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Abstract: The use of DPP-4 inhibitors in combination with insulin has been proposed as an alternative therapeutic 
option for poorly controlled type 2 diabetes (T2D) patients. We thus performed a meta-analysis of randomized con-
trolled trials (RCTs) to assess the efficacy and safety of this combination therapy in adult T2D patients. Seven eligible 
studies involving 3,384 participants were included for the study. The resulting data revealed that the combination 
therapy of DPP-4 inhibitor and insulin is associated with a modest reduction in HbA1c (-0.52%; 95% CI -0.59 to 
-0.44), a decrease in 2h-PPG (-1.81 mmol/l; -2.23 to -1.38), and an increase in the proportion of patients reaching 
the target HbA1c of ≤ 7% (RR 2.24; 95% CI 1.80 to 2.77) without increasing the risk of hypoglycemia (RR 1.04; 0.83 
to 1.31) or body weight (-0.11 kg; -0.56 to 0.33), as compared with other anti-diabetic treatments. These results 
support that this combination therapy could serve as a potential therapeutic strategy that offers an alternative op-
tion for patients inadequately controlled on other anti-diabetic agents in clinical practice.
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Introduction

Type 2 diabetes (T2D) is a progressive meta-
bolic disease characterized by the insufficient 
insulin secretion and/or insulin resistance with 
resultant hyperglycemia [1]. The first-line treat-
ment drugs such as metformin have proved to 
be effective in lowering glucose levels and were 
widely used in newly diagnosed T2D patients 
[2]. However, due to the progressive nature of 
this disease, many patients on oral anti-diabet-
ic drugs (OADs) failed to achieve or maintain a 
satisfactory glycemic control over time [3]. 
Insulin therapy has been the mainstay treat-
ment for patients inadequately controlled on 
OADs. However, the exogenous insulin cannot 
regulate glucose levels as accurately as the 
endogenous insulin released by the functioning 
pancreatic islets, which in some degree limited 
its application in clinical settings [3-5]. Data 
from the National Health and Nutrition Ex- 
amination Survey (NHANES) show that around 
33% of US patients with T2D were on insulin 
monotherapy, while only a few patients were 

able to reach an HbA1c level of less than 7% 
[6]. One reason is that, although dose titration 
of insulin improves glycemic control, its use is 
often limited in clinical practice by concerns 
about the risks of hypoglycemia, weight gain 
and patients’ barriers for dosing adjustment [7, 
8]. Also, some insulin regimens do not target 
postprandial glucose levels effectively [9, 10]. 
These observations suggest that insulin mono-
therapy can no longer offer a satisfactory glyce-
mic control over time during the course of T2D 
progression, and patients would eventually 
require the combination treatment of insulin 
and other anti-diabetic agents. Thus, an opti-
mal anti-diabetic therapy would be the one that 
can improve glycemic control without increas-
ing the risk of hypoglycemia or causing weight 
gain.

Dipeptidyl peptidase-4 (DPP-4) inhibitors, also 
known as gliptins, are a new class of oral anti-
diabetic agents that have been commonly used 
as the second or third-line medication in type 2 
diabetes [11]. They work by blocking the action 
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of DPP-4, which prevents the degradation of 
gastrointestinal incretins glucagon-like pep-
tide-1 (GLP-1) and glucose-dependent insulino-
tropic polypeptide (GIP). Incretins are a group of 
hormones secreted by gut cells after meal, 
which could induce insulin secretion and inhibit 
glucagon release in a glucose-dependent man-
ner [12-14]. Moreover, DPP-4 inhibitor can also 
slow down food digestion, decrease gastric 
emptying and suppress appetite [12]. Therefore, 
DPP-4 inhibitor can help to regulate blood glu-
cose levels (especially the postprandial glucose 
excursion) with a low propensity of causing 
hypoglycemia or weight gain by protecting 
incretins from degradation.

Given the complementary action of DPP-4 
inhibitor and insulin on glucose regulation, the 
combination of DPP-4 inhibitor with insulin was 
supposed to be a potential treatment strategy 
for poorly controlled T2D patients [15, 16]. 
First, DPP-4 inhibitor lowers the postprandial 
plasma glucose (PPG) levels by decelerating 
gastric emptying, which best complements the 
action of basal insulin on fasting glucose con-
trol [14], and therefore, it offers the potential 
for T2D patients to achieve their target HbAc1. 
Second, patients on insulin treatment often 
manifest a significant insulin resistance and 
might need a higher dose, which can exacer-
bate weight gain and hypoglycemia, while 
DPP-4 inhibitor does not appear to increase the 
risk of hypoglycemia or promote weight gain 
[17, 18]. As such, the combination of DPP-4 
inhibitor and insulin might improve insulin sen-
sitivity and enable insulin dosage to be reduced, 
which could further lower the risk of hypoglyce-
mia and weight gain. Third, unlike other anti-
diabetic agents, Linagliptin (one of the DPP-4 
inhibitors) has a primarily non-renal route of 
elimination, rather it is mainly excreted by the 
bile and gut system, and therefore, it does not 
require dose adjustment in the condition of 
renal or hepatic impairment [19, 20]. This is 
beneficial for the elderly patients and those 
with impaired renal function. Fourth, DPP-4 
inhibitors are administered orally with accept-
able side effects, which can help to improve 
drug compliance and increase medication 
adherence. Finally, data from cardiovascular 
safety studies show that DPP-4 inhibitors do 
not increase the risk of long term vascular com-
plications in type 2 diabetes [21, 22]. 

In light of the above rationale, a number of clini-
cal studies were conducted to assess the effi-
cacy and safety of this combination therapy in 
adult patients with type 2 diabetes. However, 
these studies might not be able to provide suf-
ficient information for clinical condition on their 
own. We, therefore, conducted a meta-analysis 
of RCTs to examine the effect of this combina-
tion therapy on body weight, glycemic control 
and risk of hypoglycemia in adult T2D patients.

Methods

Literature search strategy and selection crite-
ria

We searched the PubMed, Medline, Embase, 
Cochrane Library and ClinicalTrials.gov for rele-
vant records published from January 1, 1990 
to July 31, 2015. Both Medical Subject Heading 
(MeSH) terms and keywords were employed to 
search for potentially eligible records involving 
Dipeptidyl-Peptidase IV Inhibitors and insulin 
(Dipeptidyl-peptidase-IV inhibitor or Dipeptidyl 
peptidase-4 inhibitor or DPP-4 inhibitor or lina-
gliptin or saxagliptin or sitagliptin or alogliptin 
or vildagliptin; insulin or glargine or detemir or 
degludec or NPH). The resulting records were 
combined with diabetes mellitus, type 2 diabe-
tes or T2DM to identify participants with T2D. A 
manual search of the bibliographies of retrieved 
literatures was also performed to identify addi-
tional studies. We considered all potentially eli-
gible studies for further review with no restric-
tion on treatment history or language.

Study selection and data extraction

To identify relevant studies, two independent 
investigators reviewed titles, abstracts and 
keywords of retrieved records. Full-text articles 
were retrieved for further assessment if they 
meet the following criteria: (1) randomized trials 
done in adult patients with T2D; (2) compared 
the combination therapy of DPP-4 inhibitor and 
insulin with placebo or other anti-diabetic 
agents; (3) reported at least one clinical out-
come of interest; (4) had a minimum duration of 
no less than 8 weeks. Studies were excluded if 
(1) they were observational or retrospective 
studies; or (2) the combination treatment of 
DPP-4 inhibitor and insulin was not assessed; 
or (3) the duration was less than 8 weeks; or (4) 
insufficient data were provided for calculating 
the pooled estimates. Two investigators extr- 
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acted data from the identified studies indepen-
dently and disagreements were resolved by 
consensus. The following information were 
extracted: study design of included trials (ran-
domized, open-label, blinded, parallel-group, 
etc.), type of anti-diabetic treatments, trial 
duration, baseline characteristics (number of 
participants, age, male %, racial, duration of 
diabetes, complications, etc.) and outcomes 
[change in body weight, fasting plasma glucose 
(FPG), PPG and HbA1c; the number of partici-
pants achieving a target HbA1c of ≤ 7.0% at the 
endline; and the number of participants with 
any hypoglycemic episodes]. 

Quality assessment

Two independent investigators assessed the 
quality of included studies on the Jadad scale 
[23]. The value of quality ranged from 0 to 5 
points with a score ≥ 3 as high quality, while low 
quality was designated as a score ≤ 2. 
Discrepancies were resolved by consensus. 

Statistical analysis

Changes in body weight and glycemic control 
(HbA1c, FPG and PPG) were reported as con-
tinuous variables, and the pooled estimates of 
the between-group differences for these out-

with p-value < 0.1 to be considered of signifi-
cant bias. Heterogeneity was assessed using 
the Chi-Square test and p-value < 0.1 was con-
sidered statistically significant [25]. STATA 11.2 
statistical software was used in all statistical 
analysis in the current report. 

Results

Description of the studies

One thousand and eleven records from elec-
tronic search with additional 5 from manual 
search were obtained. Title and abstract 
screening excluded 985 papers that did not 
meet the inclusion criteria, leaving 18 records 
for full-text screening, and finally, 7 studies 
were included for the analysis (Figure 1).

The quality of included studies was further 
assessed as described (Table 1). All of these 7 
studies reported detailed randomization meth-
od and were classified as of high quality based 
on the Jadad scaling system [26-32]. Of which, 
6 studies were multicenter [26-28, 30-32], 5 
were double-blind, and 2 were open-label [28, 
29]. The dropout rate varied from 11.3% to 
19.6% among studies. However, only one of 
them was not industry-funded [29].

Figure 1. Flow chart for the selection of literatures.

comes were calculated with 
fixed effects model. Effect 
sizes were presented as 
weighted mean difference 
(WMD) with 95 percent  
confidence interval (95% 
CI). A random effects model 
(DerSimonian-Laird meth-
od) was used when hetero-
geneity between studies 
was statistically significant. 
For categorical outcomes 
such as the number of par-
ticipants having any epi-
sodes of hypoglycemia and 
those achieving an HbA1c 
level of ≤ 7.0%, the pooled 
relative risk was calculated 
under fixed effects model 
when no heterogeneity was 
detected. Risk of publica-
tion bias was evaluated by 
funnel plot and Egger’s test 
[24], which assesses the 
asymmetry of funnel plot 



Combination treatment of DPP-4 inhibitors and insulin in T2DM

14144 Int J Clin Exp Pathol 2015;8(11):14141-14150

The included studies were published between 
2007 and 2013 with a total of 3,384 partici-
pants (Table 2). The sample size ranged from 
124 to 1,261 for each individual study. The pro-
portion of male participants was 49.1% in aver-
age with a mean age of 58 years old (ranged 
from 57 to 74.3 years). Half of the participants 
have had T2D for more than 10 years. 
Intervention duration was 28 weeks in average 
(ranged from 24 to 52 weeks). Mean level of 
HbA1c and weight at baseline were 8.7% 
(ranged from 8.3% to 9.3%) and 85.9 kg (ranged 
from 67.4 to 94.8 kg), respectively. 

Among the 5 currently available DPP-4 inhibi-
tors, sitagliptin was assessed in 3 studies [28, 
29, 31], while the rest of each (saxagliptin, 
vildagliptin, linagliptin and alogliptin) was only 
assessed in one study. The initial combination 
of DPP-4 inhibitor with insulin was evaluated 
only in one study [28], and DPP-4 inhibitor as 
add-on agents to insulin were assessed in 6 
studies. Recruited patients in 4 studies used 
both basal and mixed insulin, while patients 
from other 3 studies only used basal insulin 
with or without other OADs [28, 30, 32]. Five 
studies compared DPP-4 inhibitors with place-
bo on a background of basal or mixed insulin 
therapy with or without other OADs; one study 
compared the combination treatment to basal 
or mixed insulin therapy with dose titration 
based on glucose levels [29]; and one study 
compared the combination treatment with sita-
gliptin plus metformin therapy [28].

Risk of publication bias 

No publication bias was detected by Egger’s 
test for any outcome assessed (Figure 2). The 
p-value for each outcome was listed below:  
the changes in body weight (Figure 2A, p = 
0.85), HbA1c levels (Figure 2B, p = 0.524), FPG 

(Figure 2C, p = 0.386) and PPG levels (Figure 
2D, p = 0.7); the number of participants achiev-
ing an HbA1c of ≤ 7.0% (Figure 2E, p = 0.61), 
and the number of participants with any hypo-
glycemic episodes (Figure 2F, p = 0.924). 

The effect of intervention

Six out of 7 studies with 3,167 participants 
evaluated changes in body weight [26, 27, 
29-32]. Pooled data showed no significant dif-
ference in terms of body weight change (-0.11 
kg; 95% CI -0.56 to 0.33) between the DPP-4 
inhibitor plus insulin therapy and other anti-
diabetic treatments, but a significant heteroge-
neity was detected (I2 = 69.4%, P = 0.006) 
(Figure 3A). All seven studies involving 3,384 
patients assessed the change of HbA1c levels. 
Our analysis revealed that the combination 
therapy of DDP-4 inhibitor and insulin led to a 
greater reduction for HbA1c level (-0.52%; 
-0.59 to -0.44) absent of a significant heteroge-
neity (I2 = 0%, P = 0.465) (Figure 3B). Pooled 
analysis of 7 studies that assessed the change 
in fasting glucose levels showed a glucose low-
ering tendency for the combination treatment, 
but did not reach a statistical significance 
(-0.68 mmol/l; -1.40 to 0.04) (Figure 4A). Four 
out of 7 studies with 1,437 patients evaluated 
the change of 2h-postprandial glucose levels, 
and pooled analysis indicated a greater reduc-
tion for PPG levels in favor of the combination 
treatment (-1.81 mmol/l; -2.23 to -1.38), and 
no significant heterogeneity was detected (I2 = 
24.8%, P = 0.263) (Figure 4B) [26, 28, 29, 31]. 
Five out of 7 studies with 2,698 patients 
assessed the proportion of patients reaching 
the target HbA1c (≤ 7%) [26, 28, 29, 31, 32], 
and compared with other treatments, the com-
bination therapy of DPP-4 inhibitor and insulin 
manifested a higher propensity in achieving 
this goal (RR 2.24; 95% CI 1.80 to 2.77) without 

Table 1. Analysis for the quality of included studies

Study Multicenter Sequence 
generation

Allocation 
concealment

Double 
blinding

With-
drawn (%) Score ITT analysis Industry 

funded
Hollander 2011 Yes Yes Yes No 15.2 3 Not informed Yes
Barnett 2012 Yes Yes Yes Yes 11.3 5 Not informed Yes
Hong 2012 No Yes Yes No 11.4 3 Yes No
Vilsbol 2010 Yes Yes Yes Yes 12.0 5 Not informed Yes
Yki-Jarvinen 2013 Yes Yes Yes Yes 15.7 5 No Yes
Fonseca 2007 Yes Yes Yes Yes 19.6 4 Yes Yes
Rosenstock 2009 Yes Yes Yes Yes 18.2 5 Yes Yes



Combination treatment of DPP-4 inhibitors and insulin in T2DM

14145 Int J Clin Exp Pathol 2015;8(11):14141-14150

Table 2. Results for clinical manifestations of included studies 
Intervention Subjects Baseline outcomes

Author Background treatment Study arms Duration 
(wk) No. Male (%) Age (y) Disease 

duration (y)
BMI 

(kg/m2) Weight (kg) HbA1c 
(%)

Hollander 2011 MET ± OADs Determir + sitagliptin vs. sitagliptin 26 217 54.4 57 9.8 31.9 90.7 8.5
Barnett 2012 Basal or premixed insulin ± MET Saxagliptin vs. placebo 24 455 41 57.3 12 32.2 87.0 8.7
Hong 2012 Basal or mixed insulin ± OADs  Sitagliptin vs. insulin 24 124 52.4 59.2 15.9 25.6 67.4 9.2
Vilsbol 2010 Basal or premixed insulin ± MET Sitagliptin vs. placebo 24 641 50.9 57.8 12.5 31 86.9 8.7
Yki-Jarvinen 2013 Basal insulin ± MET ± pioglitazone Linagliptin vs. placebo 52 1261 52.2 60 Not informed 31 Not informed 8.3
Fonseca 2007 Basal or mixed insulin Vildagliptin vs. placebo 24 296 51.4 59.3 14.7 33.1 94.8 8.4
Rosenstock 2009 Basal insulin ± MET Alogliptin vs. placebo 26 390 41.3 55.4 12.6 32.5 88.5 9.3
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a significant heterogeneity (I2 = 0%, P = 0.797) 
(Figure 5A). Pooled analysis of 7 studies that 
examined the relative risk of hypoglycemia 
showed no significant difference between the 
combination therapy (RR 1.04; 0.83 to 1.31) 
and other anti-diabetic treatments, while a sig-
nificant heterogeneity was noted (I2 = 58.5%, P 
= 0.025) (Figure 5B).

Discussion

Although insulin therapy is thus far the main-
stay for treatment of patients with inadequately 
controlled glucose levels by oral anti-diabetic 
drugs (OADs), while insulin therapy alone some-
times also fails to provide good results for 

those patients, indicating the requirement of 
combination therapy (i.e., insulin combined 
with other anti-diabetic agents) for this particu-
lar group of patients. We thus in the current 
report conducted a meta-analysis to assess 
the effect of combination therapy on body 
weight, glycemic control and risk of hypoglyce-
mia in adult patients with T2D. By analysis of 7 
studies involving a total of 3,384 patients, we 
demonstrated that the combination therapy of 
DPP-4 inhibitor and insulin on adult T2D 
patients is moderately effective in improving 
glycemic control without increasing the risk of 
hypoglycemia or causing weight gain as com-
pared with that of other anti-diabetic treat-
ments. Our findings were consistent across dif-

Figure 2. Funnel plot with Egger’s test was employed to assess the risk of publication bias for the changes in (A) 
body weight (kg), (B) HbA1c (%), (C) FPG (mmol/l), (D) PPG (mmol/l), (E) relative risk for HAb1c ≤ 7.0%, and (F) rela-
tive risk for hypoglycemia episodes.
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ferent types and sizes of trials and strongly sup-
ported the effectiveness and safety of this 
combination therapy in the management of 
type 2 diabetes.

Recent developments in pharmacology and 
clinical medicine have largely promoted new 
drug development and treatment optimization 

to minimize hypoglycemia. Second, DPP-4 
inhibitor is weight-neutral overall but possess-
es a favorable weight profile relative to thiazoli-
dinedione or sulfonylureas [37, 38], which is an 
advantage when considering agents for combi-
nation treatment. Third, the elderly patients, 
who tend to have predominant postprandial 
hyperglycemia, would gain more benefits from 

Figure 3. Outcomes for the comparison of body weight (A) and HbA1c (%) (B) 
of combination therapy (DPP-4 inhibitors and insulin) with placebo or other 
anti-diabetic agents in patients with type 2 diabetes by Forest plots. 

Figure 4. Results assessed by Forest plots for the combination treatment of 
DPP4 inhibitors and insulin with placebo or other anti-diabetic agents in T2D 
patients for FPG (mmol/l) (A) and PPG (mmol/l) (B). 

in type 2 diabetes [2, 13]. 
However, limitations of cur-
rently available treatments 
have vented the achievement 
of glycemic goals. Particularly, 
some anti-diabetic agents 
(e.g., insulin, thiazolidinedione 
and sulfonylurea) may some-
how manifest greater efficacy 
at the expense of dose-related 
side effect such as hypoglyce-
mia, edema and weight gain 
[33, 34]. More importantly, no 
anti-diabetic treatment has 
been shown to be long term 
effective in preventing beta 
cell deterioration and disease 
progression [35]. In this con-
text, DPP-4 inhibitor which 
improves glycemic control 
with a favorable side-effect 
profile is therefore of interest. 
First, it is associated with a 
low risk of hypoglycemia [18]. 
An intriguing hypothesis for 
the underlying mechanism is 
that DPP-4 inhibitor restores 
pancreatic alpha cell function 
and improves its ability to 
sense and respond to chang-
es in plasma glucose levels. It 
is believed that DPP-4 inhibi-
tor mediates the suppression 
of inappropriate glucagon 
secretion in the presence of 
hyperglycemia while enhanc-
es the stimulatory effect of 
glucose on alpha cell during 
hypoglycemia [12, 13]. How- 
ever, hypoglycemia can still 
occur, especially when DPP-4 
inhibitor is applied with insulin 
secretagogues such as sulfo-
nylureas [36]. Therefore, once 
it was employed in combina-
tion, the dose of insulin secre-
tagogues should be adjusted 
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DPP-4 inhibitor treatment due to its glucagon 
lowering effect [39]. Based on the above knowl-
edge, the combination of DPP-4 inhibitor and 
insulin was suggested as a promising treat-
ment strategy for improving glycemic control 
while attenuating insulin-related risks in T2D 
patients.

Several limitations for our analysis are neces-
sary to point out. First, except one study with a 
trial duration of 52 weeks, the others were in 
short durations (less than 30 weeks), which 
limits the assessment of long term efficacy and 
safety of this combination treatment. Second, 
the included studies were generally of good 
quality, while there were still some factors that 
might introduce bias such as the use of open-
label studies and being industry funded. 
Moreover, the implementation of insulin dose 
titration was not consistent in studies included 
in our meta-analysis, which rendered the inter-
pretation of results with difficulty. Third, the 
included participants in this analysis were pre-
dominantly white and specific data for other 
races were not provided. As a result, the differ-
ential effect of this combination therapy could 
not be assessed by race or ethnicity. 
Furthermore, the ideal timing of initiating this 
combination therapy for dealing with type 2 dia-
betes is not clear. Generally, insulin and DPP-4 
inhibitors were used as the second or third-line 

In conclusion, our data indicate that the combi-
nation treatment of insulin and DPP-4 inhibitor 
is beneficial in terms of glycemic control. 
However, additional studies are warranted to 
establish the optimal approach for its applica-
tion in clinical practice.
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