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■ Abstract 

Glucagon-like peptide-1 (GLP-1) receptor agonists are a 

class of injective anti-diabetic drugs that improve glycemic 

control and many other atherosclerosis-related parameters 

in patients with type 2 diabetes (T2D). However, the use of 

this relatively new class of drugs may be associated with cer-

tain adverse effects. Concerns have been expressed regard-

ing the effects of these drugs on pancreatic and thyroid tis-

sue, since animal studies and analyses of drug databases in-

dicate an association of GLP-1 receptor agonists with pan-

creatitis, pancreatic cancer, and thyroid cancer. However, 

several meta-analyses failed to confirm a cause-effect rela-

tion between GLP-1 receptor agonists and the development 

of these adverse effects. One benefit of GLP-1 receptor ago-

nists is that they do not cause hypoglycemia when combined 

with metformin or thiazolidinediones, but the dose of con-

comitant sulphonylurea or insulin may have to be decreased 

to reduce the risk of hypoglycemic episodes. On the other 

hand, several case reports have linked the use of these 

drugs, mainly exenatide, with the occurrence of acute kid-

ney injury, primarily through hemodynamic derangement 

due to nausea, vomiting, and diarrhea. The most common 

symptoms associated with the use of GLP-1 receptor ago-

nists are gastrointestinal symptoms, mainly nausea. Other 

common adverse effects include injection site reactions, 

headache, and nasopharyngitis, but these effects do not usu-

ally result in discontinuation of the drug. Current evidence 

shows that GLP-1 receptor agonists have no negative effects 

on the cardiovascular risk of patients with T2D. Thus, GLP-1 

receptor agonists appear to have a favorable safety profile, 

but ongoing trials will further assess their cardiovascular 

effects. The aim of this review is to analyze critically the 

available data regarding adverse events of GLP-1 receptor 

agonists in different anatomic systems published in Pubmed 

and Scopus. Whenever possible, certain differences between 

GLP-1 receptor agonists are described. The review also pro-

vides the reader with structured data that compare the rates 

of the most common adverse effects for each of the various 

GLP-1 receptor agonists. 
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1. Introduction 
 

 he incidence of carbohydrate metabolism de- 
 rangements and many cardiovascular and 
 renal complications is increasing [1-4]. Vari-

ous classes of drugs have proved useful in the 
management of patients with type 2 diabetes 
(T2D) and its complications [1, 5-12]. Recent evi-
dence demonstrated the beneficial effects of in-
cretin-mimetic drugs in the treatment of T2D; 
these drugs include glucagon-like peptide-1 (GLP-
1) receptor agonists and dipeptidyl peptidase 4 
(DPP-4) inhibitors [13, 14]. 

GLP-1 receptor agonists are characterized by 
increased resistance to enzymatic degradation by 
DPP-4 [15]. GLP-1 is secreted by the small intes-
tine in response to nutrient ingestion. It enhances 
insulin secretion from pancreatic β-cells, and de-
creases glucagon release from pancreatic α-cells 
[16]. GLP-1 receptor agonists are useful, injectable 
drugs for the treatment of T2D as they improve 
glycemic control and atherosclerosis-related pa-
rameters [17-26]. Short-acting GLP-1 receptor 
agonists primarily slow gastric emptying, and thus 
exert their main effect on postprandial blood glu-
cose levels. The long-acting compounds have insu-
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linotropic and glucagonostatic actions, and exert 
their main effect on fasting glucose levels [27-29]. 
However, concerns have been expressed regarding 
their safety profile. 

This review aims to discuss the available data 
regarding adverse effects of currently marketed 
GLP-1 receptor agonists. 

2. Methods 

We searched for eligible trials published in 
PubMed (last search in February 2015) by using 
the following search algorithm: 

 
(Glucagon-like peptide-1 receptor agonists OR 

exenatide OR liraglutide OR lixisenatide OR al-
biglutide OR dulaglutide) AND (side effects OR 
adverse effects OR safety OR gastrointestinal OR 
pancreas OR liver OR cardiovascular OR skin OR 
allergy OR angioedema OR immune system OR 
renal OR kidney OR infection OR central nervous 
system OR blood OR malignancy OR cancer) 

 
The search was limited by the following crite-

ria: 
 
- Published in the English language. 
- Published as clinical trial, meta-analyses, 

case report, comparative study, observa-
tional study, evaluation study, or validation 
study. 

 
The initial search identified 503 articles in 

Pubmed, which were scrutinized for relevance. Af-
ter this initial selection, we excluded randomized 
clinical trials with <100 participants or with dura-
tion <12 months. Data presented in meta-analyses 
or large clinical trials were given more weight in 
the analysis than those from smaller studies. Ob-
servational and animal studies were used mainly 
in the sections on pancreas and cancer. Regarding 
the individual anatomic systems, further articles 
were retrieved from Pubmed and Scopus by 
searching relevant review articles. 

3. Adverse effects of GLP-1 receptor 

agonists (Table 1, Appendix) 

3.1 Gastrointestinal system (Table 2, Append.) 

Gastrointestinal disorders were the most fre-
quently reported adverse effects during clinical 
trials of GLP-1 receptor agonists [30]. Among gas-
trointestinal symptoms, nausea and diarrhea were  

 
very common (≥1/10), whereas vomiting, constipa-
tion, abdominal pain, and dyspepsia were rela-
tively common (≥1/100 to <1/10) [31-45]. The fre-
quency of these adverse effects was more pro-
nounced at the beginning of the treatment, but 
gastrointestinal symptoms decreased gradually as 
therapy continued. Nausea is the most common 
adverse effect reported with GLP-1 receptor ago-
nists; up to 50% of patients are affected. Most pa-
tients have mild to moderate episodes of nausea, 
which seem to be dose-dependent and diminish 
with ongoing treatment [46, 47]. However, it 
should be mentioned that exenatide treatment was 
discontinued in 4% of patients in clinical trials be-
cause of nausea [48]. Furthermore, dulaglutide, a 
newer once-weekly GLP-1 receptor agonist, was 
associated with increased incidence of vomiting at 
the dose of 1.5 mg compared with exenatide (17% 
vs. 12%, p < 0.05) [49]. 

A meta-analysis of 35 studies with exenatide 
and liraglutide showed that exenatide 10 µg twice-
daily had a significantly higher probability of pro-
ducing nausea compared with exenatide 5 µg 
twice-daily (odds ratio (OR): 2.28) and exenatide 
once-weekly (OR: 2.78) [50]. Likewise, exenatide 
10 µg twice-daily had a significantly higher prob-
ability of causing nausea compared with liraglu-
tide 1.2 mg/day (OR: 2.16) and 1.8 mg/day (OR: 
3.19) [50]. Another trial in patients with T2D 
showed that gastric emptying is slowed to a 
greater degree by exenatide twice-daily than ex-
enatide once-weekly [51]. The delay in gastric 
emptying has been linked to the occurrence of 
nausea with GLP-1 receptor agonists. More spe-
cifically, GLP-1 receptor agonists with prolonged 
duration of action may exert lesser effects on gas-
tric motility, and this could be associated with less 
nausea. However, this is merely a hypothesis; 
more research is needed. 

Abbreviations: 
 

BID – bis in die (twice a day) 

C-cell – parafollicular cell (in the thyroid gland) 

DPP-4 – dipeptidyl peptidase 4 

EMA - European Medicines Agency 

FAERS – FDA Adverse Event Reporting System 

FDA – Food and Drug Administration 

GLP-1 – glucagon-like peptide-1 

Kras – Kirsten rat sarcoma viral oncogene homolog gene 

KrasG12D – G12D mutation of the Kras gene 

LEADER – Liraglutide Effect and Action in Diabetes: 

Evaluation of Cardiovascular Outcome Results 

MH-OR – Mantel-Haenszel OR 

OR – odds ratio 

QTc interval – corrected Q wave / T wave interval 

T2D – type 2 diabetes 
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Another possible mechanism is the activation of 
the centers involved in appetite regulation, satiety, 
and nausea during the peak of the GLP-1 effect, 
which is evident in parallel with the injection of 
short-acting preparations. If nausea occurs at the 
peak of GLP-1 plasma concentrations, then con-
tinuous GLP-1 exposure could result in tachyphy-
laxis and attenuation of the pharmacological re-
sponse, which in turn leads to a lower incidence of 
nausea and gastrointestinal symptoms [23, 52]. 

3.2 Pancreas 

Concerns have been expressed regarding a pos-
sible association of GLP-1 receptor agonist treat-
ment with pancreatic inflammation and pancreati-
tis [53-61]. In this regard, evidence from animal 
studies indicated a potentially harmful effect of 
these drugs on pancreatic tissue [62-65]. For ex-
ample, administration of exenatide for 10 weeks in 
male rats resulted in chronic pancreatic damage in 
30% of rats, characterized by pycnosis of acinar 
cells, increased cytoplasmic vacuoles, widened cel-
lular gap, and inflammatory cell infiltration in 
pancreatic tissue [62]. 

Moreover, increased myeloperoxidase levels 
were found in pancreatic tissue of rats tak-
ing exenatide, while animals from the control and 
inhibitor groups did not exhibit signs of pancreatic 
damage [62]. Similarly, liraglutide was only mod-
estly associated with pancreatitis risk in C57BL6 
mice, whereas exendin-4 and sitagliptin were 
linked to signs of pancreatitis [66]. These observa-
tions point to a differential effect of incretin-
mimetic drugs on the risk of pancreatitis. It should 
be mentioned that the findings on pancreatic tis-
sue were mainly observed in preclinical studies 
aiming to find evidence of beta-cell proliferation 
and other diabetes-related aspects, i.e. it was not 
the aim of these studies to identify pancreatic 
damage, but they did in fact do so. 

In the clinical setting, a study of 90 T2D pa-
tients taking GLP-1 receptor agonists or DPP-
4 inhibitors showed that 36% of them had elevated 
serum amylase or lipase (or both) levels compared 
with 18% of T2D patients not taking these agents 
[67]. However, a recent analysis of the LEADER 
(Liraglutide Effect and Action in Diabetes: Evalua-
tion of Cardiovascular Outcome Results) trial (n = 
9340) showed that amylase and/or lipase were ele-
vated at baseline in 22.7% of subjects [68]. More 
specifically, lipase levels were increased in 16.6% 
(n = 1540) and amylase levels in 11.8% (n = 1094) 
of patients, without symptoms of acute pancreati-
tis [68]. These findings suggest that amylase or li-

pase levels are a less sensitive index of pancreatic 
damage or pancreatitis in T2D patients. 

Another study included 1,269 hospitalized cases 
with acute pancreatitis and 1,269 control subjects 
matched for age, sex, enrollment pattern, and T2D 
complications [69]. It was shown that the use of 
incretin-mimetic therapies within 30 days (ad-
justed OR: 2.24, 95% CI: 1.36-3.68), or their use 
over a period ranging from 30 days to 2 years (OR: 
2.01, 95% CI: 1.37-3.18) was linked to increased 
risk of acute pancreatitis compared with non-
users. It should be mentioned that, although the 
analysis was adjusted for available confounders 
and metformin use, the cases had increased inci-
dence of hypertriglyceridemia, alcohol use, gall-
stones, tobacco abuse, obesity, biliary and pancre-
atic cancer, or any neoplasm [69]. These factors 
may lead to an increased risk of pancreatitis in pa-
tients treated with GLP-1-based therapies. A 
pooled analysis of phase III clinical trials and two 
endpoint trials showed a slightly elevated (but not 
significant) risk of pancreatitis with GLP-1 recep-
tor agonists (38 events, 17,775 patient-years of ex-
posure) compared with the alternative treatment 
(nine events, 5,863 patient-years of exposure; OR: 
1.39 (95% CI: 0.67-2.88)) [70]. Based on these ob-
servations, the US Food and Drug Administration 
(FDA) investigated the risk of pancreatitis associ-
ated with the use of incretin-mimetic drugs [71]. 

In contrast to the above results, several recent 
studies and meta-analyses failed to show increased 
risk of pancreatitis with the use of GLP-1 receptor 
agonists [72-82]. A meta-analysis of 55 randomized 
controlled trials (n = 33,350) showed no increased 
risk of pancreatitis with GLP-1 agonists compared 
with controls (OR: 1.05, 95% CI: 0.37-2.94) [83]. 
Moreover, the analysis of three retrospective co-
hort studies and two case-control studies (total n = 
320,289) did not show an increased risk 
of pancreatitis with the administration of ex-
enatide or sitagliptin [83]. Likewise, another re-
cent meta-analysis of nine observational studies (n 
= 1,324,515 patients and 5,195 cases of acute pan-
creatitis) found no significant association between 
incretin-based treatment and acute pancreatitis 
(OR: 1.03, 95% CI: 0.87-1.20) [84]. Furthermore, 
FDA and European Medicines Agency (EMA) re-
cently reevaluated more than 250 toxicology stud-
ies conducted in nearly 18,000 healthy animals 
and more than 200 trials involving approximately 
28,000 patients taking incretin-based drugs. In a 
joint assessment, both agencies concluded that the 
concerns expressed by many authors and the me-
dia regarding a possible causal association of in-
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cretin-mimetic drugs with acute pancreatitis are 
inconsistent with the current data [85]. 

Generally, no direct cause and effect relation-
ship has been shown between GLP-1 receptor ago-
nists and pancreatitis [86]. Moreover, T2D and hy-
pertriglyceridemia are both independent risk fac-
tors for pancreatitis [87, 88]. The presence of con-
founding factors should be taken into account 
when investigating the possible association be-
tween GLP-1 receptor agonists and pancreatitis. 
However, until this matter finally resolves, it may 
be prudent that GLP-1 receptor agonists should 
not be given to patients with several risk factors 
for pancreatitis, such as severe hypertriglyceride-
mia or alcohol intake. 

3.3 Cardiovascular system 

The available data do not indicate any increase 
in cardiovascular events with GLP-1 receptor ago-
nists [89-91]. A meta-analysis of 36 trials with a 
duration ≥12 weeks showed that the Mantel-
Haenszel OR (MH-OR) for major cardiovascu-
lar events versus placebo or other comparators 
was 0.74 for all GLP-1 receptor agonists (95% CI: 
0.50-1.08, p = 0.12), 0.85 for exenatide (95% CI: 
0.50-1.45, p = 0.55) and 0.69 for liraglutide (95% 
CI: 0.40-1.22, p = 0.20) [92]. Specifically designed 
long-term trials are currently assessing the car-
diovascular effects of GLP-1 receptor agonists. 

GLP-1 receptor agonist treatment has however 
been associated with a small increase in heart rate 
[93] (Table 3, in the Appendix). A meta-analysis of 
22 trials showed that GLP-1 agonists overall re-
sulted in a significant increase in heart rate with a 
weighted mean difference of 1.86 beats per minute 
(bpm, 95% CI: 0.85-2.87) compared with placebo 
and 1.90 bpm (95% CI: 1.30-2.50) compared with 
active control (all p < 0.05) [94]. Exenatide twice-
daily increased the heart rate by 0.82 bpm (95% 
CI: -0.15 to 1.79) compared with active control and 
by 0.88 bpm (95% CI: -0.47 to 2.22) compared with 
placebo (both p > 0.05). In a small number of stud-
ies with exenatide once-weekly, the drug increased 
heart rate by 2.14 bpm (95% CI: 1.11-3.17) com-
pared with active control (p < 0.05). Liraglutide in-
creased heart rate by 2.71 bpm (95% CI: 1.45-3.97) 
compared with placebo and 2.49 (95% CI 1.77-3.21) 
compared with active control (all p < 0.05) [94]. 

Dulaglutide, a newer once-weekly GLP-1 recep-
tor agonist, significantly increased heart rate (2.8 
bpm, 95% CI: 1.5-4.2) compared with placebo at 
the dose of 1.5 mg [95]. Interestingly, a 28-day 
study showed that lixisenatide significantly re-
duced the heart rate by 3.6 bpm, whereas liraglu-

tide increased heart rate by 5.3 bpm (mean differ-
ence 8.9 bpm, p < 0.05) [96]. Moreover, in another 
face to face 26-week study, dulaglutide 1.5 or 0.75 
mg significantly increased heart rate compared 
with exenatide 10 µg BID (2.8 vs. 1.2 beats per 
minute, p < 0.05) [49]. Generally, the increase in 
heart rate with GLP-1 receptor agonists is small 
but clinically relevant as heart rate is a marker of 
cardiovascular disease [97]. 

Exenatide, liraglutide, and albiglutide do not 
cause any clinically relevant increase in the QTc 
interval [98-101]. Exenatide does not prolong QTc 
even at supratherapeutic concentrations [102]. 

3.4 Allergy and angioedema 

GLP-1 receptor agonists are synthetic peptides 
and, like other subcutaneously injected peptides, 
may lead to antibody formation (Table 4, in the 
Appendix). The incidence of antibody formation 
was 44% with exenatide, 8.6% with liraglutide, 
69.8% with lixisenatide, 4% with albiglutide, and 
1.6% with dulaglutide [48, 103-106]. These data 
show that the various GLP-1 receptor agonists 
have different immunogenicity [107]. A multicen-
ter, open-label, 24-week study assessed the inci-
dence of immune-related and hypersensitivity re-
actions after exenatide re-exposure in 58 patients 
with T2D [108]. Treatment-emergent adverse 
events were observed in 40% and 47% of patients 
with positive and negative treatment-emergent 
antibodies, respectively. Immune-related adverse 
events, which were not observed previously, ap-
peared in 4 patients with positive and 2 with nega-
tive treatment-emergent antibodies. However, re-
exposure to exenatide was not associated with in-
creased hypersensitivity reactions [108]. 

In an analysis of 12 controlled (n = 2,225; dura-
tion 12-52 weeks) and five uncontrolled (n = 1,538; 
duration up to 3 years) exenatide twice-daily tri-
als, and four controlled (n = 653; duration 24-30 
weeks) exenatide once-weekly trials with one un-
controlled period (n = 128), the antibody titers 
peaked early and subsequently declined [109]. 
Specifically, after 30 weeks, 36.7% of patients re-
ceiving exenatide twice-daily were antibody-
positive. Most of the antibody-positive patients 
(31.7%) had low titers, but 5% had high antibody 
titers. After three years, only 16.9% were anti-
body-positive, with 1.4% having high titers. Simi-
larly, 56.8% of patients receiving exenatide once-
weekly were antibody-positive (11.8% with high 
titer) at 24-30 weeks, and this percentage was re-
duced to 45.4% (9.2% with high titer) at 52 weeks. 
Adverse event rates were similar between anti-
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body-positive and antibody-negative patients, with 
the exception of injection site reactions. Impor-
tantly, as shown in a subset of patients, no signifi-
cant cross-reaction was observed between anti-
exenatide antibodies and human GLP-1 or gluca-
gon. Moreover, efficacy was similar in the entire 
cohort of antibody-positive and antibody-negative 
patients (HbA1c change: -0.9% and -1.0%, respec-
tively, with exenatide twice-daily; -1.3% and -1.6% 
with exenatide once-weekly). However, the reduc-
tion in HbA1c was non-significantly diminished 
with exenatide twice-daily in the small subset of 
patients (5%) with higher titers. Additionally, a 
significant decrease in efficacy was observed in the 
subset of patients who had high antibody titers 
and who received exenatide once-weekly (12%) 
[109]. These results represent a clinically relevant 
discovery, pointing to diminishing efficacy of ex-
enatide in patients who develop high titers of 
emergent-treatment antibodies. 

Severe anaphylactic reactions with GLP-1 re-
ceptor agonists have not been reported in Pubmed. 
However, post-marketing reports show that ana-
phylactic reactions occur rarely with liraglutide 
(≥1/10,000 to <1/1,000), very rarely with exenatide 
(<1/10,000), and uncommonly with lixisenatide 
(≥1/1,000 to <1/100) [48, 104, 105, 110]. Moreover, 
rare post-marketing reports of pruritus, urticaria, 
and angioneurotic edema have been described with 
exenatide, liraglutide, and lixisenatide [48, 104, 
105]. Dulaglutide was linked to systemic hyper-
sensitivity events in 0.5% of patients in phase II 
and III trials [103]. 

3.5 Skin side effects 

Injection site reactions, such as rash, erythema, 
or itching at the injection site, are common with 
GLP-1 receptor agonists (Table 5, in the Appen-
dix). In phase II and III trials, 5.1% of the patients 
receiving exenatide twice-daily, 16% of those re-
ceiving exenatide once-weekly, 3.9% of those re-
ceiving lixisenatide, and 15% of those receiving al-
biglutide experienced injection site reactions [48, 
105, 106, 110]. Injection site reactions are reported 
more frequently with long-acting than short-acting 
GLP-1 receptor agonists [111]. The predominant 
injection site reaction is pruritus. These reactions 
are most often transient, and generally do not 
cause discontinuation of the treatment. Interest-
ingly, patients who receive GLP-1 receptor ana-
logs, and who develop antibodies against the drug, 
tend to have more injection site reactions, despite 
the fact that they experience similar rates and 
types of adverse events to those experienced by pa-

tients who do not develop antibodies [48, 105, 106, 
109, 110]. 

Many patients receiving exenatide once weekly 
experience small, raised bumps in their abdomen, 
which usually have a diameter of less than 0.75 
cm. This reaction is attributed to the known prop-
erties of poly (D,L-lactide co-glycolide) polymer mi-
crosphere formulation of the drug. Generally, de-
spite this reaction, which typically resolves within 
4-8 weeks, patients remain asymptomatic, and do 
not discontinue the drug [110]. 

In some case reports, exenatide administration 
has been associated with the development of pan-
niculitis, although a causal association has not 
been proven [112-114]. Hyperhidrosis was reported 
as a common adverse event (≥1/100 to < 1/10), 
while alopecia and macular/papular rash were 
found to be rare (≥1/10,000 to < 1/1,000), in phase 
III trials of exenatide [48]. 

3.6 Endocrine effects 

The combination of GLP-1 receptor agonists 
and metformin has not been associated with an in-
crease in the rate or severity of clinically relevant 
hypoglycemic events [32, 34, 45, 46, 115-122]. 
However, in clinical trials examining GLP-1 recep-
tor agonists in combination with sulphonylurea 
(with or without metformin) or insulin, the inci-
dence of hypoglycemia, although low overall, was 
increased compared with placebo (Table 6, in the 
Appendix) [32, 33, 42, 123-135]. Interestingly, the 
concomitant administration of GLP-1 receptor 
agonists with a sulphonylurea in the in situ per-
fused rat pancreas led to uncoupling of the insuli-
notropic effect of GLP-1 from its glucose depend-
ence [136]. Hence, the increased incidence of hypo-
glycemia caused by the combination of GLP-1 re-
ceptor agonists and sulphonylureas may be linked 
to the uncoupling of GLP-1 from its glucose de-
pendence. Therefore,  it is recommendable to de-
crease the sulphonylurea or insulin dose in pa-
tients on sulphonylurea or insulin therapy who 
start a GLP-1 receptor agonist to reduce the risk of 
hypoglycemic episodes [137]. 

3.7 Musculoskeletal disorders 

A meta-analysis of 16 randomized controlled 
trials (n = 11,206) assessed the risk of bone frac-
tures associated with liraglutide or exenatide, in 
comparison to placebo or other active drugs [138]. 
The administration of liraglutide was associated 
with a significantly decreased risk of incident bone 
fractures (MH-OR: 0.38, 95% CI: 0.17-0.87), while 
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exenatide administration was linked with an in-
creased risk (MH-OR: 2.09, 95% CI: 1.03-4.21). 
These results point to heterogeneity between 
liraglutide and exenatide. However, these observa-
tions need to be confirmed by future trials [138]. 

Despite the negative effects of exenatide on 
bone fracture risk found in the above meta-
analysis, a study of 69 metformin-treated subjects 
with T2D randomized to exenatide twice-daily (n = 
36) or insulin glargine once-daily (n = 33) showed 
that bone mineral density was similar in both 
groups after the 44-week therapy (between-group 
difference p = 0.782). Moreover, fasting serum al-
kaline phosphatase, calcium, and phosphate levels 
did not significantly change during treatment 
[139]. 

3.8 Infection 

GLP-1 receptor agonist trials report upper res-
piratory and urinary tract infections (Table 7, in 
the Appendix). Nasopharyngitis, influenza, cysti-
tis, and viral infection are also commonly reported 
with these drugs [48, 104-106, 110]. However, no 
cause-effect association between the use of GLP-1 
receptor agonists and more serious infections has 
been observed. 

3.9 Central nervous system (CNS) 

Headache is reported in GLP-1 receptor agonist 
trials (Table 8, in the Appendix). However, this 
adverse effect does not usually lead to discontinua-
tions. 

3.10 Renal effects 

Exenatide has been associated with the devel-
opment of acute kidney injury in about 100 case 
reports [140-146]. In most reports, acute kidney 
injury was attributed to pre-renal acute failure 
due to exenatide-induced nausea and vomiting, de-
creased fluid intake, and significant loss of fluids. 
In this context, a kidney biopsy was performed and 
showed ischemic glomeruli with moderate to se-
vere interstitial fibrosis and early diabetic neph-
ropathy [145]. Other factors that may be associ-
ated with the impairment of renal function are 
GLP-1-induced natriuresis and reduction in renal 
perfusion [147, 148]. 

It should be mentioned that most of the sub-
jects who experienced deterioration of kidney func-
tion with exenatide had at least one risk factor for 
developing kidney disease, such as cardiac failure, 
hypertension, or use of nephrotoxic drugs [140]. 
Importantly, most subjects with exenatide-induced 

volume contraction were receiving drugs that in-
hibit the renin-angiotensin system and aldosterone 
formation. Activation of the renin-angiotensin sys-
tem is an important homeostatic mechanism in 
states associated with volume depletion, and the 
use of inhibitors of these systems contributes to 
occurrence of acute kidney injury in subjects with 
volume depletion [149]. 

Acute interstitial nephritis has also been dem-
onstrated to be a mechanism of exenatide-induced 
acute kidney injury. In a case report on a person 
with exenatide-associated acute kidney injury, 
kidney biopsy showed active, moderately severe, 
diffuse tubulointerstitial nephritis with infiltration 
of eosinophils [150]. These observations suggested 
a drug-induced reaction. The person’s condition 
was improved with the administration of predniso-
lone [150]. Another case report showed an im-
provement in kidney function with prednisolone in 
a person with exenatide-induced acute kidney in-
jury [151]. 

In contrast to the case reports on altered renal 
function seen with exenatide, a pooled analysis of 
5,594 participants from 19 randomized, controlled 
clinical trials of exenatide twice-daily (5 µg and 10 
µg) showed that renal impairment-related adverse 
events, including acute renal failure, were rare 
(1.6 per 100 person-years for both groups). Also, no 
significant difference was seen between the ex-
enatide and pooled comparator (placebo and insu-
lin) groups (95% CI: -0.98 to 0.96) [152]. Further 
analyses have shown that there was no difference 
in the adjusted risk for acute kidney injury among 
T2D patients taking exenatide compared with pa-
tients receiving other drugs (hazard ratio (HR): 
0.77, 95% CI: 0.42-1.41, p = 0.40) [153]. 

Liraglutide has been associated with acute kid-
ney injury in a few case reports [140, 154]. The 
pathological mechanism seems to be based on 
acute tubular necrosis due to dehydration and vol-
ume contraction resulting from severe and pro-
gressively worsening gastrointestinal symptoms 
[155]. Liraglutide has been linked to acute inter-
stitial nephritis in one case report [156]. Despite 
these few reports, liraglutide seems to be a safe 
drug in terms of kidney function. 

Clinicians should consider the possible risk of 
acute renal failure associated with the administra-
tion of GLP-1 receptor agonists. The main mecha-
nism of acute kidney injury in people receiving 
GLP-1 receptor agonists is volume contraction due 
to gastrointestinal symptoms [140]. Therefore, 
these drugs should not be given to people with un-
controlled T2D, polyuria, and polydipsia or people 
who develop severe symptoms that predispose to 
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volume depletion (for example vomiting). Patients 
should also be advised to discontinue therapy in 
case of severe vomiting or diarrhea. 

Clinicians should also be cautious in the case of 
T2D patients receiving drugs that inhibit the 
renin-angiotensin system. These patients are more 
prone to develop acute kidney injury due to dehy-
dration and volume contraction. GLP-1 receptor 
agonists should be stopped in patients with acute 
kidney injury, and rehydration should be initiated. 
In severe cases, dialysis may be needed. Finally, in 
cases where volume contraction is not the obvious 
mechanism of acute kidney injury, the possibility 
of acute interstitial nephritis should be considered. 
In such a case, a kidney biopsy should be per-
formed to establish the diagnosis and start steroid 
treatment. 

3.11 Cancer 

Concerns have been expressed about the effects 
of incretin-mimetic drugs on pancreatic tissue 
[157, 158]. It has been shown that the administra-
tion of the GLP-1 receptor agonist exendin-4 re-
sults in the expansion of pancreatic duct glands in 
rats, and acceleration of the formation of dysplas-
tic lesions and chronic pancreatitis in the 
KrasG12D mouse model [63]. 

The results of animal studies are difficult to ex-
trapolate to humans. A study by Butler et al. ex-
amined pancreatic tissue from organ donors with 
T2D taking sitagliptin (n = 7), exenatide (n = 1), or 
other medication (n = 12), and from a group of sub-
jects without diabetes (n = 14). In 40% of patients, 
treatment with incretin-mimetic drugs was associ-
ated with increased pancreatic mass accompanied 
by increased exocrine cell proliferation (p < 0.0001) 
and increased pancreatic intraepithelial neoplasia 
(dysplasia, p < 0.01) [159]. Moreover, patients re-
ceiving incretin-mimetic drugs had α-cell hyper-
plasia and glucagon-expressing microadenomas (3 
out of 8) and one had a neuroendocrine tumor 
[159]. 

Analyses based on the FDA Adverse Event Re-
porting System (FAERS) showed that incretin-
mimetic drugs are linked with increased incidence 
of pancreatitis and pancreatic cancer compared 
with other anti-diabetic drugs [160-162]. A FAERS 
analysis conducted between 2004 and 2009 showed 
a significant increase in cases of pancreatitis with 
exenatide (OR: 10.68, 95% CI: 7.75-15.1, p < 
0.0001) and sitagliptin (OR: 6.74, 95% CI: 4.61-
10.0, p < 0.0001), and in cases of pancreatic cancer 
(exenatide OR: 2.9, p < 0.0001; sitagliptin OR: 2.7, 
p = 0.008) and thyroid cancer (exenatide OR: 4.73, 

p = 0.004) [161]. Based on this evidence, FDA in-
vestigates reports of possible increased risk of 
pancreatitis and pre-cancerous findings of the 
pancreas from incretin-mimetic drugs [71]. 

However, it should be mentioned that the study 
by Butler et al. has been accused of methodological 
deficiencies including the following issues: 

 

- The age distribution of the three groups was 
mismatched. 

- The increase in pancreatic mass was due to 
an outlier in the GLP-1 receptor agonists 
group. 

- The increase in pancreatic mass may also be 
due to the possible inclusion of type 1 dia-
betic patients (who have decreased pancre-
atic mass) in the type 2 diabetic control 
group [163]. 

- The distinction between alpha- and beta-
cells was not clear due to variability in stain-
ing intensity [163]. 

 

Other long-term animal studies did not find a 
harmful effect of incretin-mimetic drugs on pan-
creatic tissue [164, 165]. Furthermore, analyses 
from adverse reporting systems are useful, but are 
difficult to control for confounding factors that in-
crease the risk of pancreatitis and cancer, such as 
obesity, alcohol consumption, smoking, and the use 
of other drugs. Recent reports and meta-analyses 
did not show an increased risk of pancreatic cancer 
with incretin-mimetic drugs [77, 166, 167]. A 
meta-analysis of 25 studies showed that the use of 
exenatide (OR: 0.86, 95% CI: 0.29-2.60) and 
liraglutide (OR: 1.35, 95% CI: 0.70-2.59) did not 
significantly increase the risk of pancreatic cancer, 
independently of the baseline comparator [78]. 

Hence, at this point no significant evidence ex-
ists linking GLP-1 receptor agonists with pancre-
atic cancer. In a recent joint statement, FDA and 
EMA agree that concerns regarding a causal asso-
ciation between incretin-mimetic drugs and pan-
creatitis or pancreatic cancer are inconsistent with 
the available evidence [85]. However, a final all-
clear regarding the risk of pancreatitis or pancre-
atic cancer caused by incretin-mimetic drugs can-
not be given [85]. On the other hand, there is some 
evidence of an antitumor effect of GLP-1 receptor 
activation in pancreatic cancer cell lines [168]. 

Concerns have also been expressed regarding a 
possible link between GLP-1 receptor agonists and 
medullary thyroid cancer [161]. These concerns are 
mainly based on rodent studies. Liraglutide and 
exenatide have been associated with the develop-
ment of thyroid C-cell tumors in rodents after life-



 

Adverse Effects of GLP-1 Receptor Agonists The Review of DIABETIC STUDIES   209 

  Vol . 11 ⋅ No. 3-4 ⋅ 2014/15 
 

www.The-RDS.org  Rev Diabet Stud (2014/15) 11:202-230  

time exposure at supratherapeutic doses [169]. 
Furthermore, a 13-week continuous exposure to 
GLP-1 receptor agonists induced marked increases 
in plasma calcitonin and in the incidence of C-cell 
hyperplasia in wild-type mice, but not in GLP-1 
receptor knockout mice [170]. In contrast to the re-
sults in rodents, in vivo animal studies with cyno-
mologus monkeys did not show any liraglutide-
induced calcitonin release or any effect on relative 
C-cell fraction in the thyroid gland after 87 weeks 
at doses up to 60-fold higher than the highest dose 
recommended in humans [169]. Another study in 
monkeys also showed that dulaglutide at doses 
amounting to the 500-fold maximum human 
plasma exposure for 52 weeks were not associated 
with increases in serum calcitonin or alterations in 
thyroid weight, histology, C-cell proliferation, or 
absolute/relative C-cell volume [171]. 

The harmful effect of GLP-1 receptor agonists 
in rodents but not in primates indicates that the 
proliferative C-cell effects may be rodent-specific 
[172]. Moreover, an analysis of liraglutide trials 
(duration 20-104 weeks) did not show any signifi-
cant change between treatment groups regarding 
calcitonin levels or the proportion of participants 
with an increase in calcitonin levels above 
20 pg/ml [173]. It should be mentioned that in the 
Liraglutide Effect and Action in Diabetes (LEAD)-
6 trial (duration 26 weeks) no difference was ob-
served in estimated geometric mean calcitonin lev-
els between liraglutide 1.8 mg once daily and ex-
enatide 10 µg twice daily [31]. Finally, a meta-
analysis of 25 studies showed that liraglutide was 
not significantly associated with an increased risk 
of thyroid cancer (OR: 1.54, 95% CI: 0.40-6.02), 
and no thyroid malignancies were reported with 
exenatide [78]. 

3.12 Overdose 

Some cases of GLP-1 receptor agonist overdose 
have been reported [174-178]. For example, a 49-
year-old woman with T2D accidentally injected the 
whole liraglutide pen and received a total dose of 
18 mg [179]. She developed severe nausea and 
vomiting, but no abdominal pain, deterioration of 
liver function tests, increase in amylase levels, or 
hypoglycemia. This patient was treated with in-
travenous fluids and intravenous metoclopramide 
[179]. 

Generally, severe nausea, vomiting, abdominal 
pain, and diarrhea were described in cases of GLP-
1 receptor agonist overdose. Hypoglycemia did not 
develop, even with doses of 72 mg or in cases 
where an overdose of liraglutide was continued for 

seven months [174, 175]. Moreover, no incident of 
pancreatitis or other serious complication has been 
reported. Therapy in GLP-1 receptor agonist over-
dose is mainly supportive. 

4. Conclusions 

GLP-1 receptor agonists are useful drugs for 
the treatment of patients with T2D. These drugs 
improve glycemic control and many other athero-
sclerosis-related parameters. However, concerns 
have been expressed regarding the effects of these 
drugs on pancreatic and thyroid tissue, but current 
evidence and meta-analyses do not show a cause-
effect association between GLP-1 receptor agonists 
and the development of pancreatitis, pancreatic 
cancer, or thyroid cancer. 

GLP-1 receptor agonists do not generally cause 
hypoglycemia, but it is recommendable to decrease 
the dose of concomitant sulphonylurea or insulin 
to reduce the risk of hypoglycemic episodes. In 
many case reports, the use of these drugs, mainly 
exenatide, has been associated with acute kidney 
injury, in which hemodynamic factors are pre-
dominantly implicated. Other common adverse ef-
fects of these drugs include injection site reactions, 
headache, and nasopharyngitis, but these effects 
do not usually lead to discontinuation of the drug. 

Finally, GLP-1 receptor agonists do not seem to 
affect negatively the cardiovascular risk in pa-
tients with T2D, but an ultimate all-clear regard-
ing the risk of cardiovascular events, pancreatitis, 
or pancreatic cancer, which may be caused by in-
cretin-mimetic drugs, cannot be given as there is 
scattered evidence for these side effects. Ongoing 
and future trials need to assess and clarify further 
the cardiovascular and overall safety profile of 
GLP-1 receptor agonists. 

5. Article highlights 

- GLP-1 receptor agonists cause gastrointesti-
nal symptoms, but these effects do not usu-
ally cause discontinuation of therapy. 

- Nausea appears to be less common with 
long-acting than short-acting compounds.  

- GLP-1 receptor agonists are associated with 
pre-renal acute kidney injury in cases of se-
vere gastrointestinal symptoms and dehy-
dration. 

- Evidence does not point to an increased risk 
of pancreatitis with GLP-1 receptor agonists. 

- Meta-analyses do not show an increased risk 
of pancreatic or thyroid cancer with the use 
of these drugs. 
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Table 1 .  Adverse effects of GLP-1 receptor agonists 
 

Type of adverse 

event 

Common with GLP-1  receptor ago-

nists  

Rare or not definitely linked with 

GLP-1  receptors agonist 

Controversially linked 

with GLP-1  receptor ago-

nists 

Gastrointestinal  Nausea, dyspepsia, vomiting, diarrhea, 

constipation, abdominal pain 

 Pancreatitis 

Cardiovascular  Small increase in heart rate   

Allergic reactions Development of antibodies  Decreased efficacy in the small subset of 

patients with high antibody titers.  

Pruritus, urticaria, angioneurotic edema 

 

Skin Injection site reactions (rash, erythema, 

or itching at the injection site), hyper-

hidrosis. 

Small, raised bumps in abdomen with 

weekly exenatide 

Panniculitis  

Endocrine Hypoglycemia in combination with sul-

phonylureas or insulin 

  

Musculoskeletal   Increased risk of incident 

bone fractures with ex-

enatide 

Infection Nasopharyngitis, influenza, upper respi-

ratory tract infection, cystitis, viral infec-

tion 

  

Central nervous system Headache   

Kidney  Acute kidney injury due to gastrointesti-

nal symptoms and volume contraction 

(mainly with exenatide) 

Acute interstitial nephritis  

Cancer   Pancreatic cancer, thyroid 

cancer (current evidence 

for both points to no in-

creased risk with GLP-1 

receptor agonists) 
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Table 2 . Incidence of nausea, vomiting, and diarrhea associated with GLP-1 receptor agonists 
 

Adverse event Study Drug Duration Number of pa-

tients 

% of patients with 

the adverse event 

Nausea Buse 2004 [180] Exenatide 5 µg BID 30 weeks 125 39 

  Exenatide 10 µg BID 30 weeks 129 51 

 Drucker 2008 [181] Exenatide 10 µg BID 30 weeks 145 35 

  Exenatide 2 mg once weekly 30 weeks 148 26 

 Buse 2009 [31] Exenatide 10 µg BID 26 weeks 232 28 

  Liraglutide 1.8 mg/ day 26 weeks 235 26 

 Buse 2010 [182] Exenatide 2 mg once weekly 52 weeks 128 7 

 Bergenstal 2010 [43] Exenatide 2 mg once weekly 26 weeks 160 24 

 Blevins 2011 [183] Exenatide 10 µg BID 24 weeks 123 35 

  Exenatide 2 mg once weekly 24 weeks 129 14 

 Diamant 2012 [40] Exenatide 2 mg once weekly 84 weeks 233 15 

 Norwood 2012 [117] Exenatide 2 mg once weekly 104-117 weeks 134 17 

 Buse 2013 [38] Exenatide 2 mg once weekly 26 weeks 461 9 

  Liraglutide 1.8 mg/ day 26 weeks 450 21 

 Rosenstock 2013 [184] Exenatide 10 µg BID 24 weeks 316 35 

  Lixisenatide 20 µg/ day  24 weeks 318 25 

 Diamant 2014 [185] Exenatide 2 mg once weekly 3 years 233 13 

 Xu 2015 [17] Exenatide 10 µg BID 48 weeks 142 26 

 Garber 2009 [37] Liraglutide 1.2 mg/ day 52 weeks 251 27 

  Liraglutide 1.8 mg/ day 52 weeks 246 29 

 Nauck 2009 [34] Liraglutide 0.6 mg/ day 26 weeks 208 11 

  Liraglutide 1.2 mg/ day  197 16 

  Liraglutide 1.8 mg/ day  191 19 

 Zinman 2009 [118] Liraglutide 1.2 mg/ day 26 weeks 153 29 

  Liraglutide 1.8 mg/ day 26 weeks 133 40 

 Russell-Jones 2009 [42] Liraglutide 1.8 mg/ day 26 weeks 230 14 

 Pratley 2010 [186] Liraglutide 1.2 mg/ day 26 weeks 221 21 

  Liraglutide 1.8 mg/ day  218 27 

 Garber 2011 [187] Liraglutide 1.2 mg/ day 2 years 251 29 

  Liraglutide 1.8 mg/ day  246 31 

 Pratley 2011 [188] Liraglutide 1.2 mg/ day 52 weeks 221 22 

  Liraglutide 1.8 mg/ day  218 28 

 Astrup 2012 [189] Liraglutide 1.2 mg/ day 1 year 95 24 

  Liraglutide 1.8 mg/ day  93 32 

  Liraglutide 2.4 mg/ day  93 38 

  Liraglutide 3.0 mg/ day  93 48 

 Astrup 2012 [189] Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 1.2 mg/ day 

2 years 95 37 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 1.8 mg/ day 

 90 38 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 2.4 mg/ day 

 93 42 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 3.0 mg/ day 

 93 51 
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 Pratley 2014 [23] Liraglutide 1.8 mg/ day 32 weeks 408 29 

  Albiglutide 50 mg once weekly  404 10 

 Dungan 2014 [190] Liraglutide 1.8 mg/ day 26 weeks 300 18 

  Dulaglutide 1.5 mg once 

weekly 

 299 20 

 Seino 2012 [134] Lixisenatide 20 µg/ day 24 weeks 154 40 

 Ahren 2013 [191] Lixisenatide 20 µg/ day (morn-

ing) 

24 weeks 255 23 

  Lixisenatide 20 µg/ day (eve-

ning) 

 255 21 

 Riddle 2013 [133] Lixisenatide 20 µg/ day 24 weeks 223 27 

 Pinget 2013 [120] Lixisenatide 20 µg/ day 76 weeks 194 26 

 Riddle 2013 [33] Lixisenatide 20 µg/ day 24 weeks 327 26 

 Bolli 2014 [192] Lixisenatide 20 µg/ day 76 weeks 161 29 

 Meier 2015 [193] Lixisenatide 20 µg/ day 8 weeks 48 19 

  Liraglutide 1.2 mg/ day  47 17 

  Liraglutide 1.8 mg/ day  47 23 

 Rosenstock 2014 [194] Albiglutide 30-50 mg once 

weekly 

26 weeks 285 11 

 Ahren 2014 [122] Albiglutide 30-50 mg once 

weekly 

104 weeks 302 10 

 Leiter 2014 [195] Albiglutide 30-50 mg once 

weekly 

52 weeks 249 5 

 Reusch 2014 [45] Albiglutide 30 mg once weekly 52 weeks 150 11 

 Weissman 2014 [196] Albiglutide 30 mg once weekly 52 weeks 504 10 

 Home 2015 [121] Albiglutide 30 mg once weekly 52 weeks 271 10 

 Nauck 2014 [197] Dulaglutide 0.75 mg once 

weekly 

52 weeks 302 14 

  Dulaglutide 1.5 mg once 

weekly 

 304 17 

 Umpierrez 2014 [198] Dulaglutide 0.75 mg once 

weekly 

52 weeks 270 12 

  Dulaglutide 1.5 mg once 

weekly 

 269 20 

 Wysham 2014 [49] Dulaglutide 0.75 mg once 

weekly 

52 weeks 280 17 

  Dulaglutide 1.5 mg once 

weekly 

 279 29 

  Exenatide 10 µg BID  276 28 

 Weinstock 2015 [199] Dulaglutide 0.75 mg once 

weekly 

104 weeks 302 15 

  Dulaglutide 1.5 mg once 

weekly 

 304 17 

Vomiting Buse 2004 [180] Exenatide 5 µg BID 30 weeks 125 10 

  Exenatide 10 µg BID 30 weeks 129 13 

 Drucker 2008 [181] Exenatide 10 µg BID 30 weeks 145 19 

  Exenatide 2 mg once weekly 30 weeks 148 11 

 Buse 2009 [31] Exenatide 10 µg BID 26 weeks 232 10 

  Liraglutide 1.8 mg/ day 26 weeks 235 6 
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 Buse 2010 [182] Exenatide 2 mg once weekly 52 weeks 128 6 

 Bergenstal 2010 [43] Exenatide 2 mg once weekly 26 weeks 160 11 

 Blevins 2011 [183] Exenatide 10 µg BID 24 weeks 123 9 

  Exenatide 2 mg once weekly 24 weeks 129 5 

 Norwood 2012 [117] Exenatide 2 mg once weekly 104-117 weeks 134 8 

 Buse 2013 [38] Exenatide 2 mg once weekly 26 weeks 461 4 

  Liraglutide 1.8 mg/ day 26 weeks 450 11 

 Rosenstock 2013 [184] Exenatide 10 µg BID 24 weeks 316 13 

  Lixisenatide 20 µg once daily  24 weeks 318 10 

 Xu 2015 [17] Exenatide 10 µg BID 48 weeks 142 11 

 Garber 2009 [37] Liraglutide 1.2 mg/ day 52 weeks 251 12 

  Liraglutide 1.8 mg/ day 52 weeks 246 9 

 Zinman 2009 [118] Liraglutide 1.2 mg/ day 26 weeks 153 7 

  Liraglutide 1.8 mg/ day 26 weeks 133 17 

 Nauck 2009 [34] Liraglutide 0.6 mg/ day 26 weeks 208 5-7 

  Liraglutide 1.2 mg/ day  197 5-7 

  Liraglutide 1.8 mg/ day  191 5-7 

 Russell-Jones 2009 [42] Liraglutide 1.8 mg/ day 26 weeks 230 7 

 Pratley 2010 [186] Liraglutide 1.2 mg/ day 26 weeks 221 8 

  Liraglutide 1.8 mg/ day  218 10 

 Garber 2011 [187] Liraglutide 1.2 mg/ day 2 years 251 13 

  Liraglutide 1.8 mg/ day  246 10 

 Pratley 2011 [188] Liraglutide 1.2 mg/ day 52 weeks 221 8 

  Liraglutide 1.8 mg/ day  218 11 

 Astrup 2012 [189] Liraglutide 1.2 mg/ day 1 year 95 5 

  Liraglutide 1.8 mg/ day  93 10 

  Liraglutide 2.4 mg/ day  93 15 

  Liraglutide 3.0 mg/ day  93 13 

 Astrup 2012 [189] Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 1.2 mg/ day 

2 years 95 13 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 1.8 mg/ day 

 90 14 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 2.4 mg/ day 

 93 17 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 3.0 mg/ day 

 93 14 

 Pratley 2014 [23] Liraglutide 1.8 mg/ day 32 weeks 408 9 

  Albiglutide 50 mg once weekly  404 5 

 Dungan 2014 [190] Liraglutide 1.8 mg/ day 26 weeks 300 8 

  Dulaglutide 1.5 mg once 

weekly 

 299 7 

 Seino 2012 [134] Lixisenatide 20 µg/ day 24 weeks 154 18 

 Ahren 2013 [191] Lixisenatide 20 µg/ day (morn-

ing) 

24 weeks 255 9 

  Lixisenatide 20 µg/ day (eve-

ning) 

 255 13 

 Riddle 2013 [133] Lixisenatide 20 µg/ day 24 weeks 223 9 

 Pinget 2013 [120] Lixisenatide 20 µg/ day 76 weeks 194 8 



 

214  The Review of DIABETIC STUDIES Filippatos et al. 

   Vol . 11 ⋅ No. 3-4 ⋅ 2014/15 

 

Rev Diabet Stud (2014/15) 11:202-230  Copyright © by Lab & Life Press/SBDR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Riddle 2013 [33] Lixisenatide 20 µg/ day 24 weeks 327 8 

 Bolli 2014 [192] Lixisenatide 20 µg/ day 76 weeks 161 13 

 Meier 2015 [193] Lixisenatide 20 µg/ day 8 weeks 48 10 

  Liraglutide 1.2 mg/ day  47 4 

  Liraglutide 1.8 mg/ day  47 11 

 Rosenstock 2014 [194] Albiglutide 30-50 mg once 

weekly 

26 weeks 285 7 

 Leiter 2014 [195] Albiglutide 30-50 mg once 

weekly 

52 weeks 249 2 

 Home 2015 [121] Albiglutide 30 mg once weekly 52 weeks 271 3 

 Nauck 2014 [197] Dulaglutide 0.75 mg once 

weekly 

52 weeks 302 8 

  Dulaglutide 1.5 mg once 

weekly 

 304 13 

 Umpierrez 2014 [198] Dulaglutide 0.75 mg once 

weekly 

52 weeks 270 7 

  Dulaglutide 1.5 mg once 

weekly 

 269 10 

 Wysham 2014 [49] Dulaglutide 0.75 mg once 

weekly 

52 weeks 280 6 

  Dulaglutide 1.5 mg once 

weekly 

 279 17 

  Exenatide 10 µg BID  276 12 

 Weinstock 2015 [199] Dulaglutide 0.75 mg once 

weekly 

104 weeks 302 8 

  Dulaglutide 1.5 mg once 

weekly 

 304 14 

Diarrhea Blevins 2011 [183] Exenatide 10 µg BID 24 weeks 123 4 

  Exenatide 2 mg once weekly 24 weeks 129 9 

 Buse 2009 [31] Exenatide 10 µg BID 26 weeks 232 12 

  Liraglutide 1.8 mg/ day 26 weeks 235 12 

 Diamant 2012 [40] Exenatide 2 mg once weekly 84 weeks 233 12 

 Norwood 2012 [117] Exenatide 2 mg once weekly 104-117 weeks 134 7 

 Buse 2013 [38] Exenatide 2 mg once weekly 26 weeks 461 6 

  Liraglutide 1.8 mg/ day 26 weeks 450 13 

 Rosenstock 2013[184] Exenatide 10 µg BID 24 weeks 316 13 

  Lixisenatide 20 µg/ day  24 weeks 318 10 

 Diamant 2014 [185] Exenatide 2 mg once weekly 3 years 233 9 

 Xu 2015 [17] Exenatide 10 µg BID 48 weeks 142 4 

 Garber 2009 [37] Liraglutide 1.2 mg/ day 52 weeks 251 16 

  Liraglutide 1.8 mg/ day 52 weeks 246 19 

 Nauck 2009 [34] Liraglutide 0.6 mg/ day 26 weeks 208 10 

  Liraglutide 1.2 mg/ day  197 8 

  Liraglutide 1.8 mg/ day  191 15 

 Russell-Jones 2009 [42] Liraglutide 1.8 mg/ day 26 weeks 230 10 

 Pratley 2010 [186] Liraglutide 1.2 mg/ day 26 weeks 221 7 

  Liraglutide 1.8 mg/ day  218 11 

 Garber 2011 [187] Liraglutide 1.2 mg/ day 2 years 251 18 

  Liraglutide 1.8 mg/ day  246 20 
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 Pratley 2011 [188] Liraglutide 1.2 mg/ day 52 weeks 221 9 

  Liraglutide 1.8 mg/ day  218 12 

 Astrup 2012 [189] Liraglutide 1.2 mg/ day 1 year 95 8 

  Liraglutide 1.8 mg/ day  93 10 

  Liraglutide 2.4 mg/ day  93 13 

  Liraglutide 3.0 mg/ day  93 15 

 Astrup 2012 [189] Liraglutide 2.4/ 3.0 mg/ day after 

1-year 1.2 mg/ day 

2 years 95 16 

  Liraglutide 2.4/ 3.0 mg/ day after 

1-year 1.8 mg/ day 

 90 18 

  Liraglutide 2.4/ 3.0 mg/ day after 

1-year 2.4 mg/ day 

 93 19 

  Liraglutide 2.4/ 3.0 mg/ day after 

1-year 3.0 mg/ day 

 93 19 

 Pratley 2014 [23] Liraglutide 1.8 mg/ day 32 weeks 408 13 

  Albiglutide 50 mg once weekly  404 15 

 Dungan 2014 [190] Liraglutide 1.8 mg/ day 26 weeks 300 12 

  Dulaglutide 1.5 mg once weekly  299 12 

 Seino 2012 [134] Lixisenatide 20 µg/ day 24 weeks 154 7 

 Ahren 2013 [191] Lixisenatide 20 µg/ day (morning) 24 weeks 255 11 

  Lixisenatide 20 µg/ day (evening)  255 11 

 Riddle 2013 [133] Lixisenatide 20 µg/ day 24 weeks 223 7 

 Pinget 2013 [120] Lixisenatide 20 µg/ day 76 weeks 194 11 

 Riddle 2013 [33] Lixisenatide 20 µg/ day 24 weeks 327 7 

 Bolli 2014 [192] Lixisenatide 20 µg/ day 76 weeks 161 10 

 Meier 2015 [193] Lixisenatide 20 µg/ day 8 weeks 48 6 

  Liraglutide 1.2 mg/ day  47 9 

  Liraglutide 1.8 mg/ day  47 11 

 Rosenstock 2014 [194] Albiglutide 30-50 mg once weekly 26 weeks 285 13 

 Ahren 2014 [122] Albiglutide 30-50 mg once weekly 104 weeks 302 12 

 Leiter 2014 [195] Albiglutide 30-50 mg once weekly 52 weeks 249 10 

 Reusch 2014[45] Albiglutide 30 mg once weekly 52 weeks 150 11 

 Weissman 2014 [196] Albiglutide 30 mg once weekly 52 weeks 504 8 

 Home 2015 [121] Albiglutide 30 mg once weekly 52 weeks 271 9 

 Nauck 2014 [197] Dulaglutide 0.75 mg once weekly 52 weeks 302 10 

  Dulaglutide 1.5 mg once weekly  304 15 

 Umpierrez 2014 [198] Dulaglutide 0.75 mg once weekly 52 weeks 270 8 

  Dulaglutide 1.5 mg once weekly  269 11 

 Wysham 2014 [49] Dulaglutide 0.75 mg once weekly 52 weeks 280 9 

  Dulaglutide 1.5 mg once weekly  279 13 

  Exenatide 10 µg BID  276 8 

 Weinstock 2015 [199] Dulaglutide 0.75 mg once weekly 104 weeks 302 12 

  Dulaglutide 1.5 mg once weekly  304 16 

 



 

216  The Review of DIABETIC STUDIES Filippatos et al. 

   Vol . 11 ⋅ No. 3-4 ⋅ 2014/15 

 

Rev Diabet Stud (2014/15) 11:202-230  Copyright © by Lab & Life Press/SBDR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 . Heart rate increase with GLP-1 receptor agonists 
 

Study Drug Duration Number  

of patients 

Heart rate increase 

(beats per minute) 

Buse 2009 [31] Exenatide 10 µg BID 26 weeks 232 0.7  

 Liraglutide 1.8 mg/ day 26 weeks 235 3.3 

Blevins 2011 [183] Exenatide 10 µg BID 24 weeks 123 2.1  

 Exenatide 2 mg once weekly 24 weeks 129 4.1  

Norwood 2012 [117] Exenatide 2 mg once weekly 104-117 weeks 134 2.5  

Garber 2009 [37] Liraglutide 1.2 mg/ day 52 weeks 251 3.2  

 Liraglutide 1.8 mg/ day 52 weeks 246 1.6  

Nauck 2009 [34] Liraglutide 0.6 mg/ day 26 weeks 208 2-3  

 Liraglutide 1.2 mg/ day  197 2-3  

 Liraglutide 1.8 mg/ day  191 2-3  

Russell-Jones 2009 [42] Liraglutide 1.8 mg/ day 26 weeks 230 2.6  

Pratley 2010 [186] Liraglutide 1.2 mg/ day 26 weeks 221 2.3  

 Liraglutide 1.8 mg/ day  218 3.9  

Garber 2011 [187] Liraglutide 1.2 mg/ day 2 years 251 2.0  

 Liraglutide 1.8 mg/ day  246 0.9  

Pratley 2011 [188] Liraglutide 1.2 mg/ day 52 weeks 221 1.7  

 Liraglutide 1.8 mg/ day  218 3.1  

Astrup 2012 [189] Liraglutide 1.2 mg/ day 1 year 95 3.5  

 Liraglutide 1.8 mg/ day  93 2.8  

 Liraglutide 2.4 mg/ day  93 4.4  

 Liraglutide 3.0 mg/ day  93 3.9  

Dungan 2014 [190] Liraglutide 1.8 mg/ day 26 weeks 300 3.1  

 Dulaglutide 1.5 mg once weekly  299 2.4  

Ahren 2014 [122] Albiglutide 30-50 mg once weekly 104 weeks 302 1.3  

Weissman 2014 [196] Albiglutide 30 mg once weekly 52 weeks 504 1.0  

Nauck 2014 [197] Dulaglutide 0.75 mg once weekly 52 weeks 302 2.1  

 Dulaglutide 1.5 mg once weekly  304 2.4  

Umpierrez 2014 [198] Dulaglutide 0.75 mg once weekly 52 weeks 270 1.6  

 Dulaglutide 1.5 mg once weekly  269 1.8  

Wysham 2014 [49] Dulaglutide 0.75 mg once weekly 52 weeks 280 1.6 

 Dulaglutide 1.5 mg once weekly  279 1.7 

 Exenatide 10 µg BID  276 1.2 

Weinstock 2015 [199] Dulaglutide 0.75 mg once weekly 104 weeks 302 2.8 

 Dulaglutide 1.5 mg once weekly  304 2.3 
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Table 4 . Treatment-emergent antibodies to GLP-1 receptor agonists 
 

Study Drug Duration Number  

of patients 

% of patients 

with antibodies 

Buse 2004 [180] Exenatide 5 or 10 µg BID 30 weeks 254 41 

Buse 2010 [182] Exenatide 2 mg once weekly 52 weeks 128 13 

Blevins 2011 [183] Exenatide 10 µg BID 24 weeks 123 51 

 Exenatide 2 mg once weekly 24 weeks 129 73 

Norwood 2012 [117] Exenatide 2 mg once weekly 104-117 weeks 134 15 

Marre 2009 [32] Liraglutide 0.6 mg/ day 26 weeks 189 9-13 

 Liraglutide 1.2 mg/ day  187 9-13 

 Liraglutide 1.8 mg/ day  202 9-13 

Zinman 2009 [118] Liraglutide 1.2 mg/ day 26 weeks 153 4 

 Liraglutide 1.8 mg/ day 26 weeks 133 7 

Russell-Jones 2009 [42] Liraglutide 1.8 mg/ day 26 weeks 230 10 

Buse 2011 [107] Exenatide 10 µg BID 26 weeks 185 61% 

 Liraglutide 1.2 mg/ day  369 9 

 Liraglutide 1.8 mg/ day  587 8 

Astrup 2012 [189] Liraglutide 1.2 – 3.0 mg/ day 2 years 374 1.6 

Dungan 2014 [190] Liraglutide 1.8 mg/ day 26 weeks 300 Not assessed 

 Dulaglutide 1.5 mg once weekly  299 1 

Ahren 2013 [191] Lixisenatide 20 µg/ day (morning) 24 weeks 255 74 

 Lixisenatide 20 µg/ day (evening)  255 72 

Riddle 2013 [33] Lixisenatide 20 µg/ day 24 weeks 327 70 

Leiter 2014 [195] Albiglutide 30-50 mg once weekly 52 weeks 249 3 

Rosenstock 2014 [194] Albiglutide 30-50 mg once weekly 26 weeks 285 3 

Ahren 2014 [122] Albiglutide 30-50 mg once weekly 104 weeks 302 7 

Reusch 2014 [45] Albiglutide 30 mg once weekly 52 weeks 150 <3 

Home 2015 [121] Albiglutide 30 mg once weekly 52 weeks 271 4.4 

Nauck 2014 [197] Dulaglutide 0.75 mg once weekly 52 weeks 302 2 

 Dulaglutide 1.5 mg once weekly  304 <1 

Umpierrez 2014 [198] Dulaglutide 0.75 mg once weekly 52 weeks 270 1.5 

 Dulaglutide 1.5 mg once weekly  269 2 

Wysham 2014 [49] Dulaglutide 0.75 mg once weekly 52 weeks 280 1.1 

 Dulaglutide 1.5 mg once weekly  279 1.8 

 Exenatide 10 µg BID  276 21 

Weinstock 2015 [199] Dulaglutide 0.75 mg once weekly 104 weeks 302 2 

 Dulaglutide 1.5 mg once weekly  304 1 
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Table 5 . Injections site reactions with GLP-1 receptor agonists 
 

Study Drug Duration Number of patients % of patients with injec-

tion site reactions 

Norwood 2012 [117] Exenatide 2 mg once weekly 104-117 weeks 134 12* 

Buse 2013 [38] Exenatide 2 mg once weekly 26 weeks 461 10* 

 Liraglutide 1.8 mg/ day 26 weeks 450 1* 

Rosenstock 2013 [184] Exenatide 10 µg BID 24 weeks 316 2 

 Lixisenatide 20 µg once daily  24 weeks 318 9 

Diamant 2014 [185] Exenatide 2 mg once weekly 3 years 233 5* 

Liraglutide 2.4/ 3.0 mg/ day after 1-

year 1.2 mg/ day 

2 years 95 11 

Liraglutide 2.4/ 3.0 mg/ day after 1-

year 1.8 mg/ day 

 90 16 

Astrup 2012 [189] 

(skin and subcutaneous 

tissue disorders) 

Liraglutide 2.4/ 3.0 mg/ day after 1-

year 2.4 mg/ day 

 93 12 

 Liraglutide 2.4/ 3.0 mg/ day after 1-

year 3.0 mg/ day 

 93 13 

Pratley 2014 [23] Liraglutide 1.8 mg/ day 32 weeks 408 1 

 Albiglutide 50 mg once weekly  404 7 

Dungan 2014 [190] Liraglutide 1.8 mg/ day 26 weeks 300 2 patients 

 Dulaglutide 1.5 mg once weekly  299 1 patient 

Seino 2012 [134] Lixisenatide 20 µg/ day 24 weeks 154 1 

Ahren 2013 [191] Lixisenatide 20 µg/ day (morning) 24 weeks 255 7 

 Lixisenatide 20 µg/ day (evening)  255 7 

Riddle 2013 [133] Lixisenatide 20 µg/ day 24 weeks 223 7 

Pinget 2013 [120] Lixisenatide 20 µg/ day 24 weeks 194 4 

Riddle 2013 [33] Lixisenatide 20 µg/ day 24 weeks 327 1 

Bolli 2014 [192] Lixisenatide 20 µg/ day 76 weeks 161 6 

Rosenstock 2014 [194] Albiglutide 30-50 mg once weekly 26 weeks 285 10 

Ahren 2014 [122] Albiglutide 30-50 mg once weekly 104 weeks 302 10 

Leiter 2014 [195] Albiglutide 30-50 mg once weekly 52 weeks 249 8 

Reusch 2014[45] Albiglutide 30 mg once weekly 52 weeks 150 11 

Weissman 2014 [196] Albiglutide 30 mg once weekly 52 weeks 504 9 

Home 2015 [121] Albiglutide 30 mg once weekly 52 weeks 271 13 

Umpierrez 2014 [198] Dulaglutide 0.75 mg once weekly 52 weeks 270 2 

 Dulaglutide 1.5 mg once weekly  269 4 

Weinstock 2015 [199] Dulaglutide 0.75 mg once weekly 104 weeks 302 1 

 Dulaglutide 1.5 mg once weekly  304 1 
 

Legend: * Injection site nodule. 
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Table 6 .  Incidence of hypoglycemia in selected placebo-controlled studies with GLP-1 receptor agonists combined with sulphonylureas 
 

Drug Study 

duration 

Diabetes du-

ration (yr) 

Baseline 

HbA1 c (%) 

Sulphonylureas used Results 

Exenatide 5 µg or 10 µg 

twice daily or placebo in 

sulphonylurea-treated 

patients [180]  

30 weeks ≈6.3 ± 6.6 8.6 ± 1.2 Glipizide 20 mg (45%), gly-

buride 10 mg (33%), 

glimepiride 4 mg (20%), to-

lazamide 500 mg (1%), chlor-

propamide 350 mg (0.3%) 

Mild to moderate hypoglyce-

mia: 36% with 10 µg exenatide, 

14% with 5 µg exenatide, 3% 

with placebo. No serious hypo-

glycemias. 

Exenatide 2 mg once 

weekly or insulin detemir 

once or twice-daily in met-

formin/ sulfonylureas-

treated patients [200] 

26 weeks 8 ± 6 8.4 ± 0.9 Gliclazide (59%), glibencla-

mide (1%), glipizide (3%), 

glimepiride (6%), sulphona-

mides/ urea derivatives (1%) 

No major hypoglycemias. Five 

patients (5%; 9.9 per 100 patient-

years) in the exenatide group 

and 6 patients (6%; 17.8 per 100 

patient-years) in the detemir 

group had at least one episode 

of minor hypoglycemia 

Liraglutide 1.8 mg once 

daily or insulin glargine or 

placebo, in combination 

with metformin and 

glimepiride (4 mg once 

daily) [42]  

 

26 weeks 9.2 ± 5.8 8.3 ± 0.9 Glimepiride 2-4 mg/ day Major hypoglycemic episodes: 

0.06, 0, 0 events/ patient/ yr. 

Minor hypoglycemic episodes: 

1.2, 1.3, 1.0 events/ patient/ yr. 

Symptoms only: 1.0, 1.8, 0.5 

events/ patient/ year with 

liraglutide, insulin glargine, and 

placebo, respectively. 

Liraglutide (0.6, 1.2 or 1.8 

mg/ day) or rosiglitazone 

4 mg/ day or placebo, in 

combination with glime-

piride 2-4 mg/ day [32] 

26 weeks 6.5 (3.7-10.7) 8.4 ±1.1 Glimepiride (2-4 mg/ day) One major hypoglycemic epi-

sode with liraglutide 1.8 

mg/ glimepiride combination. 

Minor hypoglycemia: liraglutide 

1.8 mg (8.1%, 0.47 

events/ subject/ yr, p = 0.0065 

compared with rosiglitazone), 

liraglutide 1.2 mg (9.2%, 0.51 

events/ subject/ yr, p = 0.0024 

compared with rosiglitazone), 

liraglutide 0.6 mg (5.2%, 0.17 

events/ subject/ yr), rosiglita-

zone (4.3%, 0.12 

events/ subject/ yr), placebo 

(2.6%; 0.17 events/ subject/ yr). 

Lixisenatide 20 µg once-

daily or placebo on top of 

sulphonylureas ± met-

formin [201] 

24 weeks 9.1 ± 6.0 8.3 ± 0.9 Glimepiride (41%), glyburide 

(33%), gliclazide (18%), 

glipizide (8%), other (<1%) 

One severe hypoglycemia with 

lixisenatide. Symptomatic hy-

poglycemia: lixisenatide 15.3%, 

placebo 12.3%. 

Albiglutide 30-50 

mg/ week or pioglitazone 

30-45 mg/ day or placebo, 

in combination with met-

formin and glimepiride 4 

mg/ day [121] 

52 weeks 8.5 ± 6.3 8.2 ± 0.9 Glimepiride 4 mg/ day Severe hypoglycemia: albiglu-

tide 1 event, pioglitazone 3 

events, placebo 0 events. Docu-

mented symptomatic hypogly-

cemia: albiglutide 25.3%, piogli-

tazone 13.7%, placebo 7%. 
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Table 7 . Incidence of upper respiratory and urinary tract infection with GLP-1 receptor agonists 
 

Adverse event Study Drug Duration Number of 

patients 

% of patients with the 

adverse event 

Upper respiratory 

tract infection  

Drucker 2008 [181] Exenatide 10 µg BID 30 weeks 145 17 

  Exenatide 2 mg once weekly 30 weeks 148 8 

 Buse 2009 [31] Exenatide 10 µg BID 26 weeks 232 6 

  Liraglutide 1.8 mg/ day 26 weeks 235 6 

 Buse 2010 [182] Exenatide 2 mg once weekly 52 weeks 128 13 

 Bergenstal 2010 [43] Exenatide 2 mg once weekly 26 weeks 160 4 

 Blevins 2011 [183] Exenatide 10 µg BID 24 weeks 123 4 

  Exenatide 2 mg once weekly 24 weeks 129 7 

 Norwood 2012 [117] Exenatide 2 mg once weekly 104-117 weeks 134 10 

 Buse 2013 [38] Exenatide 2 mg once weekly 26 weeks 461 3 

  Liraglutide 1.8 mg/ day 26 weeks 450 3 

 Diamant 2014 [185] Exenatide 2 mg once weekly 3 years 233 13 

(nasopharyngitis) 

 Xu 2015 [17] Exenatide 10 µg BID 48 weeks 142 11 

 Garber 2009 [37] Liraglutide 1.2 mg/ day 52 weeks 251 9 

  Liraglutide 1.8 mg/ day 52 weeks 246 10 

 Russell-Jones 2009 [42] Liraglutide 1.8 mg/ day 26 weeks 230 9 

(nasopharyngitis) 

 Pratley 2010 [186] Liraglutide 1.2 mg/ day 26 weeks 221 7 

  Liraglutide 1.8 mg/ day  218 11 

(nasopharyngitis) 

 Pratley 2010 [186] Liraglutide 1.2 mg/ day 26 weeks 221 10 

(nasopharyngitis) 

  Liraglutide 1.8 mg/ day  218 13 

 Garber 2011 [187] Liraglutide 1.2 mg/ day 2 years 251 14 

  Liraglutide 1.8 mg/ day  246 13 

 Pratley 2011 [188] Liraglutide 1.2 mg/ day 52 weeks 221 12 

(nasopharyngitis) 

  Liraglutide 1.8 mg/ day  218 15 

(nasopharyngitis) 

 Astrup 2012 [189] Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 1.2 mg/ day 

2 years 95 11 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 1.8 mg/ day 

 90 9 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 2.4 mg/ day 

 93 13 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 3.0 mg/ day 

 93 14 

 Pratley 2014 [23] Liraglutide 1.8 mg/ day 32 weeks 408 11 

  Albiglutide 50 mg once weekly  404 10 

 Dungan 2014 [190] Liraglutide 1.8 mg/ day 26 weeks 300 7 

  Dulaglutide 1.5 mg once 

weekly 

 299 8 

 Seino 2012 [134] Lixisenatide 20 µg/ day 24 weeks 154 14 

 Rosenstock 2014 [194] Albiglutide 30-50 mg once 

weekly 

26 weeks 285 6 
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 Ahren 2014 [122] Albiglutide 30-50 mg once 

weekly 

104 weeks 302 16 

 Leiter 2014 [195] Albiglutide 30-50 mg once 

weekly 

52 weeks 249 6 

 Reusch 2014[45] Albiglutide 30 mg once weekly 52 weeks 150 11 

 Weissman 2014 [196] Albiglutide 30 mg once weekly 52 weeks 504 9 

 Nauck 2014 [197] Dulaglutide 0.75 mg once 

weekly 

52 weeks 302 5 

  Dulaglutide 1.5 mg once 

weekly 

 304 5 

 Umpierrez 2014 [198] Dulaglutide 0.75 mg once 

weekly 

52 weeks 270 6 

  Dulaglutide 1.5 mg once 

weekly 

 269 6 

 Wysham 2014 [49] Dulaglutide 0.75 mg once 

weekly 

52 weeks 280 8 

  Dulaglutide 1.5 mg once 

weekly 

 279 5 

  Exenatide 10 µg BID  276 7 

 Weinstock 2015 [199] Dulaglutide 0.75 mg once 

weekly 

104 weeks 302 7 

  Dulaglutide 1.5 mg once 

weekly 

 304 7 

Urinary tract infec-

tion 

Drucker 2008 [181] Exenatide 10 µg BID 30 weeks 145 8 

  Exenatide 2 mg once weekly 30 weeks 148 10 

 Buse 2010 [182] Exenatide 2 mg once weekly 52 weeks 128 2 

 Bergenstal 2010 [43] Exenatide 2 mg once weekly 26 weeks 160 6 

 Garber 2009 [37] Liraglutide 1.2 mg/ day 52 weeks 251 8 

  Liraglutide 1.8 mg/ day 52 weeks 246 4 

 Garber 2011 [187] Liraglutide 1.2 mg/ day 2 years 251 10 

  Liraglutide 1.8 mg/ day  246 6 

 Astrup 2012 [189] Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 1.2 mg/ day 

2 years 95 2 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 1.8 mg/ day 

 90 2 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 2.4 mg/ day 

 93 4 

  Liraglutide 2.4/ 3.0 mg/ day 

after 1-year 3.0 mg/ day 

 93 3 

 Pratley 2014 [23] Liraglutide 1.8 mg/ day 32 weeks 408 6 

  Albiglutide 50 mg once weekly  404 6 

 Leiter 2014 [195] Albiglutide 30-50 mg once 

weekly 

52 weeks 249 9 

 Rosenstock 2014 [194] Albiglutide 30-50 mg once 

weekly 

26 weeks 285 8 

 Reusch 2014 [45] Albiglutide 30 mg once weekly 52 weeks 150 7 

 Weissman 2014 [196] Albiglutide 30 mg once weekly 52 weeks 504 6 

 Nauck 2014 [197] Dulaglutide 0.75 mg once 

weekly 

52 weeks 302 6 

  Dulaglutide 1.5 mg once 

weekly 

 304 5 
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 Wysham 2014 [49] Dulaglutide 0.75 mg once 

weekly 

52 weeks 280 5 

  Dulaglutide 1.5 mg once 

weekly 

 279 6 

  Exenatide 10 µg BID  276 5 

 Weinstock 2015 [199] Dulaglutide 0.75 mg once 

weekly 

104 weeks 302 7 

  Dulaglutide 1.5 mg once 

weekly 

 304 7 

 

 

Table 8 . Incidence of headache with GLP-1 receptor agonists 
 

Study Drug Duration Number 

of patients 

% of patients 

with headache 

Buse 2009 [31] Exenatide 10 µg BID 26 weeks 232 10 

 Liraglutide 1.8 mg/ day 26 weeks 235 9 

Bergenstal 2010[43] Exenatide 2 mg once weekly 26 weeks 160 9 

Blevins 2011 [183] Exenatide 10 µg BID 24 weeks 123 8 

 Exenatide 2 mg once weekly 24 weeks 129 5 

Norwood 2012 [117] Exenatide 2 mg once weekly 104-117 weeks 134 10 

Buse 2013 [38] Exenatide 2 mg once weekly 26 weeks 461 6 

 Liraglutide 1.8 mg/ day 26 weeks 450 8 

Diamant 2014 [185] Exenatide 2 mg once weekly 3 years 233 10 

Xu 2015 [17] Exenatide 10 µg BID 48 weeks 142 2 

Garber 2009 [37] Liraglutide 1.2 mg/ day 52 weeks 251 11 

 Liraglutide 1.8 mg/ day 52 weeks 246 7 

Russell-Jones 2009 [42] Liraglutide 1.8 mg/ day 26 weeks 230 10 

Pratley 2010 [186] Liraglutide 1.2 mg/ day 26 weeks 221 9 

 Liraglutide 1.8 mg/ day  218 11 

Garber 2011 [187] Liraglutide 1.2 mg/ day 2 years 251 11 

 Liraglutide 1.8 mg/ day  246 7 

Pratley 2011 [188] Liraglutide 1.2 mg/ day 52 weeks 221 10 

 Liraglutide 1.8 mg/ day  218 13 

Astrup 2012 [189] Liraglutide 2.4/ 3.0 mg/ day after 1-year

1.2 mg/ day 

2 years 95 24 

 Liraglutide 2.4/ 3.0 mg/ day after 1-year

1.8 mg/ day 

 90 18 

 Liraglutide 2.4/ 3.0 mg/ day after 1-year

2.4 mg/ day 

 93 25 

 Liraglutide 2.4/ 3.0 mg/ day after 1-year

3.0 mg/ day 

 93 24 

Pratley 2014 [23] Liraglutide 1.8 mg/ day 32 weeks 408 5 

 Albiglutide 50 mg once weekly  404 5 

Dungan 2014 [190] Liraglutide 1.8 mg/ day 26 weeks 300 8 

 Dulaglutide 1.5 mg once weekly  299 7 

Seino 2012 [134] Lixisenatide 20 µg/ day 24 weeks 154 10 

Rosenstock 2014 [194] Albiglutide 30-50 mg once weekly 26 weeks 285 7 

Reusch 2014[45] Albiglutide 30 mg once weekly 52 weeks 150 7 
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