Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Dove

ORIGINAL RESEARCH

Dipeptidyl peptidase-4 inhibitors as add-on therapy
to insulin in patients with type 2 diabetes mellitus: a
meta-analysis of randomized controlled trials

Na Wang'

Tao Yang?

Jie Li?

Xianfeng Zhang?

'Department of Endocrinology, The
Affiliated Hospital of Jining Medical
University, Jining 272000, People’s
Republic of China; ?The 4th Department
of Psychiatry, Jining Psychiatric Hospital,
Jining 272000, People’s Republic of China

Correspondence: Na Wang
Department of Endocrinology, The
Affiliated Hospital of Jining Medical
University, No. 89 Guhuai Road, Jining
272000, People’s Republic of China
Tel +86 0 537 290 3399

Fax +86 0 537 290 3399

Email wangna22838@ 126.com

This article was published in the following Dove Press journal:
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Purpose: Addition of the dipeptidyl peptidase-4 (DPP4) inhibitors to insulin in patients with
type 2 diabetes mellitus (T2DM) may achieve better glycemic control. However, results of
pilot randomized controlled trials (RCTs) are inconsistent. We aimed to perform a meta-
analysis of RCTs to evaluate efficacy and safety of DPP4 inhibitors compared with placebo/
no treatment as add-on therapy to insulin in T2DM patients.

Materials and methods: Relevant studies were identified via a search of PubMed,
Cochrane Library, and Embase databases. A fixed or random effect model was applied
according to the heterogeneity.

Results: Overall, 22 RCTs with 6,957 T2DM patients were included. Addition of DPP4
inhibitors to insulin was associated with significantly reduced HbAlc as compared with
controls (weighed mean difference [WMD]: —0.54%, p<0.001). The benefits of DPP4
inhibitors as add-on therapy on HbAlc were independent of study design, follow-up dura-
tion, categories of DPP4 inhibitors used, and using of fixed/adjustable insulin doses as
indicated by predefined subgroup analyses. Moreover, addition of DPP4 inhibitors to insulin
was associated with significantly reduced fasting blood glucose (WMD: —0.47mmol/L,
p<0.001), postprandial glucose at 2 hrs (WMD: —2.03 mmol/L, p<0.001), and daily dose
of insulin (WMD: —2.73U/d, p<0.001), while body weight (WMD: 0.02 g, p=0.81) or risk of
symptomatic hypoglycemia (risk ratio: 0.92, p=0.37) were not affected.

Conclusions: Addition of DPP4 inhibitors to insulin significantly improved the glycemic
control in T2DM patients without further increasing the risk of weight gain and hypoglycemia.
Keywords: dipeptidyl peptidase-4 inhibitors, insulin, add-on therapy, diabetes mellitus,
meta-analysis

Introduction

The incidence of type 2 diabetes mellitus (T2DM) is increasing rapidly worldwide.'™
Pathophysiologically, patients with T2DM are characterized by insulin resistance and
lack of insulin secretion by the B cells of the pancreatic islet.* Although initial
treatment with oral antidiabetic drugs (OADs) is effective for glycemic control in
T2DM patients, with the deterioration of the [ cells of the pancreatic islet during the
progression of the disease, exogenous insulin injection is eventually needed.®’
Currently, multiple regimens of insulin injections are applied in clinical practice,
such as basal insulin treatment, basal and premeal bolus insulin injections, and premix
insulin treatments, and with which, satisfying glycemic control can be achieved in most
T2DM patients.* ' However, insulin treatment is associated with adverse events
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including gain of body weight (BW) and hypoglycemia,
which are related to the increase of the daily insulin dose.'""'?
Therefore, exploring an optimized add-on therapy to insulin
is of clinical significance for the improvement of glycemic
control and reducing the risk of adverse events in T2DM
patients with insulin injections.

Conventionally, many OADs exert their hypoglycemic
efficacies via insulin-dependent mechanisms, such as stimu-
lation of endogenous insulin secretion and improvement of
peripheral insulin resistance.'>™'® The dipeptidyl peptidase-4
(DPP4) inhibitors are a novel group of OADs which exert
hypoglycemic efficacy via inhibiting the degradation of gas-
trointestinal incretins including glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic polypeptide
(GIP)."®"" Increased GLP-1 and GIP resulted from DPP4
inhibiting, potentiate glucose-stimulated insulin secretion,
which is complementary to the direct insulin injection in
T2DM patients.'® Moreover, unlike GLP-1 receptor agonists,
DPP4 inhibitors can be orally administered, do not reduce
BW, and do not cause serious gastrointestinal adverse
reactions.'”?® Therefore, theoretically, combination of
DPP4 inhibitors and insulin treatment may exert beneficial
effects in T2DM patients compared to intensive insulin ther-
apy. In fact, some pilot randomized controlled trials (RCTs)
have evaluated the efficacies of DPP4 inhibitors as add-on
therapy to insulin in T2DM patients.>' ** However, the
scales of these RCTs are generally small and the results of
them are not always consistent. Although two previous meta-
analyses were performed to evaluate the efficacy of the
addition of DPP4 inhibitors to insulin therapy in T2DM
patients, these two studies are with certain methodological
flaws.*>** One of them included RCTs with active OADs in
the control arm, which makes it difficult to interpret the
results.* The other one only included RCTs with stable
insulin regimens, and studies with insulin dose titration
were excluded, leading to the missing of the important
study data.** In addition, some recently published studies
were not included in the previous meta-analysis, and the
influences of patient and study characteristics on the hypo-
glycemic efficacy of DPP4 inhibitors added-on to insulin
have not been determined. Therefore, we aimed to perform
an updated meta-analysis to evaluate the overall effects of
DPP4 inhibitors as add-on therapy to insulin in T2DM
patients. Furthermore, particular attention will be paid
regarding the influences of study design, patient character-
istics, and categories of DPP4 inhibitors on the glycemic
control efficacy in T2DM patients receiving a combined
therapy with DPP4 inhibitors and insulin.

Methods

This meta-analysis was designed and performed in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses*’ and the Cochrane Handbook
guidelines.*®

Search strategy

We searched the Medline (PubMed), Embase (Ovid), and
CENTER (Cochrane Library) databases using the combina-
tion of the following terms: (1) “DPP4”, “DPP-4”, “dipeptidyl

¢

peptidase-4 inhibitors”, “sitagliptin”, “vildagliptin”, “linaglip-

190 6

tin”,

EEINNT3

saxagliptin”,

EE T3

alogliptin”, “dutogliptin”, “aemigliptin”,

ERINNTY3

“anagliptin”,

ELINNTY3

teneligliptin”, “trelagliptin”, or “omarigliptin”;
(2) “insulin”; and (3) “random”, “randomly”, or “rando-
mized”. The date of the final database search was October
18, 2018. We limited the search to clinical studies in humans.
The references of related original and review articles were

manually searched for potential studies.

Study selection

Studies that met the following criteria were included:
(1) full-length articles in English; (2) RCTs with a
parallel design; (3) included patients with confirmed
T2DM; (4) assigned patients to either an oral DPP4
inhibitor intervention group or a placebo or no treatment
control group, combined with insulin therapy with or
without background OADs; (5) with at least ten patients
in each arm; (6) with treatment duration of at least eight
weeks; and (7) data of at least one of the following
outcomes could be extracted or estimated, including
glycosylated hemoglobin (HbAlc), fasting blood glu-
cose (FBQG), postprandial glucose at 2 hrs (PPG2h),
daily insulin dose, changes of BW, and the incidence
of symptomatic hypoglycemia events. We applied no
limitations to insulin regimens (basal only, basal and
premeal bolus, or premix insulin) in this study. Review
articles, preclinical studies, and studies comparing DPP4
inhibitors with other active OADs as add-on therapy to
insulin were excluded.

Data extraction and quality assessment

Literature search, data extraction, and quality assessment
were performed by two authors independently.
Discrepancies were resolved by consensus with a third
author. The Cochrane Risk of Bias Tool*® was applied

for study quality evaluation.
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Statistical analysis

The meta-analysis and statistical analysis were performed with
RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK)
and Stata (version 12.0; Stata Corporation, College Station,
TX) software. The primary outcome of this meta-analysis was
the difference between changes of HbAlc from baseline in
DPP4 inhibitors and controls. The secondary outcomes
included changes of FBG, PPG2h, daily insulin dose, BW,
and the incidence of hypoglycemia. The effect of a continuous
variable was presented as a weighed mean difference (WMD)
with the 95% CI, while for a categorized variable, a risk ratio
(RR) with the 95% CI was used. Heterogeneity was evaluated
by Cochrane’s Q test,*® and significant heterogeneity was
considered if p<0.10. The I statistic, indicating the percentage
of total variation across studies, was also calculated as a
description of heterogeneity.*” A random effect model was
used if significant heterogeneity was detected; otherwise, a
fixed effect model was applied. For studies with the more
than one interventional arm, multiple comparisons were con-
sidered and included in the meta-analysis separately. Subgroup
analyses were performed to evaluate the potential influence of
predefined study and patient characteristics on HbAlc, includ-
ing study design, sample size, mean age of the patients, follow-
up duration, whether titration of insulin dose was applied, and
which DPP4 inhibitor was used. Publication bias was assessed

by visual inspection of the symmetry of the funnel plot*® and
Egger’s regression asymmetry test.* P-values were two-
tailed, and statistical significance was set at P<0.05.

Results

Study selection

The process of study selection is summarized in Figure 1.
Briefly, 1,851 studies were obtained via initial database
search, and 51 potentially relevant studies were retrieved
after selection based on titles and abstracts. Subsequently,
22 studies”
further excluding of 29 studies based on the following rea-

were included in the meta-analysis after

sons: six were not RCTs, eight were not with addition of
DPP4 inhibitors to insulin as intervention, eight were with
follow-up durations <8 weeks, one was with <10 patients in
each study arm, two were with combination of active OADs
(sulfonylureas or glinides) and insulin in controls, and the
other four were repeated reports of the included RCTs.

Study characteristics and quality
evaluation

Overall, 22 RCTs with 6,957 T2DM patients were included in
the meta-analysis.”' > One study® included two intervention
arms with alogliptin 12.5 mg/d and 25 mg/d, respectively, and

Studies identified through database search (n=1851)

Studies excluded based on title and abstract (n=1800)
Not relevant studies
Not randomized controlled trials
Review articles or preclinical studies

Potentially relevant studies (n=51)

Studies excluded based on full-text review (n=29)
Not randomized controlled trials (n=6)
Not DPP4i added to insulin as intervention (n=8)
With follow-up duration<8 weeks (n=8)
Less than 10 patients in each arm (n=1)
Compare to other OADs added to insulin (n=2)
Repeated reports of included trials (n=4)

Studies included in systematic review (n=22)

|

Studies included in meta-analysis (n=22)
DPP4i as add-on therapy to insulin in patients with T2DM

Figure | Summarized flowchart of literature search.
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two comparisons were considered for this study, which were
included for analysis separately. The characteristics of the
included RCTs are shown in Table 1. Briefly, the mean ages
of the included patients varied from 51.0 to 69.1 years, and the
baseline HbAIc ranged between 7.5% and 9.3%. Sitagliptin
was the most frequently used DPP4 inhibitors in these studies,
followed by vildagliptin, alogliptin, saxagliptin, linagliptin,
and teneligliptin. Most of the included studies included
patients with various regimens of insulins, while two studies

3235 and another

only included patients with basal insulin
study’! included patients with premix insulin (BIAsp30)
only. The follow-up durations varied from 12 to 104 weeks.
The doses of insulin were maintained stable in both arms in
most of the included RCTs except for eight studies, in which
the titration of insulin dose was allowed according to prede-
fined algorithms **>'=436383942 The summary of quality
evaluation via a Cochrane’s Risk of Bias Tool is shown in
Table 2. Overall, the quality of the included studies was
moderate. Fourteen studies were double-blinded and pla-
cebo-controlled RCTs, 2! 2426730:32:37:394042 N ethods of ran-

dom sequence generation were

23,26,28,36,38-40

reported in seven

studies, while the strategies for allocation con-

cealment were only reported in one study.*

Effects of addition of DPP4 inhibitors to

insulin on HbAlc

Meta-analysis with 22 studies showed that addition of DPP4
inhibitors to insulin was associated with significantly reduced
HbA1c as compared with controls (WMD: —0.54%, 95% CI:
—0.66 to —0.42, p<0.001; Figure 2A) with significant hetero-
geneity (I°=82%, p for Cochrane’s Q test <0.001).
Subsequent results of subgroup analyses showed that the
effects of addition DPP4 inhibitors to insulin on HbAlc
were consistent regardless of the study design characteristics,
sample sizes of the RCTs, mean ages of the patients, follow-
up durations of the studies, categories of the DPP4 inhibitors,
or whether a stable or an up-titrated insulin dose was applied
(Table 3). Interestingly, we found that the benefit of addition
of DPP4 inhibitors to insulin on HbAlc was more remark-
able in double-blinded, placebo-controlled RCTs, indicating
the robustness of the findings. Moreover, trends could be
observed that benefits of addition of DPP4 inhibitors to
insulin on HbAlc may be more remarkable in short-term
studies (<24 weeks) as compared with long-term studies
(>24 weeks, p for subgroup difference =0.06), and in studies
with stable insulin dose as compared with those with insulin
dose titration (p for subgroup difference =0.05).

Effects of addition of DPP4 inhibitors to

insulin on FBG and PPG2h

The pooled results showed that addition of DPP4 inhibi-
tors to insulin was associated with significantly reduced
FBG (WMD: -0.47 mmol/L, 95% CI: —0.71 to —0.23,
p<0.001; 1°=58%; Figure 2B) and PPG2h (WMD: —2.03
mmol/L, 95% CI. —2.53 to —1.54, p<0.001; 1’=52%;
Figure 2C) as compared with controls.

Effects of addition of DPP4 inhibitors to
insulin on daily insulin dose, BW, and

hypoglycemic events

Addition of DPP4 inhibitors to insulin was found to be
associated with a significantly reduced daily dose of insu-
lin (WMD: —2.73U/d, 95% CI: —3.96 to —1.51, p<0.001;
>=70%; Figure 3A) as compared with controls. Moreover,
addition of DPP4 inhibitors to insulin did not significantly
affect BW (WMD: 0.02 Kg, 95% CI: —0.16 to 0.20,
p=0.81; 1>=32%; Figure 3B) or risk of symptomatic hypo-
glycemia (RR: 0.92, 95% CI: 0.78 to 1.10, p=0.37;
>=60%; Figure 3C) as compared with controls.

Publication bias

The funnel plots for the effects of DPP4 inhibitors as
add-on therapy to insulin compared with controls on
HbAlc, FBG, PPG2h, daily insulin dose, BW, and inci-
dence of symptomatic hypoglycemic events are shown in
Figure 4A-F, which were all symmetrical on visual
inspection symmetrical on visual inspection, suggesting
no significant publication biases. These findings were
further supported by the results of Egger’s regression
tests (p=0.312, 0.432, 0.237, 0.539, 0.418, and 0.602,
respectively).

Discussion

In this meta-analysis of RCTs, we found that addition of DPP4
inhibitors to insulin significantly improved the glycemic con-
trol in T2DM patients as compared with placebo/no treatment
to insulin. Moreover, the benefits of DPP4 inhibitors as an add-
on therapy to insulin on glycemic control were consistent
regardless of the study design, follow-up duration, and cate-
gories of DPP4 inhibitors used. In addition, the benefits of
DPP4 inhibitors as an add-on therapy to insulin on glycemic
control were observed not only in studies with stable insulin
dose, but also in studies with insulin dose titration. Besides, the
addition of DPP4 inhibitors to insulin significantly reduced
daily insulin dose, without significant influences on BW or risk
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Figure 2 Forest plots for the meta-analyses of addition of the dipeptidyl peptidase-4 inhibitors to insulin on glycemic control in patients with type 2 diabetes mellitus. (A)

A HbA1c (%)

DPP4i Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random. 95% CI IV. random, 95% Cl
Fonseca 2007 -05 119 140 -02 121 149 4.4% -0.30 [-0.58, -0.02]
Rosenstock 2009-12.5mg -0.63 1.03 131 -0.13 1.34 65 3.7% -0.50 [-0.87, -0.13]
Rosenstock 2009-25mg -0.71 112 129 -0.13 1.34 65 3.7% -0.58 [-0.96, -0.20]
Vilsbell 2010 -0.6 0.94 305 0 11 312 5.3% -0.60 [-0.76, -0.44]
Barnett 2012 -0.73 0.94 304 -0.32 091 151 5.2% -0.41[-0.59, -0.23] -
Hong 2012 -0.63 1.15 61 -022 1.2 63 3.4% -0.41[-0.82, 0.00]
Yki-Jarvinen 2013 -048 1.86 543 0.05 1.82 520 4.9%  -0.53[-0.75,-0.31] -
Kadowaki 2013 -06 09 125 03 08 128 5.0% -0.90 [-1.11, -0.69] -
Kothny 2013 -08 151 228 -0.1 149 221 4.4% -0.70 [-0.98, -0.42] -
Kaku 2014 -0.96 0.56 90 -0.29 0.56 89 5.3% -0.67 [-0.83, -0.51] -
Takahashi 2015 -023 095 21 -06 08 23 27% 0.37 [-0.15, 0.89] ]
Mathieu 2015 -14 105 329 -09 1.1 329 5.3% -0.50 [-0.66, -0.34] -
Hirose 2015 -1.01 053 79 -011 053 79 53%  -0.90[-1.07,-0.73] -
Otsuka 2015 -0.76 0.59 11 -0.77 0.54 10 3.0% 0.01[-0.47, 0.49] -
Linjawi 2015 -15 08 195 -13 08 19% 5.3% -0.20 [-0.36, -0.04] -
Sato 2015 -09 0.9 25 0 0.88 24 2.9% -0.90 [-1.40, -0.40]
Mita 2016 -0.5 1 121 -02 09 122 4.7% -0.30 [-0.54, -0.06] -
Ning 2016 -1.08 1.45 146 -0.38 1.42 147 4.0% -0.70 [-1.03, -0.37] -
Kanazawa 2017 -0.58 0.94 35 0.19 1.14 36 2.9% -0.77 [-1.26, -0.28]
Cao 2017 -1.14 0.91 33 -0.94 0.81 32 3.4% -0.20 [-0.62, 0.22] - 1
Shankar 2017 -0.7 0.94 223 -03 1 219 5.2% -0.40 [-0.58, -0.22] -
Kadowaki 2017a -0.5 0.72 107 05 041 109 5.3% -1.00 [-1.16, -0.84] -
Kadowaki 2017b -0.87 0.76 77 -0.07 0.61 7 4.9% -0.80 [-1.02, -0.58] -
Total (95% Cl) 3458 3158 100.0%  -0.54 [-0.66, -0.42] L 4
Heterogeneity: Tau?=0.06; Chi’=121.29, df=22 (P<0.00001); *=82% 1 05 0 0‘5 1

Test for overall effect: Z=9.00 (P<0.00001)

B FBG (mmoliL)

Favours DPP4i Favours control

DPP4i Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% CI
Fonseca 2007 08 428 115 -02 449 126 3.2%  -0.60[-1.71,0.51] .
Rosenstock 2009-12.5mg 06 343 131 03 484 65 25% 0.30 [-1.02, 1.62] 1
Rosenstock 2009-25mg 01 341 129 03 484 65 25%  -0.20[-152, 1.12] T
Vilsbell 2010 -1.15 291 310 -045 331 313 7.3%  -0.70[-1.19,-0.21] -
Barnett 2012 -0.56 2.76 300 -0.34 2.7 149 6.9% -0.22 [-0.75, 0.31] -
Hong 2012 -0.96 2.89 61 -125 291 63 3.6% 0.29 [-0.73, 1.31] -
Yki-Jarvinen 2013 -02 467 543 -03 456 520 6.7% 0.10 [-0.45, 0.65] 1T
Kadowaki 2013 -0.04 178 125 0.59 2.01 128 7.5%  -0.63[-1.10,-0.16] -
Kaku 2014 -112 192 90 -0.52 216 89 6.3%  -0.60 [-1.20, -0.00] ]
Takahashi 2015 -112 178 21 -209 181 23 34% 0.97 [-0.09, 2.03]
Mathieu 2015 31 23 329 25 25 329 84%  -0.60[-0.97,-0.23] -
Hirose 2015 12 177 79 002 177 79 6.7% -1.18[-1.73,-0.63] -
Otsuka 2015 -1.38 202 11 055 175 10 1.8%  -1.93[-3.54,-0.32]
Sato 2015 -0.56 333 25 -0.51 351 24 14%  -0.05[-1.97,1.87]
Mita 2016 -05 335 120 -04 264 122 51%  -0.10[-0.86, 0.66] T
Ning 2016 -0.72 362 146 -029 352 147 47%  -0.43[-1.25,0.39] -1
Shankar 2017 -0.67 228 228 -0.55 255 226 7.7%  -0.12[-0.57,0.33] -
Kadowaki 2017a -121 128 107 01 236 109 7.2%  -1.31[-1.82,-0.80] I
Kadowaki 2017b -039 113 77 048 197 71 7.0%  -0.87[-1.39,-0.35] -
Total (95% Cl) 2947 2658 100.0%  -0.47 [-0.71, -0.23] L 2
Heterogeneity: Tau?=0.14; Chi’=42.80, df=18 (P=0.00009); ’=58% 2 1 5 1 2

Test for overall effect: Z=3.87 (P=0.0001)

C PPG2h (mmoliL)

DPP4i

_Study or subgroup Mean SD Total Mean SD Total Weight V. random, 95% Cl

Vilsbgll 2010
Barnett 2012
Hong 2012
Kadowaki 2013
Otsuka 2015
Sato 2015
Shankar 2017
Kadowaki 2017a
Kadowaki 2017b

Total (95% Cl)

-1.72
-1.51
-4.14

-1.3
-2.22
-1.22
-2.34
-3.12

-2.3

3.94
3.91
3.51
3.06
1.65
3.92
3.67
3.21
4.92

1

240
262
61
125
11
25
209
107
77

17

Heterogeneity: Tau?=0.27; Chi’=16.57, df=8 (P=0.03); ’=52%
Test for overall effect: Z=8.09 (P<0.00001)

Favours DPP4i Favours control

Control Mean difference Mean difference
IV, random, 95% CI

0.29 401 257 16.0%  -2.01[-2.71,-1.31] -
-0.23 384 129 144%  -1.28[-2.09, -0.47] -
-1.21 4.89 63 7.5% -293[-4.42,-144 — T
0.92 322 128 15.0%  -2.22[-2.99, -1.45] -
-0.44 2.44 10 57% -1.78 [-3.58, 0.02] -

0 4.22 24 3.9% -1.22 [-3.50, 1.06] -
-1.1 407 203 15.3%  -1.24[-1.99, -0.49] -
0.02 3.14 109 13.9%  -3.14[-3.99, -2.29] -
0.12 3.61 71 8.3%  -2.42[-3.80, -1.04] -

994 100.0%  -2.03 [-2.53, -1.54] L 2
-4 -2 0 2 4

HbAlc (%); (B) fasting blood glucose (mmol/L); and (C) postprandial glucose at 2 hrs.

of hypoglycemia. These results suggested that DPP4 inhibitors

as an add-on therapy to insulin improved glycemic control

without further increasing the risk of weight gain and hypo-

Favours DPP4i Favours control

glycemia in patients with T2DM.
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A Insulin dose (U/d) DPP4i Control Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD Total Weight IV.random.95% Cl 1IV. random. 95% CI
Fonseca 2007 1.2 142 140 41 13.7 149 7.2% -2.90 [-6.12, 0.32] [
Vilsbell 2010 0 58 322 1.6 7 319 12.9% -1.60 [-2.60, -0.60] -
Barnett 2012 1.7 121 299 5 119 151 9.3% -3.30 [-5.64, -0.96] -
Hong 2012 25 171 61 10.1 16.3 63 3.3% -7.60[-13.48,-1.72] —
Yki-Jarvinen 2013 26 18.6 543 52 182 520 9.7% -2.60 [-4.81, -0.39] -
Kaku 2014 3 35 90 8 95 89 10.0% -5.00 [-7.10, -2.90] -
Mathieu 2015 19 241 329 238 223 329 6.5% -4.80 [-8.35, -1.25] -
Sato 2015 22 43 25 22 86 24 5.9% -4.40 [-8.23, -0.57] -
Ning 2016 -0.19 154 146 -0.01 141 147 6.8% -0.18 [-3.56, 3.20] 1
Kanazawa 2017 -5.6 8.87 35 02 54 36 6.7% -5.80 [-9.23, -2.37] -
Shankar 2017 04 6.2 223 05 52 219 128% -0.10 [-1.17, 0.97] T
Kadowaki 2017a -0.3 102 107 -0.1 8.7 109 8.8% -0.20 [-2.73, 2.33] -
Total (95% ClI) 2320 2155 100.0% -2.73 [-3.96, -1.51] ‘
Heterogeneity: Tau’=2.77; Ch=37.24, df=11 (P=0.0001); ’=70% t t t y
Test for overall effect: Z=4.36 (P<0.0001) o S5 0 5 10
Favours DPP4i Favours control
B Body weight (Kg) DPP4i Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight V. fixed. 95% ClI 1V, fixed, 95% CI
Fonseca 2007 13 3.51 140 06 366 149 4.9% 0.70[-0.13, 1.53] T
Rosenstock 2009-12.5mg 06 229 131 0.6 3.22 65 4.3% 0.00[-0.88, 0.88] -1
Rosenstock 2009-25mg 0.7 227 129 0.6 3.22 65 4.3% 0.10[-0.78, 0.98] 1
Vilsbgll 2010 0.1 458 322 -01 3.19 319 8.9% 0.20[-0.41, 0.81] T
Barnett 2012 0.39 263 304 0.18 257 151 13.0% 0.21[-0.30,0.72] T
Yki-Jarvinen 2013 -0.3 442 543 -0.04 411 520 12.6% -0.26[-0.77,0.25] T
Kaku 2014 0.04 1.32 90 0.06 1.47 89 19.8% -0.02[-0.43,0.39] 3
Mathieu 2015 0.3 453 329 0.6 453 329 6.9% -0.30[-0.99, 0.39] -/
Linjawi 2015 14 6.1 195 21 59 194 2.3% -0.70[-1.89, 0.49] -
Sato 2015 -0.2 2 25 04 16 24 3.2% -0.60[-1.61, 0.41] -
Cao 2017 -0.33 3.1 33 165 42 32 1.0% -1.98[-3.78,-0.18]
Shankar 2017 01 28 234 01 28 233 129% 0.00[-0.51, 0.51] 1
Kadowaki 2017a 071 39 105 037 6.6 106 1.6% 0.34[-1.12,1.80] -1
Kadowaki 2017b 0.96 2.18 77 -0.17 3.21 7 4.2% 1.13[0.24, 2.02] -
Total (95% Cl) 2657 2347 100.0% 0.02 [-0.16, 0.20] ]
Heterogeneity: Chi’=19.25, df=13 (P=0.12); ’=32% 4’1 2 0 2 j‘

Test for overall effect: Z=0.24 (P=0.81) Favours DPP4i

Hypoglycemia events  pppy; Control Risk ratio Risk

Favours control

ratio

ele] O n Oold old J anaom ana
Fonseca 2007 33 140 45 149  6.4% 0.78[0.53, 1.15] ]
Rosenstock 2009-12.5mg 35 131 16 65 52% 1.09[0.65, 1.81] ]
Rosenstock 2009-25mg 35 129 16 65 52% 1.10[0.66, 1.84] ]
Vilsbgll 2010 50 322 25 319 57% 1.98[1.26, 3.12]
Barnett 2012 56 304 30 151 6.3% 0.93[0.62, 1.38] B
Hong 2012 7 61 14 63  2.9% 0.52[0.22, 1.19] - ]
Yki-Jarvinen 2013 83 543 95 520 7.7% 0.84 [0.64, 1.09] ]
Kadowaki 2013 26 129 17 137 47% 1.62[0.93, 2.85] )
Kothny 2013 19 228 16 221 4.1% 1.15[0.61, 2.18] ]
Kaku 2014 20 90 20 89  4.9% 0.99[0.57, 1.71] ]
Mathieu 2015 93 329 144 329 8.3% 0.65[0.52, 0.80] -
Hirose 2015 5 78 1 78  0.6% 5.00 [0.60, 41.82] ]
Otsuka 2015 0 1 4 10 0.4% 0.10[0.01,1.68) €]
Linjawi 2015 50 195 70 194 73% 0.71[0.52, 0.96] -
Sato 2015 10 25 19 24 51% 0.51[0.30, 0.85] -
Mita 2016 52 137 52 137 7.3% 1.00 [0.74, 1.35] R
Ning 2016 4 146 8 147 1.7% 0.50 [0.15, 1.64] D
Kanazawa 2017 4 35 11 36 21% 0.37[0.13,1.06) €]
Cao 2017 1 33 4 32 0.6% 0.24[0.03,205) ¢ ]
Shankar 2017 64 234 51 233 7.1% 1.25[0.91, 1.72] T
Kadowaki 2017a 18 117 15 115 41% 1.18[0.63, 2.23] ]
Kadowaki 2017b 9 77 5 71 2.1% 1.66 [0.58, 4.72] ]
Total (95% ClI) 3494 3185 100.0% 0.92[0.78, 1.10]
Total events 674 678

Heterogeneity: Tau?=0.08; Ch’=53.09, df=21 (P=0.0001); ’=60%

Test for overall effect: Z=0.90 (P=0.37) 02

Favours DPP4i

Figure 3 Forest plots for the meta-analyses of addition of the dipeptidyl peptidase-4 inhibitors to insulin on daily insulin dose and safety outc
body weight (kg); and (C) incidence of systematic hypoglycemia.

Previously, two meta-analyses performed by Chen et al**

and Kim et al** have been published concerning the efficacy

05 1 2

.,
+
5
Favours control

omes. (A) daily insulin dose (U/d); (B)

of DPP4 inhibitors as add-on therapy to insulin. Our study is
different from the previous two meta-analyses in the
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Figure 4 Funnel plots for the meta-analyses. (A) HbAlc (%); (B) fasting blood glucose (mmol/L); (C) postprandial glucose at 2 hrs; (D) daily insulin dose (U/d); (E) body

weight (kg); and (F) incidence of systematic hypoglycemia.

following aspects. Firstly, the meta-analysis by Chen et al
included RCTs comparing the effect between DPP4 inhibi-
tors and placebo/no treatment/active OADs as add-on thera-
pies to insulin.*® The various regimens of controls in this
meta-analysis may confound the results. In the meta-analysis
by Kim et al, the authors focused on studies with stable
insulin dose, while the potential glycemic benefits of addition
of DPP4 inhibitors to insulin with adjustable dose therefore
cannot be confirmed.** However, in our meta-analysis, we
included all RCTs comparing the effect of DPP4 inhibitors
and placebo/no treatment controls as add-on therapies to
insulin in T2DM patients, and the dose of insulin in the
included RCTs could be stable or adjustable (titration) during

the study periods. Secondly, the numbers of included RCTs
(seven in meta-analysis of Chen et al, nine in meta-analysis
of Kim et al, and 22 in our meta-analysis) and the overall
patients (3,384 in meta-analysis of Chen et al, 4,464 in meta-
analysis of Kim et al, and 6,957 in our meta-analysis) were
much larger in our study than the previous ones, which
makes our study with larger statistical power to show a
significantly improved FBG and PPG2h in DPP4 inhibitor
groups. Thirdly, the large scale of the current meta-analysis
allowed us to perform subgroup analysis for the influence of
the combined treatment with DPP4 inhibitors and insulin on
HbAlc. Generally, the results of our meta-analysis are con-
sistent with the previous two meta-analyses,**** which
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showed that addition of DPP4 inhibitors to insulin improved
glycemic control in T2DM patients. Moreover, results of our
subgroup analyses showed that the benefits of DPP4 inhibi-
tors as an add-on therapy to insulin on glycemic control were
consistent regardless of the study design, follow-up duration,
and categories of DPP4 inhibitors used. Finally, we found
that benefits of DPP4 inhibitors as an add-on therapy to
insulin on glycemic control were observed not only in studies
with stable insulin dose, but also in studies with insulin dose
titration. These results implied that in T2DM patients that are
inadequately controlled by insulin, adding DPP4 inhibitors to
insulin may be superior in glycemic control as compared
with the up-titration of the insulin dose.

The synergetic effect of the addition of DPP4 inhibitors to
insulin therapy on glycemic control may be explained by the
potential insulin-independent hypoglycemic effect of DPP4
inhibitors. The DPP4 inhibitors prevent the degradation of
gastrointestinal incretins including GLP-land GIPs, thereby
improving glycemic control via various mechanisms besides
stimulation of insulin secretion, such as glucagon
suppression.*’ The complementary actions of DPP4 inhibitors
to insulin therapy may be the fundamental reasons for the
benefits of combined therapy on glycemic control. This is
also reflected by one of the findings from our meta-analysis
which showed a significantly reduced daily insulin dose in
patients receiving combined therapy with DPP4 inhibitors and
insulin. Moreover, our meta-analysis showed that addition of
DPP4 inhibitors to insulin did not the risks of BW gain and
hypoglycemia. This is not surprising since DPP4 inhibitors are
confirmed to have no significant influence on BW and with
low risk of hypoglycemic events.'” Additionally, patients from
the combined therapy group had lower daily insulin dose than
controls as evidenced by the results of our meta-analysis,
which may also be a potential reason that the combined treat-
ment did not significantly increase the risk of adverse events
such as weight gain and hypoglycemia.

Our study has limitations. Firstly, our study is a study-
level-based meta-analysis. Results of subgroup analysis
according to the study or patient characteristics (such as
mean ages, and follow-up duration) should be interpreted
with caution since we did perform the stratified analyses
based on the individual patient data. Secondly, significant
heterogeneity remains in some outcomes of our meta-analysis,
and differences in the regimens of insulin treatment of the
included RCTs may contribute to the heterogeneity. However,
subgroup analyses according to the regimens of insulin treat-
ment could not be performed since most of the RCTs included
patients with mixed insulin regimens, while stratified data

were rarely available. In one of the included RCTs, addition
of sitagliptin various regimens of insulin, including premixed,
immediate-acting, and long-acting insulin showed similar effi-
cacies on HbAlc reduction in T2DM patients.” Similarly, a
recent post-hoc analysis of two clinical trials showed that
sitagliptin in combination with premixed insulin achieved
better glycemic control than premixed insulin alone.>
Therefore, whether addition of DPP4 inhibitors to different
regimens of insulin treatment confers similar benefits remains
to be determined. Thirdly, the comparative efficacies between
DPP4 inhibitors and other active OADs as add-on therapies to
insulin cannot be determined based on our results, and direct
comparative RCTs are lacking. Previous meta-analyses based
on indirect comparisons showed that DPP4 inhibitors may be
inferior to sodium glucose cotransporter 2 inhibitors,”' but
similar to thiazolidinedione and GLP-1 receptor agonists in
glycemic control as add-on therapies to insulin in T2DM
patients.”> However, these results should be validated in
head-to-head RCTs. Fourthly, whether addition of DPP4 inhi-
bitors to insulin improves the clinical outcome should be
evaluated in future studies.

In conclusion, results of our meta-analysis showed that
addition of DPP4
improved the glycemic control in T2DM patients without

inhibitors to insulin significantly
further increasing the risk of weight gain and hypoglyce-
mia. The benefits of DPP4 inhibitors as add-on therapy on
glycemic control were independent of study design, fol-
low-up duration, categories of DPP4 inhibitors used, and
using of fixed/adjustable insulin doses. The DPP4 inhibi-
tors as an add-on therapy to insulin should be considered
in T2DM patients in clinical practice.

Disclosure
The authors report no conflicts of interest in this work.
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