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Efficacy and safety of liraglutide versus sitagliptin
both in combination with metformin in patients
with type 2 diabetes
A systematic review and meta-analysis
Mingxing Li, MSca, Yi Yang, MSca, Deqi Jiang, PhDb, Miaofa Ying, BSa, Yong Wang, PhDc, Rui Zhao, PhDa,∗

Abstract
Background: The aim of this systematic review was to evaluate the efficacy and safety of liraglutide versus sitagliptin both in
combination with metformin in patients with type 2 diabetes and provide reference basis for rational use of clinical drugs.

Methods:Several databases were searched, includingWeb of science, PubMed, Cochrane library, CNKI, andWanfang database.
Only randomized controlled trials (RCTs) of liraglutide versus sitagliptin both in combination with metformin up to 31 August 2016
were included. Data were extracted independently by 2 reviewers, and a fixed or random effects model were used to analyze
outcomes that were expressed as odds ratio (OR) or mean difference (MD) and 95% confidence intervals (95% CIs) for different
situations.

Results: Five RCTs involving 1440 participants were included. Compared with sitagliptin combination with metformin group,
participants’ treatment with 1.2mg and 1.8mg liraglutide with metformin could significantly lower the level of glycosylated
hemoglobin (HbA1c) (P< .00001, MD=�0.35, 95% CI �0.51 to �0.20). Moreover, patients with 1.8mg liraglutide group had
significant body weight loss (P< .00001, MD=�1.12, 95% CI �1.54 to �0.70). However, there were no obvious differences in
cutting down the systolic blood pressure and diastolic blood pressure between liraglutide-metformin and sitagliptin-metformin
groups. The incidence of gastrointestinal problems was significantly higher than sitagliptin with metformin groups.

Conclusion:The results of this meta-analysis indicated that Liraglutide added on to metformin therapy could significantly lower the
level of HbA1c and increase body weight loss. Meanwhile, the adverse reactions such as gastrointestinal problems were common in
the liraglutide treatment group. Thus, this will provide an important reference for the treatment of patients with type 2 diabetes.

Abbreviations: CIs = confidence intervals, DM = diabetes mellitus, HbA1c = glycosylated hemoglobin, MD = mean difference,
OR = odds ratio, RCTs = randomized controlled trials, T2DM = type 2 diabetes mellitus.
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1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disease with main
clinical etiologies of hyperglycemia and microvascular complica-
tions, and hyperglycemia primary resulting from defects in insulin
secretion, insulin action, or both.[1] Globally, there are 415million
people with diabetes and the death toll of diabetes hit 5 million in
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2015; moreover, the diabetes population is expected to rise to 642
million by 2040.[2]DMwas divided into type 1and type 2 diabetes,
and about 90% of DM patients are diagnosed with type 2 DM
(T2DM). Good glycemic control plays an vital role in regulating
blood glucose balance and reducing the occurrence of microvas-
cular complications, including nephropathy, neuropathy, and
retinopathy.[3] Unfortunately, the traditional therapeutic drugs for
T2DMcould not effectively control hyperglycemia, and frequently
occurring side effects remain a big problem.
Metformin, a synthetic biguanide considered as thefirst-line oral

hypoglycemic agent can be used for monotherapy and combina-
tion therapy for T2DM; this recommendation is based on
metformin’s glucose-lowering effects, lower level of side effects,
and cost.[4] According to the prospective studyofUnitedKingdom,
metformin could reduce the risk of diabetes-related complications
and mortality; metformin not only exercised strong control in
blood glucose levels of obese patients with T2DMbut also proved
to be effective in normal-weight patients.[5] Initially, metformin
monotherapy is often effective, although the effect of glucose
control is limited after all, so a second agent is often required in
most patients. Currently, metformin can be combined with insulin
secretagogue, sulfonylureas, dipeptidyl peptidase-4 (DPP-4)
inhibitors, and glucagon-like polypeptide-1 (GLP-1) agonist to
reduce glycosylated hemoglobin (HbA1c) and achieve better
effects on glucose control.[6,7]
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Liraglutide is a human GLP-1 analogue approved in T2DM
therapy in some countries. Recent scientific study showed that
liraglutide had better glycemic control without major damages in
renal function and increase in hypoglycemia risk.[8] Tanaka
et al[9] assessed the efficacy and safety of liraglutide monotherapy
compared with metformin monotherapy in Japanese obese
patients with type 2 diabetes; the results showed that liraglutide
and metformin monotherapy were similar in reducing the level of
HbA1c, and no differences in weight gain and incidence of
hypoglycemia were exhibited in the therapies. Later, another
study found that liraglutide was very effective and well tolerated
as a combination therapy with metformin in T2DM.[10]

Sitagliptin is a DPP-4 inhibitor that is effective in cutting down
the level of HbA1c in patients with T2DM. In a 4-year clinic trial,
final results showed that sitagliptin-metformin therapy could
significantly lower the level of blood glucose without any serious
adverse reactions or bad tolerance.[11] Recent studies on the
efficacy of GLP-1 receptor agonist and DPP-4 inhibitors failed to
draw rational conclusions in terms of concrete indicators such as
body weight, blood pressure, and adverse reactions. Besides,
liraglutide, and sitagliptin are the most commonly used GLP-1
receptor agonist and DPP-4 inhibitors for type 2 diabetes in
China, and they add on to metformin achieving better treating
effects on glucose control. Therefore, the purpose of our study
was to comprehensively summarize the efficacy and safety of
liraglutide versus sitagliptin both in combination with metformin
in T2DM by retrieving data published.
Figure 1. Flow diagram for identification of studies in meta-analysis.
2. Methods

2.1. Search strategy

We searched the electronic databases, including PubMed,
Cochrane library, CNKI, Web of science, and Wanfang database
without language restriction. We used the following words and
subject terms in this search: “glucagon like polypeptide-1or
liraglutide” and “dipeptidyl peptidase-4 inhibitors or sitagliptin”
and “metformin” and “diabetes or diabetes mellitus or type 2
diabetes mellitus”; and we set the publication deadline on August
31, 2016, before conducting the literature search.

2.2. Study selection criteria

Inclusion criteria are as follows. First, all participants were aged
18 to 80 years old, and they were diagnosed with T2DM based
on the standards criteria of American Diabetes Association
(ADA).[12] Second, randomized controlled trials (RCTs) were
taken to compare the efficacy and safety of liraglutide versus
sitagliptin both in combination with metformin in patients with
T2DM. Third, the patients had HbA1c of 7.5% to 10.0% and
body mass index (BMI) �45kg/m2, and had been treated with
metformin monotherapy (≥1500mg daily) for 3 months or
longer. Fourth, all patients had minimum treatment duration of
16 weeks and availability of a full text publication. Fifth, the
outcomes should contain the changes of HbA1c, body weight,
systolic blood pressure (SBP), diastolic blood pressure (DBP), and
side effects. Articles with significant shortcomings in study
protocol or data analysis were excluded.

2.3. Data extraction

Two investigators independently extracted data using a stan-
dardized tool. On the basis of the inclusion criteria, the reviewers
(ML and YY) carefully scrutinized the baseline characteristics of
2

participants, study design, daily dose of liraglutide and
sitagliptin, and subsequent outcomes.
2.4. Quality assessment

The methodological quality of all included studies was evaluated
according to the Cochrane risk of bias tool.[13] Each study was
scored on a scale of 0 to 7. Any disagreements during the process
of data extraction and quality assessment were resolved by
consultation. For this type of study, ethical approval and
informed consent are not required.
2.5. Statistical analysis

We performed traditional meta-analysis to analyze the outcomes
using RevMan software 5.3. (The software was released by the
cochrane Collaboration, the Nordic Cochrane Centre, Copen-
hagen, Denmark) For dichotomous data, the outcomes were
expressed as the odds ratio (OR) and 95% confidence intervals
(95% CIs). For continuous outcomes, we used mean difference
(MD) with 95% CI. The Chi-square test based Q-statistic and I2

statistic were used to assess heterogeneity. Substantial heteroge-
neity were considered as I2 values of 50% or more, and
significant heterogeneity difference showed when P< .05. The
fixed-effects model was used when I2 values were less than 50%,
otherwise the random-effects model should be applied instead.
All included studies were evaluated in terms of the risk of bias
using the Cochrane risk of bias tool, and sensitivity analysis was
conducted by excluding the mixed studies that lead to potential
bias. All P values are 2-tailed.
3. Results

3.1. Description of the studies

After primary search from the databases, 445 references in
English and 8 references in Chinese were sorted out. Finally,
5 studies[14–18] met the inclusion criteria and were selected for
our study (Fig. 1). The main characteristics of the studies are
summarized in Table 1. A total of 1440 participants were
included in 5 studies and 829 participants were randomized and



Table 1

Characteristics of RCTs included in the meta-analysis.

Study/year
Study
design

Included
number Mean age Gender

Study
duration, Regimen per day, mg

L+M/S+M
L, mg

S
Male/
female wk L S M Outcomes Quality1.2 1.8

Pratley et al[14] ROLCT 446/219 55.9 55.0 55.0 352/313 26 1.2 1.8 100 1500 HbA1c, BW, Safty 5
King et al[16] ROLCT 72/61 58.5 56.8 70/63 26 1.8 100 1500 HbA1c, BW, Safty 3
Charbonnel et al[15] ROLCT 253/269 57.6 56.9 358/164 26 1.8 100 1500 HbA1c, BW, SBP, DBP, Safty 4
Rui et al[18] ROLCT 40/46 52.0 54.0 66/20 24 1.8 100 1500 HbA1c, SBP, DBP, BW, Safty 3
Bin et al[17] ROLCT 18/16 35.2 33.4 18/16 16 1.2 100 1500 HbA1c, Safty 2

BW=body weight, DBP=diastolic blood pressure (mm Hg), HbA1c=glycosylated hemoglobin, L= liraglutide, M=metformin, ROLCT= randomized open-label controlled trial, S= sitagliptin, SBP= systolic
blood pressure (mm Hg).
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injected subcutaneously with liraglutide and 611 with sitagliptin.
The daily dosages of liraglutide were 1.2 or 1.8mg, 100mg
sitagliptin was taken orally once daily, and 1500mg metformin
was input orally on a daily basis. All RCTs were carried out more
than 16 weeks. All included studies were evaluated in terms of the
risk of bias using the Cochrane risk of bias tool; the results are
shown in Fig. 2. For allocation concealment, blinding of
participants, and personnel and blinding of outcome assessment,
only 3 of the 5 studies provided details. The largest risk of bias
was the selection bias. All studies had a Jadad score, and only 1 of
the 5 studies scored more than 5; the other 4 got scores of less
than or equal to 4.
Figure 2. Risk of bias summary. Red (-), high risk of bias; yellow (?), unclear risk
of bias; green (+), low risk of bias.
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3.2. Glycosylated hemoglobin (HbA1c)

In this meta-analysis, we examined the HbA1c changes of all the
1419 individuals involved. Random effect models were used to
analyze this outcome because of the moderate heterogeneity
between the 2 groups (P= .05, I2=56%). Subgroup analyses
were performed based on the dosages of liraglutide. As shown in
Fig. 3, 1.2 and 1.8mg liraglutide combination with metformin
displayed better efficacy to control the level of HbA1c than
sitagliptin with metformin (P< .00001, MD=�0.35, 95% CI
�0.51 to �0.20).

3.3. Body weight

Four studies involving 1182 patients investigated the changes of
body weight. The results are shown in Fig. 4, and fixed effect
models were used to analyze the data, as heterogeneity between
the 2 groups was low (P= .18, I2=38%). Compared with
sitagliptin combination with metformin therapy, 1.8mg liraglu-
tide with metformin could significantly control weight gain
(P< .00001, MD=�1.12, 95% CI �1.54 to �0.70).

3.4. SBP and DBP

Two trials with a total of 637 patients measured the SBP and DBP
changes in this meta-analysis. Fixed effect models were used to
analyze this outcome, as there is no heterogeneity between the 2
groups (SBP, P= .69, I2=0%; DBP, P= .83, I2=0%) in Fig. 5.
Compared with sitagliptin combination with metformin group,
the therapy of 1.8mg liraglutide with metformin showed no
significant difference in lowering the SBP and DBP (SBP, P= .12,
MD=�1.35, 95%CI�0.35 to 0.36; DBP, P= .88, MD=�0.07,
95% CI �0.92 to 0.79).

3.5. Safety

In the treatment process, gastrointestinal complaints were the
most common adverse effects in liraglutide combination with
metformin group and sitagliptin withmetformin group. Themain
side effects included dyspepsia, nausea, diarrhea, and vomiting.
The results are shown in Figs. 6 and 7; subgroup analyses and
fixed effect models were used to assess the adverse reactions. As
expected, in the cases of 1.8mg liraglutide, the incidents of
dyspepsia, diarrhea, and vomiting were significantly higher than
sitagliptin with metformin group (P< .0001, OR=3.81, 95% CI
1.97–7.38; P< .00001, OR=3.43, 95% CI 2.09–5.64; P
< .0001, OR=3.20, 95% CI 1.82–5.63). In addition, more
patients showed symptom of nausea in the therapies of 1.2 and
1.8mg liraglutide (P< .00001, OR=6.39, 95% CI 4.41–9.25).

http://www.md-journal.com


Figure 3. Comparison the level of HbA1c of 1.2 and 1.8mg liraglutide with sitagliptin when added on to metformin. L= liraglutide, M=metformin, S=sitagliptin.

Figure 4. Effects of 1.8mg liraglutide versus sitagliptin on the body weight when added on to metformin. L= liraglutide, M=metformin, S=sitagliptin.
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3.6. Sensitivity analysis

We implemented a sensitivity analysis using the method of
combined data (random or fixed effect models). The value of MD
Figure 5. Effects of 1.8mg liraglutide versus sitagliptin on the SBP and DBPwhen a
L= liraglutide, M=metformin, S=sitagliptin, SBP=systolic blood pressure.

4

or ORwas close in random or fixed effect models, and the overall
effect was similar. Meanwhile, we also performed a sensitivity
analysis by excluding the mixed and potential biased studies, and
the results exhibited no significant difference.
dded on to metformin. (A) For SBP (B) For DBP. DBP=diastolic blood pressure,



Figure 6. The summary of the occurrence of dyspepsia, diarrhea, and vomiting in this meta-analysis. L= liraglutide, M=metformin, S=sitagliptin.

Figure 7. The summary of the occurrence of nausea in 1.2 and 1.8mg liraglutide versus sitagliptin when added on to metformin. L= liraglutide, M=metformin,
S=sitagliptin.

Li et al. Medicine (2017) 96:39 www.md-journal.com
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4. Discussion

DM is a syndrome characterized by cutting down insulin
production or increasing insulin resistance, and patients with DM
often suffer from hyperglycaemia.[19] DM-related complications
include neuropathy, nephropathy, retinopathy, cerebrovascular,
and cardiovascular diseases, all of which would undermine life
quality and increase the burden on individuals.[20–22] Currently,
the ADA and the European Association for the Study of Diabetes
(EASD) suggested that the management of patients with T2DM
should be focused on better control of blood glucose level to
ensure HbA1c �7%, lifestyle change of patients, including
smoking cessation, controlling blood pressure, and lipid levels in
a suitable range.[23]

Metformin stands out as an old first-line oral hypoglycemic
drug; the drug not only reduces appetite and intestinal absorption
of carbohydrate but also inhibits hepatic gluconeogenesis and
increases glucose uptake, leading to a lower level of blood glucose
and weight decline, thus playing an important role in treating
endothelial dysfunction and cardiovascular outcomes.[24,25]

Many clinical trials proved that metformin could be combined
with other anti-diabetes agents in a safe and efficacious manner to
keep Hb1Ac within a normal range and control body weight in
treating patients with T2DM.[26] Furthermore, the combinations
of metformin and other drugs may have an additive effect on
insulin secretory and insulin-sensitizing model.
Liraglutide is a GLP-1 analogue with a 97% structural

homology to native GLP-1; the half-life was about 13hours.[27,28]

It can bound with b cells specific receptors through activation of
adenosine enzyme, enhance the secretion of glucose-dependent
insulin, and inhibit the secretion of glucagon, reduce appetite,
and restrain gastric emptying, so as to regulate blood glucose
level and control weight.[9] Some trials had demonstrated that
Liraglutide was beneficial to glycemic control, dose-dependent
weight loss, lowered SBP, and enhanced b cells function.[29,30]

Therefore, it provides an effective option for T2DM and obesity.
Sitagliptin is a DDP-4 inhibitor in that it could increase the levels
of GLP-1 and glucose-dependent insulinotropic polypeptide, and
promoted the secretion of insulin and glycemic control.[31] Many
studies had evaluated the efficacy and safety of sitagliptin
monotherapy versus combination with metformin for T2DM; the
results showed that sitagliptin has a low risk of hypoglycemia and
neutral weight; it could promote glucose-dependent insulin
secretion and increase the level of GLP-1, offering an attractive
initial combination therapy for T2DM.[32]

In our meta-analysis, the results showed that liraglutide
combination with metformin was more effective in reducing the
level of HbA1c than sitagliptin with metformin (P< .00001). We
performed a subgroup analysis to evaluate this result based on the
dosages of liraglutide. The results showed that 1.2 and 1.8mg
liraglutide significantly lowered HbA1c by 0.31% and 0.38%,
respectively. For body weight loss, the results indicated that
liraglutide added on tometformin reduced bodyweight by 1.12kg,
which is likely to be associated with an increased stimulation of
GLP-1 receptorby liraglutide.Ameta-analysis into9RCTsof2981
patients receiving liraglutide showed that liraglutide in all dosages
added on to metformin significantly lowered body weight, while
the effect of exercising control is less desirable.[33] Other clinical
trials found that DDP-4 inhibitor sitagliptin had a negligible
effect.[34] As obesity is one of the leading factors in the development
of diabetes, the anti-diabetes agents should be effective on weight
loss; thus, it could reduce the occurrence of cardiovascular and
cerebrovascular disease and cut down mortality.
6

With regard to blood pressure, our results found that there
were no significant declines in SBP and DBP in the 2 groups.
Pratley et al[35] also demonstrated that no significant decline in
SBP was found and 1.8mg liraglutide could reduce the DBP. As
for the side effects, we found that most of them were moderate
and mild; gastrointestinal problems, dyspepsia, nausea, diarrhea,
and vomiting reaction, in particular, were more frequent with
liraglutide combination with metformin group than the sitaglip-
tin group. Some studies have also found that the frequency of
nausea was higher with liraglutide in the early stage of
medication, and then the occurrence of nausea was similar to
that with sitagliptin in later weeks.[36,37]

However, there were some limitations in this meta-analysis
that should be taken into accounts. First, 5 RCTs were included,
while 3 of them had small sample sizes, so the results might be
overestimated. Second, data in this meta-analysis only came from
published literature, and some negative data were difficult to
extract, resulting in the publication bias. Last but not the least,
heterogeneity existed in the selected trials; we performed the
subgroup analysis based on the dosages of liraglutide to
determine the potential heterogeneity. Therefore, larger sample
size and more sufficient data are needed to assess the efficacy and
safety of the therapies in the future.
5. Conclusion

Our meta-analysis indicates that liraglutide added on to
metformin has a better control of HbA1c level and body weight
loss than the sitagliptin–metformin combination. Moreover, no
serious adverse reactions were shown in these results. On the
basis of these outcomes, we concluded that liraglutide is more
effective than sitagliptin when added on to metformin for the
treatment of T2DM, while gastrointestinal problems were a
common side effect worth mentioning in the sitagliptin-
metformin therapy. However, considering the poor methodolog-
ical quality of the studies included and the potential limitation in
this meta-analysis, future studies with larger sample and high-
quality RCTs are needed to confirm these conclusions.
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