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INTRODUCTION

ABSTRACT

Aims/Introduction: To evaluate the efficacy and safety of combining insulin therapy
with dipeptidyl peptidase-4 (DPP-4) inhibitors compared with combining insulin therapy
with a placebo or other antihyperglycemic agents.

Materials and Methods: A literature search was carried out via electronic databases.
The inclusion criteria were randomized controlled trials comparing the addition of DPP-4
inhibitors to insulin with the addition of a placebo or other active hypoglycemic agents
to insulin therapy, study duration of no less than 12 weeks carried out in type 2 diabetes
patients and the availability of outcome data to evaluate a change in the glycated
hemoglobin.

Results: The glycated hemoglobin-lowering efficacy was significantly greater with DPP-4
inhibitor/insulin (DPP-4i/INS) than with placebo/insulin (weighted mean difference —0.53%,
95% confidence interval —0.63, =043, P < 0.01). The postprandial plasma glucose-lowering
efficacies was also significantly greater with DPP-4i/INS than with placebo/insulin
(weighted mean difference —1.65 mmol/L, 95% Cl: —2.34, —0.96, P < 0.05). The risk of
hypoglycemia or severe hypoglycemia was similar for DPP4i/INS and placebo/insulin treat-
ments. There was no significant difference in the glycemia-lowering efficacy between
DPP-4i/INS and alpha-glucosidase inhibitors/insulin, thiazolidinedione/insulin and glucagon-
like peptide-1 receptor agonist/insulin. Sodium—glucose cotransporter 2 inhibitor/insulin
treatment achieved better placebo-corrected efficacy in lowering postprandial plasma glu-
cose, with less weight gain and no higher risk of hypoglycemia.

Conclusions: Treatment with DPP-4 inhibitors combined with insulin improved glyce-
mic control without an increased risk of hypoglycemia or weight gain compared with
insulin treatment alone.

levels of GLP-1 and GIP*>®. The efficacy and safety of DPP-4

Type 2 diabetes mellitus is a progressive disease characterized
by insulin deficiency and insulin resistance. Guidelines recom-
mend insulin therapy be initiated when patients with progres-
sive type 2 diabetes mellitus do not achieve or maintain proper
glycemic control on oral antihyperglycemic agents alone and
add-on therapies'”.

Dipeptidyl peptidase-4 (DPP-4) inhibitors prevent the
degradation of gastrointestinal incretins glucagon-like peptide-
1 (GLP-1) and glucose-dependent insulinotropic polypeptide
(GIP), resulting in improved glycemic control by increasing
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inhibitors and insulin combination therapy have been evalu-
ated in several previous studies, including systematic reviews
and meta-analyses based on findings from randomized con-
trolled trials (RCTs)*’. However, there are only limited data
comparing DPP-4 inhibitors with other antihyperglycemic
agents in combination with insulin, especially head-to-head
comparisons, and no systemic reviews or meta-analyses have
been published.

Therefore, the aim of the current systematic review and
meta-analysis was to evaluate the efficacy and safety of DPP-4
inhibitors compared with a placebo or other antihyperglycemic
agents in combination with insulin therapy.
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METHODS
Data collection and searching strategy
Studies were identified by a literature search of MEDLINE®
(PubMed), the Cochrane Central Register of Controlled Trials
(CENTRAL) and EMBASE® until December 2016. Documents
for approved medications were searched for trials at http:/
www.clinicalstudyresults.org and http://www.clinicaltrials.gov.
The following terms were searched: type 2 diabetes; DPP-4
inhibitors (DPP-4i); metformin (MET); alpha-glucosidase inhi-
bitors (AGI); thiazolidinediones (TZD); glucagon-like peptide-1
receptor agonist (GLP-1RA); sodium-—glucose cotransporter 2
inhibitors (SGLT-2i); acarbose; miglitol; voglibose; rosiglitazone;
pioglitazone; troglitazone; sitagliptin; vildagliptin; saxagliptin;
alogliptin; linagliptin; liraglutide; lixisenatide; exenatide; dapagli-
flozin; canagliflozin; empagliflozin; and RCTs.

Eligibility criteria

The inclusion criteria were: (i) RCTs comparing the addition of
DPP-4 inhibitors with insulin, with the addition of a placebo
or other active hypoglycemic agents to insulin therapy; (ii)
study duration >12 weeks; (iii) studies carried out in type 2 dia-
betes patients; and (iv) the efficacy of glucose control was the
primary outcome of the study. Non-RCT's carried out in type 2
diabetes patients, studies in type 1 diabetes patients and studies
with duration <12 weeks were excluded.

Data extraction

Two review authors (GXY and YW]) independently extracted
the following data from each study: publication data (title, first
author, year), study design, baseline characteristics of the study
population (sample size, age, sex, duration of type 2 diabetes
mellitus, body mass index [BMI] and glycated hemoglobin
[HbAlc]), description of the study drugs, treatment duration
and primary outcome measures (changes from baseline to
study end-point for HbAlc). Discrepancies were resolved by a
third investigator (CL).

Assessment of study quality and risk of bias

A visual inspection of the funnel plot and the Egger’s test of
the funnel plot were used to assess the publication bias. The
quality of all included studies was assessed by the Cochrane
risk of bias tool including selection bias, performance bias,
detection bias, attrition bias, reporting bias and others®.

Statistical analysis

The weighted mean difference (WMD) and 95% confidence
interval (CI) were calculated for continuous variables, including
the change in HbAlc, fasting plasma glucose (FPG), postpran-
dial plasma glucose (PPG), bodyweight and daily dosage of
insulin from baseline. The risk ratio (RR) and 95% confidence
interval (CI) were calculated to analyze the risk of hypo-
glycemia and severe hypoglycemia. The between-study hetero-
geneity was distributed as the y’ statistic, and statistical
significance was reached when P < 0.05. The Higgins I’

http://onlinelibrary.wiley.com/journal/jdi

statistics were used to quantify the percentage of the total vari-
ance in the summary estimate due to between-study hetero-
geneity. Fixed effects and random effects models were used
with low and high levels of heterogeneity, respectively. Review
Manager statistical software package (version 5.3; The Nordic
Cochrane Center, Copenhagen, Denmark) was used for statisti-
cal analyses. This meta-analysis was carried out according to
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines.

RESULTS

Characteristics of enrolled studies

Ultimately, 36 studies that met the inclusion criteria were
analyzed, including 7 studies that compared a placebo with a
combination of a DPP-4 inhibitor and insulin (DPP4i/INS)* >,
3 studies that compared a placebo with a combination of
metformin and insulin (MET/INS)!*™8, 7 studies that com-
pared a placebo with a combination of thiazolidinedionesin
and insulin (TZD/INS)''*2% 5 studies that compared a pla-
cebo with a combination of an alpha-glucosidase inhibitor
and insulin (AGI/INS)*?°, 7 studies that compared a pla-
cebo with a combination of a GLP-1 receptor agonist and
insulin (GLP-1RA/INS)**>® and 8 studies that compared a
placebo with a combination of SGLT-2i and insulin (SGLT-
2i/INS)*” . Details are presented in a flow chart (Figure 1).
Characteristics of the included studies are outlined in
Table S1. Figure S1 summarizes the risks of bias of the
included studies.

Methodological quality

All the included studies were randomized, placebo-controlled
trials. Most studies reported age, sex, diabetes duration, HbAlc,
BMI, bodyweight between the comparison groups at baseline.
Overall, the risk of bias was low. Figure S1 summarizes the
risks of bias of the included studies. Funnel plots assessing the
precision of the data suggested a low risk of publication bias
(data not shown).

Efficacy outcomes

Changes in HbAT1c

The HbAlc-lowering efficacy was significantly greater with
DPP-4i/INS than with PBO/INS (WMD —0.53%, 95% CI:
—0.63, —0.43, P < 0.01; Figure 2; Table 1). The placebo-corrected
HbA,. change from baseline was greater with MET/INS than
with DPP-4i/INS (P < 0.05). There was no significant differ-
ence in the placebo-corrected HbAlc change from baseline
between DPP-4i/INS and AGI/INS, TZD/INS, GLP-1RA/INS
and SGLT-2i/INS (P > 0.05).

Changes in FPG

When DPP4i/INS treatment was compared with PBO/INS
treatment, the change in FPG was not significant (WMD -
0.32 mmol/L, 95% CIL —0.75, 0.11, P = 0.14; I* = 100%, ran-
dom effects model was used; Table 2). The difference in the
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4,852 publications were identified using the search term

4,502 excluded after screening the titles and

abstracts

350 potentially relevant literatures were retrieved

Repeated reports of the same study
Were not randomized controlled trials

314 excluded:
Without

36 met the inclusion criteria for this meta-analysis

Figure 1 | Flow chart of included studies.

DPP-4 inhibitor PBO Mean difference Mean difference
Study or subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
DPP-4 inhibitor (Barnett, 2012) -0.73 0054 304 -032 0074 151 164% -041[-042,-0.40] L
DPP-4 inhibitor (Fonseca, 2007) -0.5 01 144 -02 01 152 163% -030[-0.32,-0.28] .
DPP-4 inhibitor (Hannele, 2013)  -048 008 631 005 008 630 165% -0.53[-0.54,-0.52] "
DPP-4 inhibitor (Kaku, 2014) -0.96 0.6 90 -029 06 89 107% -0.67[-0.85,-0.49] .
DPP-4 inhibitor (kothny, 2013) -0.8 01 228 -0.1 0.1 221 164% -0.70[-0.72,-0.68] "
DPP-4 inhibitor (Rosenstock, 2009) —0.71 1.1 129 -0.13 1.1 130 73% -0.58[-0.85,-0.31] -
DPP-4 inhibitor (Vilsball, 2010) -0.6 01 322 0 01 319 164% -060[-0.62,-0.58] =
Total (95% Cl) 1,848 1,692 100.0% -0.53[-0.63,-043] L 2
Heterogeneity: 12 = 0.01; x2 = 1095.42, df = 6 (P < 0.00001); 12 = 99% t t t t

Test for overall effect: Z=10.79 (P < 0.00001)

-1 05 0 05 1
Lower HbATc Higher HbAlc

Figure 2 | Change from baseline in glycated hemoglobin (HbA1c) of dipeptidyl peptidase-4 (DPP-4) inhibitor/insulin treatment. Cl, confidence

interval; PBO, placebo.

placebo-corrected FPG change from baseline between DPP-4i/
INS and MET/INS, AGI/INS, TZD/INS, GLP-1RA/INS and
SGLT-2i/INS treatments was not significant (P > 0.05).

Changes in PPG
The PPG-lowering efficacy was significantly greater with
DPP-4i/INS than with PBO/INS (WMD -1.65 mmol/L,

95% CI: -2.34, —0.96, P <0.01; I*=100%, random
effects model was used; Table 3). The placebo-corrected
PPG change from baseline was greater with SGLT-2i/INS
than with DPP-4i/INS (P < 0.05). The placebo-corrected
PPG change from baseline between DPP-4i/INS and
AGI/INS and GLP-1RA/INS treatments was not signifi-
cantly different (P > 0.05).
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Table 1 | Comparisons of glycated hemoglobin change from baseline in different treatment groups

No. studies No. participants (active agents vs PBO) WMD from baseline 95% Cl P-value
HbA1c change from baseline (%)

DPP-4i/INS 7 1,848/1,692 —053 —063, 043 <001*
MET/INS 3 127/135 -0.88 -1.11, =064 <001*
AGI/INS 5 375/367 —-0.55 -1.12,001 0.06
TZD/INS 7 758/760 —061 —0.80, =041 <001*
SGLT-2i/INS 8 1,658/1,585 —-066 —0.79, =053 <001*
GLP-TRA/INS 7 1,393/1,223 -0.74 -107, 041 <001*

*P-value < 0.05. AGI, alpha-glucosidase inhibitors; Cl, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1
receptor agonist; HbA1c, glycated hemoglobin; INS, insulin; MET, metformin; PBO, placebo; TZD, thiazolidinediones; SGLT-2i, sodium—glucose cotrans-

porter 2 inhibitor; WMD, weighted mean difference.

Table 2 | Comparisons of fasting plasma glucose change from baseline in different treatment groups

No. studies No. participants (active agents vs PBO) WMD from baseline 95% Cl P-value
FPG change from baseline (mmol/L)

DPP-4i/INS 7 1,848/1,692 -032 —0.75, 0.11 0.14
MET/INS 3 127/135 -0.72 —158,0.14 0.10
AGI/INS 4 268/267 -002 -0.30, 026 087
TZD/INS 6 750/750 -1.16 —3.15, 083 0.25
SGLT-2i/INS 6 800/753 —063 -1.39, 013 0.10
GLP-TRA/INS 7 1,393/1,223 —046 —087,-005 <0.05*

*P-value < 0.05. AGl, alpha-glucosidase inhibitors; Cl, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; FPG, fasting plasma glucose; GLP-
TRA, glucagon-like peptide-1 receptor agonist; HbATc, glycated hemoglobin; INS, insulin; MET, metformin; PBO, placebo; SGLT-2i, sodium—glucose
cotransporter 2 inhibitor; SU, sulfonylurea; TZD, thiazolidinediones; WMD, weighted mean difference.

Changes in bodyweight

When DPP4i/INS treatment was compared with PBO/INS
treatment, the change in bodyweight was not significant
(WMD 0.18 kg, 95% CI: —0.08, 0.44, P = 0.17; Table 4). When
placebo-corrected, bodyweight was significantly decreased with
SGLT-2i/INS and GLP-1RA/INS compared with DPP-4i/INS
(P < 0.05), and was significantly increased with TZD/INS com-
pared with DPP-4i/INS (P < 0.05). There was no significant
difference in placebo-corrected bodyweight change from base-
line between DPP-4i/INS and AGI/INS treatments (P > 0.05).

Changes in the dosage of insulin use

The change in daily insulin doses was significantly greater with
DPP-4i/INS than with PBO/INS (WMD —2.17 units/day, 95%
CL: -3.18, —1.15, P < 0.01; I* = 99%, random effects model was
used; Table 5). The placebo-corrected daily insulin dosage was
significantly decreased with TZD/INS compared with DPP-4i/
INS (P < 0.05). Comparisons of the placebo-corrected insulin
dosage change from baseline between DPP-4i/INS and AGI/
INS, GLP-1RA/INS and SGLT-2i/INS treatments showed that
the difference was not significant (P > 0.05).

Table 3 | Comparisons of postprandial plasma glucose change from baseline in different treatment groups

No. studies No. participants (active agents vs PBO) WMD from baseline 95% Cl P-value
PPG change from baseline (mmol/L)
DPP-4i/INS 2 626/470 -165 —234,-096 <001
AGI/INS 3 208/207 -1.76 —4.19, 066 015
GLP-TRA/INS 3 705/547 —2.87 —898, 323 036
SGLT-2i/INS 2 146/83 -262 —2.86, —2.37 <001

AGl, alpha-glucosidase inhibitors; Cl, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist;
HbATc, glycated hemoglobin; INS, insulin; PBO, placebo; PPG, postprandial plasma glucose; SGLT-2i, sodium—glucose cotransporter 2 inhibitor; WMD,
weighted mean difference.
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Table 4 | Comparisons of bodyweight change from baseline in different treatment groups

No. studies No. participants (active agents vs PBO) WMD from baseline 95% Cl P-value
Bodyweight change from baseline (kg)

DPP-4i/INS 7 1,848/1,692 0.18 —008, 044 017
MET/INS 3 127/135 —266 —391, =141 <001*
AGI/INS 4 268/267 -0.70 —-2.15,0.75 034
TZD/INS 6 655/656 1.88 0.29, 346 0.02*
SGLT-2i/INS 7 994/946 -1.89 —231,-148 <001*
GLP-TRA/INS 7 1,393/1,223 -1.70 —2.53,-0.88 <001*

*P-value < 0.05. AGl, alpha-glucosidase inhibitors; Cl, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1
receptor agonist; HbA1c, glycated hemoglobin; INS, insulin; MET, metformin; PBO, placebo; SGLT-2i, sodium-glucose cotransporter 2 inhibitor; TZD,

thiazolidinediones; WMD, weighted mean difference.

Safety outcomes

In the subgroup analysis of safety outcomes, we analyzed the
incidence of hypoglycemia and severe hypoglycemia. The risk
of hypoglycemia or severe hypoglycemia between treatment
with DPP4i/INS and PBO/INS was similar (I = 48% for the
incidence of hypoglycemia, I = 41% for the incidence of severe
hypoglycemia, fixed effects model was used). In the AGI/INS
treatment group, the risk of hypoglycemia significantly
increased compared with the PBO/INS treatment group (RR
1.39, 95% CI: 1.07, 1.81, P = 0.01). There was no significant
difference in the risk of hypoglycemia or severe hypoglycemia
in the other treatment groups compared with the PBO/INS
group (Table 6). The placebo-corrected risk of hypoglycemia or
severe hypoglycemia between DPP-4i/INS and MET/INS, TZD/
INS, GLP-1RA/INS and SGLT-2i/INS treatments showed no
significant difference (P > 0.05).

DISCUSSION

In the present meta-analysis, we found that treatment with
DPP-4 inhibitors in combination with insulin improved glyce-
mic control without an increased risk of hypoglycemia and
weight gain compared with a placebo in combination with
insulin. When compared with AGI/INS, TZD/INS and GLP-
IRA/INS treatments, DPP-4i/INS treatment had equivalent
placebo-corrected effects on HbAlc, FPG and PPG control.

DPP-4 inhibitors prevent the degradation of the gastrointesti-
nal incretins GLP-1 and GIP°. With this insulin-independent
mode of action, the combination of DPP-4 inhibitors and insu-
lin showed superior glycemic control compared with insulin
alone. It is recommended that patients begin insulin therapy
when they cannot achieve glycemic control with oral antihyper-
glycemic agents alone”. These patients usually suffer from
poorer islet cell function and have a higher risk of hypo-
glycemic episodes with insulin alone. The present meta-analysis
showed that the combined use of DPP-4 inhibitors and insulin
results in a significant decrease in daily insulin dosage, which
further lowers the risk of hypoglycemia. The results regarding
the efficacy and safety of DPP-4i/INS treatment in our meta-
analysis were generally consistent with those from previous sys-
tematic reviews and meta-analyses®’, and we further updated
the included studies. Taken together, the data supports that
DPP-4 inhibitors represent a good option as adjunctive agents
to insulin therapy.

DPP-4 inhibitors showed a level of hypoglycemic efficacy
and safety equivalent to AGI or TZD when added to insulin
therapy. This gives patients an alternate therapeutic option,
especially those who cannot tolerate the side-effects of met-
formin, AGI or TZD. In the comparison between the DPP-4i/
INS and MET/INS groups, MET/INS treatment showed a bet-
ter placebo-corrected effect in HbAlc control with less weight

Table 5 | Comparisons of daily insulin dosage change from baseline in different treatment groups

No. studies No. participants (active agents vs PBO) WMD from baseline 95% Cl P-value
Daily insulin dosage change from baseline (U/day)
DPP-4i/INS 4 1,307/1,154 =217 -3.18, -1.15 <001*
AGI/INS 2 142/141 028 —2.85, 340 086
TZD/INS 5 518/524 -16.15 —25.89, —642 <001*
SGLT-2i/INS 3 545/490 —6.00 —12.28, 027 0.06
GLP-TRA/INS 7 1,393/1,223 -339 —4.74, =204 <001*

*P-value < 0.05. AG|, alpha-glucosidase inhibitors; Cl, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1
receptor agonist; HbATc, glycated hemoglobin; INS, insulin; PBO, placebo; SGLT-2i, sodium-—glucose cotransporter 2 inhibitor; TZD, thiazolidinediones;

U, unit; WMD, weighted mean difference.
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Table 6 | Comparisons of hypoglycemia or severe hypoglycemia risk in different treatment groups

No. studies No. participants (active agents vs PBO) WMD from baseline 95% Cl P-value

Incidence of hypoglycemia (%)

DPP-4i/INS 7 1,848/1,692 102 091, 1.16 0.71
MET/INS 3 127/135 096 082, 1.12 059
AGI/INS 5 375/367 1.39 107,181 001*
TZD/INS 3 236/194 117 090, 1.51 024
SGLT-2i/INS 8 820/718 1.09 096, 1.25 018
GLP-1RA/INS 7 1,367/1,197 124 099, 156 0.06
Incidence of severe hypoglycemia (%)

DPP-4i/INS 6 1,686/1,682 094 045, 195 087
AGI/INS 2 154/154 1.00 0.14, 699 1.00
SGLT-2i/INS 3 1,008/997 128 081, 203 028
GLP-1RA/INS 7 1,393/1,223 1.86 045, 757 039

*P-value < 0.05. AGl, alpha-glucosidase inhibitors; Cl, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1
receptor agonist; HbATc, glycated hemoglobin; INS, insulin; MET, metformin; PBO, placebo; SGLT-2i, sodium—glucose cotransporter 2 inhibitor; TZD,

thiazolidinediones; WMD, weighted mean difference.

gain. However, the numbers of participants of these two groups
differed greatly, which might limit the statistical power.

GLP-1 receptor agonist, another incretin-based therapy, had
a significant HbAlc-lowering effect in combination with insulin
compared with PBO/INS.

In a previous meta-analysis that included 89 RCTs, GLP-1
receptor agonist had an effect on weight loss™. This effect was
reproduced when GLP-1 receptor agonists and DPP-4 inhibi-
tors were used with insulin therapy. The placebo-corrected risk
of hypoglycemia or severe hypoglycemia between DPP-4i/INS
and GLP-1RA/INS treatments was not significantly different
(P > 0.05). Therefore, patients with a weight problem could
consider using a GLP-1 receptor agonist in combination with
insulin for the weight loss effect.

SGLT-2is induce urinary glucose excretion through inhibition
of renal glucose reabsorption, improve glycemic control and
reduce bodyweight*®*®. Significant HbAlc- and PPG-lowering
effects were seen with SGLT-2i/INS compared with PBO/INS.
There was also significant weight reduction that was not
accompanied by a higher risk of hypoglycemia or severe hypo-
glycemia in the present meta-analysis.

In the comparison between the DPP-4i/INS and the SGLT-
2i/INS groups, SGLT-2i/INS treatment exerted a better pla-
cebo-corrected effect in PPG control, with less weight gain
and no higher risk of hypoglycemia. This result is generally
consistent with a previous study®’. However, in the systematic
review and meta-analysis by Min et al, the HbAlc reduction
was significantly greater in the SGLT2i/INS group than in the
DPP4i/INS group after adjusting for age, sex, BMI and base-
line insulin dose™. Several previous studies have reported the
weight-neutral effect of DPP-4 inhibitors and the weight
reduction effect of SGLT-2 inhibitors. Results from the pre-
sent meta-analysis suggested that these effects were preserved

with the addition of insulin therapy. It is well known that
obesity is associated with insulin resistance, and weight loss
improves insulin resistance and glycemic control. Taken
together, these results support that SGLT-2i is a better option
for glycemic control, especially for those patients with a
higher BMI.

The present meta-analysis systematically evaluated the effi-
cacy and safety of DPP-4i/INS treatment compared with a
placebo or other antihyperglycemic agents in combination
with insulin therapy. However, there are several potential limi-
tations. First, the present meta-analysis comprised studies with
different baseline characteristics and therapeutic regimens,
which might lead to bias of the results. Second, the numbers
of participants in some treatment groups were different
greatly, such as DPP-4i/INS vs MET/INS treatment, which
might limit the statistical power. Additionally, hypoglycemia
and severe hypoglycemia were not clearly defined in several
studies, leading to heterogeneity across studies. More studies
with a larger sample size, longer duration of follow up and
more head-to-head comparisons are required to substantiate
the present results.

According to this meta-analysis, treatment with DPP-4 inhi-
bitors combined with insulin improves glycemic control with-
out increasing the risk of hypoglycemia and weight gain
compared with insulin treatment alone. DPP-4i/INS treatment
was equally effective in placebo-corrected glycemic control
compared with AGI/INS, TZD/INS and GLP-1RA/INS
treatments.
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