. The squares indicate an individual study’s effects, and the
size of the squares corresponds to the study’s weight in the meta-analysis, with the horizontal lines extending from the symbols representing 95%
confidence intervals (CI). The diamonds indicate pooled estimates.
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in favor of acarbose8. Some AGIs have been reported to reduce
appetite and change the gut hormone levels in postprandial sta-
tus9,39. DPP4 inhibitors have neutral effects on bodyweight40,41.
Whereas GLP-1 decreases bodyweight by acting on the appetite
center42, GIP can increase bodyweight by increasing adipogene-
sis based on animal experiments43,44. Given that the combina-
tion of the two agents increases active GLP-1 levels, but might
not affect active GIP levels, as discussed above, it might
decrease bodyweight or body fat mass. In a 24-week, open-
label, parallel, three-arm study on overweight Japanese patients
with type 2 diabetes mellitus, miglitol alone or miglitol/sitaglip-
tin combination, but not sitagliptin alone, reduced the total
body fat mass and miglitol/sitagliptin reduced visceral fat
mass45. Therefore, DPP4i/AGI combination therapy might be
one of the favorable therapeutic options for overweight/obese
type 2 diabetes patients.
The risk of hypoglycemia was not increased when adding

DPP4 inhibitors to AGI therapy. In general, AGI monotherapy
does not cause hypoglycemia46. However, when AGI is com-
bined with sulfonylureas or insulin, it might increase the risk of
hypoglycemia47. DPP4 inhibitors, when used alone or in com-
bination with metformin, are unlikely to cause hypoglycemia
because of the glucose-dependent mode of action with regard
to the regulation of insulin and glucagon secretion48. Further-
more, DPP4 inhibitors improve a-cell sensitivity to glucose,
with a consequent stimulation of a-cell under low glucose
levels49,50. Therefore, theoretically, the addition of DPP4 inhibi-
tors to AGI should not increase the risk of hypoglycemia,
which was in accordance with the present results.
Flatulence, diarrhea and abdominal pain are frequent side-

effects of AGIs, with a dose-dependent increase in incidence51.
In contrast, GI side-effects, such as nausea, vomiting and diar-
rhea, have been far less reported with DPP4 inhibitors than
with GLP-1 receptor agonists, another incretin-based therapy,
whose GI side-effects are common and sometimes result in dis-
continuation of therapy40,52. The discrepancy in the incidence
of GI side-effects between DPP4 inhibitors and GLP-1 receptor
agonists can be explained by different levels of GLP-1 receptor
agonism achieved by DPP4 inhibitors and exogenous GLP-1
receptor agonists53. In this regard, it was a concern that the
combination of AGI and DPP4 inhibitor might increase the
incidence of GI side-effects by increasing active GLP-1 levels,
but it was not the case observed in the present meta-analysis.
There were some limitations to the present study. First, the

number of included studies was small. However, because the
results among the included studies were consistent and favored
DPP4i/AGI over PCB/AGI, the conclusion of this study seems
reliable and robust enough to show the efficacy and safety of
the addition of a DPP4 inhibitor to an AGI in patients with
type 2 diabetes mellitus. Second, because we could not compare
the outcomes among DPP4 inhibitor plus AGI, placebo plus
AGI, placebo plus DPP4 inhibitor and placebo alone in patients
with type 2 diabetes mellitus who were na€ıve to DPP4
inhibitors or AGIs, we could not determine whether the

glucose-lowering effect of the combination of DPP4 inhibitor
and AGI is additive or synergistic. However, considering that
DPP4i/AGI did not result in weight loss or GI side-effects more
commonly than PCB/AGI, we could infer that this combination
therapy seems far less potent in elevating plasma active GLP-1
levels than GLP-1 receptor agonist therapy. Finally, all of the
included studies were carried out in Asians, whose glucose-low-
ering responses to incretin-based therapy are known to be
greater than in other ethnic groups54–56. To generalize the pre-
sent results, clinical trials are necessary in other ethnic groups.
In conclusion, the addition of a DPP4 inhibitor to patients

with inadequately controlled type 2 diabetes mellitus with AGI
therapy achieved a clinically significant improvement in glyce-
mic control without increasing the risk of weight gain and
hypoglycemia. Therefore, this combination should be a viable
option in the pharmacological therapy for type 2 diabetes
mellitus.
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