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ABSTRACT

Purpose: The goal of this study was to assess the
effect of glucagon-like peptide-1 receptor agonists (GLP-
1 RAs) on lipid profiles in patients with type 2 diabetes.

Methods: The MEDLINE, Embase, Cochrane Li-
brary, and ClinicalTrials.gov databases were searched
from inception through October 31, 2013. Random-
ized controlled trials with available data were selected
if they compared GLP-1 RAs with placebo and tradi-
tional antidiabetic drugs with a duration Z8 weeks.
The weighted mean difference for changes in lipid
profiles was estimated by using the random effects
model, and a network meta-analysis was performed to
supplement direct comparisons.

Findings: Thirty-five trials with 13 treatments were
included in the analysis. GLP-1 RAs decreased HDL-C
with a range of –0.06 mmol/L (95% CI, –0.11 to –0.01)
to –0.13 mmol/L (95% CI, –0.17 to –0.10) compared
with thiazolidinediones, whereas thiazolidinediones were
associated with a significant increase in HDL-C com-
pared with placebo (0.09 mmol/L [95% CI, 0.06 to
0.12]). A significant reduction in LDL-C was detected
for all GLP-1 RAs versus placebo (range, –0.08 to –0.16
mmol/L), insulin (range, –0.10 to –0.19 mmol/L), and
thiazolidinediones (range, –0.16 to –0.24 mmol/L).
Exenatide, liraglutide 1.8 mg once daily, and taspoglu-
tide decreased total cholesterol with a range of –0.16
mmol/L (95% CI, –0.26 to –0.06) to –0.27 mmol/L

(95% CI, –0.41 to –0.12) versus placebo and thiazoli-
dinediones (range, –0.26 to –0.37 mmol/L). The de-
creased effect was more evident in exenatide long-acting
release and liraglutide 1.8 mg once daily. A significant
reduction in triglyceride levels was observed with lir-
aglutide 1.8 mg once daily (–0.30 mmol/L [95% CI,
–0.49 to –0.11]) and taspoglutide 20 mg once weekly
(–0.17 mmol/L [95% CI, –0.31 to –0.01]) versus placebo.

Implications: GLP-1 RAs were associated with mod-
est reductions in LDL-C, total cholesterol, and triglycer-
ides but no significant improvement in HDL-C. Further
evidence is needed to determine if improvements in lipid
profiles might translate into reductions in cardiovascular
outcomes. (Clin Ther. 2015;37:225–241) & 2015 Elsev-
ier HS Journals, Inc. All rights reserved.
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INTRODUCTION
An increasing number of patients with type 2 diabetes
mellitus (T2DM) are being treated with glucagon-like
peptide-1 receptor agonists (GLP-1 RAs).1,2 As a new
class of antidiabetic agents based on incretin therapy,
GLP-1 RAs can stimulate insulin secretion, improve
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insulin resistance, and slow gastrointestinal motility.3–5

Exenatide* and liraglutide,† the two earliest GLP-1
RAs, were approved by the US Food and Drug
Administration in 2005 and 2010, respectively.6,7

Albiglutide‡ and lixisenatide§ were approved by the
European Medicines Agency in 2013. Taspoglutide is
currently in Phase III clinical trials.

Given the insulin-resistant state and metabolic dis-
turbances among patients with T2DM, dyslipidemia is
a common comorbidity.8 The typical lipid profile in
T2DM patients usually includes decreased HDL-C and
elevated LDL-C, triglycerides (TG), and total choles-
terol (TC). The combination of a poorly controlled
lipid profile and blood glucose level plays an important
role in the pathogenesis of atherosclerosis; this combi-
nation greatly increases the risk of cardiovascular
complications such as heart failure, myocardial infarc-
tion, and stroke, as well as total mortality.8–12 Accord-
ing to the Quebec Cardiovascular Study, the
combination of diabetes, elevated small dense LDL-
C, and elevated apolipoprotein B synergistically con-
fers a 20-fold increased risk for cardiovascular
events.12 Treatment guidelines recommend aggressive
management of lipid profiles; such treatment is
believed to be associated with a comprehensive risk
reduction in cardiovascular disease.9–11 Therefore, in
addition to adequate glycemic control, it is critical for
T2DM patients to better manage these cardiovascular
risk factors (including HDL-C, LDL-C, TC, and TG)
to achieve favorable cardiovascular safety profiles.
Interestingly, several clinical trials for GLP-1 RAs have
shown an improvement in lipid profiles, although the
mechanisms are not clearly understood. Similar results
were indicated in a meta-analysis of the LEAD-6
(Liraglutide Effect and Action in Diabetes) trials for
liraglutide.13 However, these studies were all
evaluations of head-to-head comparisons of various
GLP-1 RAs versus placebo or active comparator drugs,
and most of them only evaluated exenatide and liraglu-
tide. Thus far, few studies included all kinds of
GLP-1 RAs simultaneously to assess if there are
differences in lipid profiles between any two of

them. In addition, no study evaluated the impact of
different dosages on lipid profiles within each GLP-
1 RA.

The goal of the present study was to summarize the
current evidence of GLP-1 RAs on lipid profiles in
patients with T2DM. An additional network meta-
analysis was conducted to assess the robustness of the
pairwise meta-analysis, supplement missing evidence
of head-to-head comparisons by combining both
direct and indirect evidence, and rank treatments in
the evidence network.

MATERIALS AND METHODS
Search Strategy

The MEDLINE, Embase, and Cochrane Library
databases were searched from inception to October
31, 2013. The following search strategy for Ovid-
MEDLINE was adapted for other databases: (1) exp
glucagon-like peptide-1 agonists/; (2) (glucagon like
peptide* or GLP-1).tw.; (3) (exenatide or liraglutide).
tw.; (4) randomized controlled trial.pt.; (5) (randomized
or randomised).tw.; and (6) (1 or 2 or 3) and
(4 or 5). In addition, completed but unpublished
trials were identified from the ClinicalTrials.gov
website by using a similar search strategy. The
bibliographies of published systematic reviews13,14 were
also searched.

Study Selection
Only randomized controlled trials with available

data on lipid profiles in which GLP-1 RAs were
compared with placebo, active antidiabetic drugs, or
other kinds of GLP-1 RAs in patients with T2DM
were included in the analysis. The duration of trials
was at least 8 weeks. Any ongoing or completed
studies but with no results on the ClinicalTrials.gov
website were excluded from the analysis. The eligi-
bility of studies for inclusion criteria was assessed
independently by 4 reviewers (S.S.W., Z.R.Y., Y.Z.,
and S.B.C.) in duplicate.

Clinical Dosage of GLP-1 RAs
Only dose arms that are likely to be used in routine

clinical practice were included in the analysis. Trials
or arms using nonstandard dosages, especially those
from dose-ranging studies, were excluded. The stand-
ard exenatide regimens are 5 μg BID (EX5BID), 10 μg
BID (EX10BID), and 2 mg once weekly (EXELAR).
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