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ABSTRACT

Glucagon-like peptide-1 receptor agonists (GLP-1
RAs) are well established as effective treatments
for patients with type 2 diabetes. GLP-1 RAs
augment insulin secretion and suppress gluca-
gon release via the stimulation of GLP-1 recep-
tors. Although all GLP-1 RAs share the same
underlying mechanism of action, they differ
in terms of formulations, administration, injec-
tion devices and dosages. With six GLP-1 RAs
currently available in Europe (namely, immedi-
ate-release exenatide, lixisenatide, liraglutide;
prolonged-release exenatide, dulaglutide and
semaglutide), each with its own characteristics
and administration requirements, physicians
caring for patients in their routine practice face

the challenge of being cognizant of all this
information so they are able to select the agent
that is most suitable for their patient and use it in
an efficient and optimal way. The objective of
this review is to bring together practical infor-
mation on the use of these GLP-1 RAs that reflects
their approved use.
Funding: Eli Lilly and Company.
Plain Language Summary: Plain language sum-
mary available for this article.
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PLAIN LANGUAGE SUMMARY

Type 2 diabetes (T2D) is a common condition
characterized by insulin resistance and dys-
function of insulin-producing beta cells. T2D
can be treated using glucagon-like peptide-1
receptor agonists (GLP-1 RAs). These well-
established and effective treatments lower
blood sugar levels and reduce body weight. Six
GLP-1 RAs are currently available in Europe: the
immediate-release formulations exenatide,
lixisenatide and liraglutide and the prolonged-
release formulations exenatide, dulaglutide and
semaglutide. These drugs all have the same
mechanism of action, but they differ in a
number of important features, including (1)
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Órbigo, León, Spain

F. Gomez-Peralta
Unidad de Endocrinologı́a y Nutrición, Hospital
General de Segovia, Segovia, Spain

Diabetes Ther (2019) 10:5–19

https://doi.org/10.1007/s13300-018-0535-9

http://dx.doi.org/10.6084/m9.figshare.7308866
http://dx.doi.org/10.6084/m9.figshare.7308866
http://dx.doi.org/10.6084/m9.figshare.7308866
http://dx.doi.org/10.6084/m9.figshare.7308866
https://doi.org/10.1007/s13300-018-0535-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-018-0535-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-018-0535-9&amp;domain=pdf


treatment frequency (e.g. twice daily vs. once
weekly); (2) whether they need to be taken at a
particular time in relation to meals; (3) suit-
ability for use in particular patient populations
(e.g. elderly patients and those with kidney or
liver problems); and (4) characteristics of the
injection device (e.g. whether it is ‘ready to use’
by the patient or requires mixing of different
components, and whether the needle is pre-
attached and hidden or needs to be attached by
the patient). The GLP-1 RAs also show some
differences in their effects on cardiovascular
events and in the incidence of side effects such
as nausea and vomiting. First opinion physi-
cians need to be aware of all this information so
that they can select the agent that is most
suitable for each patient. The aim of this review
is to bring together practical information on the
use of the GLP-1 RAs.

INTRODUCTION

The first step in the management of type 2
diabetes (T2D) is modification of diet and life-
style, often with the addition of the oral
antidiabetic drug metformin, which nowadays
is the drug of first choice for monotherapy. As
the disease progresses, treatment of T2D
becomes more complex. When initial approa-
ches are no longer sufficient to maintain the
glycated hemoglobin (HbA1c) target, even with
the highest approved dosage of metformin,
guidelines recommend that additional antidia-
betic drugs be added to the treatment regimen
[1]. Comorbidities further complicate the man-
agement of T2D, as they need to be taken into
account when considering the most appropriate
drug and doses if treatment intensification is
needed. Indeed, in studies conducted both in
Europe and the USA, over 90% of patients with
T2D exhibited two or more chronic conditions,
the most common being hypertension, over-
weight/obesity, hyperlipidemia, chronic kidney
disease and/or cardiovascular (CV) disease [2].
Thus, although glucose control remains the
major focus in the management of patients with
T2D, treatment should always be considered in
the context of a comprehensive approach to
include comorbid conditions [1].

In addition to metformin, available glucose-
lowering agents include sulfonylureas, thiazo-
lidinediones, glinides, alpha-glucosidase inhi-
bitors, dipeptidyl peptidase-4 (DPP4) inhibitors,
sodium–glucose cotransporter 2 (SGLT2) inhi-
bitors, GLP-1 RAs and insulin.

Drugs belonging in the GLP-1 RA class, the
focus of this review, reduce glucose levels by
augmenting insulin secretion and suppressing
glucagon release in a glucose-dependent man-
ner; GLP-1 RAs also delay gastric emptying and
increase satiety [3]. GLP-1 RAs reduce fasting
and postprandial glucose levels by stimulating
GLP-1 receptors [4]. The physiological effects of
GLP-1 RAs are summarized in Table 1 [5–9].
Endogenous GLP-1 has a half-life of 2–3 min
due to degradation by DPP-4. In contrast, GLP-1
RAs are resistant to degradation by DPP-4,
resulting in prolongation of their half-life and
facilitating their clinical use [3].

GLP-1 RAs have been available in Europe and
the USA for more than a decade. The first
available GLP-1 RA, immediate-release, twice-
daily exenatide, was approved in Europe in
2006. Additional agents subsequently gained
regulatory approval and are currently being
marketed, including once-daily lixisenatide and
liraglutide, and once-weekly prolonged-release
exenatide, dulaglutide and semaglutide.
Albiglutide, another once-weekly GLP-1 RA, is
not included in this review as its manufacture
and sale were discontinued in July 2018 [10].

GLP-1 RAs share the same underlying
mechanism of action, but they differ in terms of
formulations, administration, injection devices
and dosages. Although all of the known GLP-1
RAs produce clinically significant reductions in
HbA1c levels and body weight, some differences
between them have been reported in head-to-
head studies [11], including their impact on CV
risk factors [12] and gastrointestinal tolerability
[13].

With six GLP-1 RAs currently available in
Europe, each with its own characteristics and
administration requirements, physicians caring
for patients in their routine practice face the
challenge of being cognizant of all this infor-
mation in order to be able to select the agent
most suitable for their patient and use it in an
efficient and optimal way. In fact, some surveys
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indicate that there is a need for more education
and knowledge on the use of these agents in
primary care settings [14]. The objective of this
review is to bring together practical information
based on European Union (EU) labeling on the
use of available GLP-1 RAs, focusing on posol-
ogy, modes of administration/devices, clinical
efficacy, use in special populations and safety
and precautions. In this review we focus on EU
labels; as such, an in-depth review of available
clinical data on these GLP-1 RAs is beyond the
scope of the article. Therefore, information
from observational or pragmatic studies or
information from prescribing information
approved in other regions is not included, with
the exception of certain safety information.
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors. The aim of the paper is to
gather very practical information to facilitate
the use of this class of drugs.

POSOLOGY AND MODE
OF ADMINISTRATION

Initial recommended dosages and administra-
tion requirements with regard to meals for each
of the GLP-1 RAs discussed in this review are
presented in Table 2. Of note, GLP-1 RAs
administered daily require dose titration,
whereas this is not necessary for the once-
weekly drugs dulaglutide and exenatide. The
recommended dose of dulaglutide when used in
combination with other glucose-lowering
agents, including insulin, is 1.5 mg once
weekly; when used as monotherapy, the rec-
ommended dose of dulaglutide is 0.75 mg once
weekly [15]. The recommended dose of pro-
longed-release exenatide is 2 mg once weekly
[16]. The starting dose of once-weekly
semaglutide is 0.25 mg; this should be increased
to 0.5 mg after 4 weeks and can be further
increased to 1 mg if required after at least
4 weeks at 0.5 mg once weekly [17].

Table 1 The physiological effects of glucagon-like peptide-1 receptor agonists

Location Increased Decreased

Brain Neuroprotection (preclinical) Appetite

Cardiovascular system Regional and global LV function Blood pressure

Heart rate (Clinical) Endothelial dysfunction (Preclinical)

– Ischemia-induced myocardial damage

Muscle Glucose uptakea –

Adipose tissue Glucose uptake –

Lipolysis –

Liver – Glucose productiona

Lipid profile

Stomach – Gastric emptying (Clinical)

Kidney Natriuresis –

Pancreas Glucose-dependent insulin secretion (Clinical) Glucose-dependent glucagon secretion (Clinical)

Beta cell proliferationb Beta cell apoptosisb

Data were extracted from references [5–9]
LV left ventricular
a Indirect action
b In animal models
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Table 2 Dosage and administration requirements for glucagon-like peptide-1 receptor agonists based on European Union
summary of product characteristics of each agent

Drug Titration Initial
dosage

Recommended
dosage

Administration in
relation to meals

Missed dose

Once-daily

Exenatide Yes 5 mcg BID

for at

least

1 month

5–10 mcg BIDb Should be

administered

within 60 min

before main

meals

Continue with the next scheduled

dose

Liraglutide Yes 0.6 mg OD

for at

least

1 week

1.2–1.8 mg ODc At any time,

without regard

to meals

B 12 h: administer the dose as soon

as possible

[ 12 h: skip the dose

Lixisenatide Yes 10 mcg OD

for

14 days

20 mcg OD Should be

administered

within 60 min

before any meal

Administer the dose within 1 h

before the next meal

Once-weekly

Exenatide No Not

applicable

2 mg once weekly At any time,

without regard

to meals

Administer the next dose as soon as

practical. Only one injection

should be administered in a 24-h

period

Dulaglutide Noa Not

applicable

Monotherapy:

0.75 mg once

weekly

Add-on therapy:

1.5 mg once weekly

At any time,

without regard

to meals

C 3 days until the next scheduled

dose: administer the dose as soon

as possible

\ 3 days: skip the dose, wait and

administer their next regularly

scheduled weekly dose

Semaglutide Yes 0.25 mg

once

weekly

for

4 weeks

0.5–1.0 mg once

weekly (dose

increase after

4 weeks if

required)

At any time,

without regard

to meals

C 5 days until the next scheduled

dose: administer the dose as soon

as possible

\ 5 days: skip the dose, wait and

administer their next regularly

scheduled weekly dose

Data were extracted from references [15–20, 30]
BID Twice a day, OD once daily
a In elderly patients, a lower dose of 0.75 mg once weekly can be considered
b Immediate-release exenatide should be initiated at 5 mcg per dose administered BID for at least 1 month to improve
tolerability; the dose can then be increased to 10 mcg BID to further improve glycemic control
c Liraglutide should be initiated at a dose of 0.6 mg daily to improve gastrointestinal tolerability; after at least 1 week, the
dose should be increased to 1.2 mg and a further increase to 1.8 mg may be required to further improve glycemic control
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GLP-1 RAs differ in their requirements for
the timing of administration with regard to
meals. Immediate-release exenatide and lixise-
natide should be administered before meals
because they are associated with a greater delay
in gastric emptying than once-weekly exenatide
and dulaglutide [11]. Thus, immediate-release
exenatide should be administered at any time
within the 60-min period before the morning
and evening meal (or two main meals of the
day, approximately C 6 h apart) [18]. Immedi-
ate-release exenatide should not be adminis-
tered after a meal [18]. Once-daily lixisenatide
also should be administered within 1 h before
any meal of the day, preferably the same meal
every day [19]. By contrast, prolonged-release
exenatide [16], once-daily liraglutide and once-
weekly dulaglutide and semaglutide [15, 17, 20]
can be administered without taking meals into
account.

INDICATIONS

All GLP-1 RAs are indicated in combination
with other glucose-lowering medication(s),
including insulin, when these—together with
diet and exercise—do not provide adequate
glycemic control [15–20]. Liraglutide, dulaglu-
tide and semaglutide are also indicated as
monotherapy when there is inadequate gly-
cemic control with diet/exercise and when
metformin is considered to be inappropriate
due to intolerance or contraindications
[15, 17, 20].

ADMINISTRATION
IN COMBINATION WITH ORAL
ANTIDIABETIC DRUGS

Recommendations for using GLP-1 RAs in
combination with other antihyperglycemic
agents vary across the agents. All GLP-1 RAs
have been studied in combination with met-
formin, with or without sulfonylureas [21].
When a GLP-1 RA is administered in combina-
tion with a sulfonylurea, a reduction in the dose
of the sulfonylurea should be considered, to
reduce the risk of hypoglycemia [15–20]. GLP-1

RAs in combination with DPP-4 inhibitors do
not provide additive glucose-lowering effects
and therefore should be avoided [22].

Immediate- and prolonged-release exe-
natide, liraglutide, dulaglutide and semaglutide
can be administered with pioglitazone—a thia-
zolidinedione—without the need to change the
dose of pioglitazone [15–18, 20]. No informa-
tion on dose adjustments of pioglitazone
appears in the summary of product character-
istics (SPC) of lixisenatide [19]. The use of the
combination of GLP-1 RAs with SGLT2 inhibi-
tors in patients with T2D has only been studied
in randomized clinical trials with prolonged-
release exenatide [23, 24] and dulaglutide [25],
and the results are summarized in their EU SPCs
[15, 16].

ADMINISTRATION
IN COMBINATION WITH INSULIN

In general, when a GLP-1 RA (e.g. immediate-
release exenatide, liraglutide, lixisenatide,
dulaglutide or semaglutide) is administered in
combination with basal insulin, it is recom-
mended that a reduction in the dose of basal
insulin should be considered to reduce the risk
of hypoglycemia [15, 18–20]. It has been
reported that when prolonged-release exenatide
was added to basal insulin, no initial dose
adjustment of insulin was required [16]. There
are no specific recommendations in the SPCs on
how to reduce the dose of insulin. In some
studies, the dose of insulin was reduced by 20%
at randomization in all patients [26] or in those
with an HbA1c of\ 8% [27, 28].

The addition of dulaglutide to a therapeutic
regimen of prandial insulin lispro has also been
evaluated in a randomized clinical trial in
patients with T2D who did not achieve the
target glycemic control with a basal–bolus regi-
men [29]. In this study, dulaglutide in combi-
nation with insulin lispro produced
significantly greater reductions in HbA1c levels
compared to insulin glargine combined with
insulin lispro. However, there are limited data
to support the general use of GLP-1 RA in
combination with prandial insulin.

Diabetes Ther (2019) 10:5–19 9



PRECAUTIONS FOR THE USE
OF GLP-1 RAs IN SPECIAL
POPULATIONS

According to EU prescribing information, GLP-1
RAs should not be used in patients with type 1
diabetes mellitus or for the treatment of diabetic
ketoacidosis.

Based on EU labels, there is no contraindi-
cation of the use of GLP-1 RAs in patients with
personal or family history of medullary thyroid
cancer or multiple endocrine neoplasia syn-
drome [15–20, 30]. However, based on pre-
scribing information issued by the U.S. Food
and Drug Administration the use of dulaglutide,
liraglutide, semaglutide and exenatide once
weekly is contraindicated in these patients
[31–34].

Gender and ethnicity have no clinically
meaningful effect on the pharmacokinetics of
GLP-1 RAs [15–20, 30]; therefore, dose adjust-
ment based on these characteristics is not
required. GLP-1 RAs do not require dose
adjustments based on the body weight or the
body mass index.

Most GLP-1 RAs do not require dose adjust-
ment in elderly patients. However, a lower
starting dose (0.75 mg once weekly) of
dulaglutide can be considered in patients
aged C 75 years [15]. Also, immediate-release

exenatide should be used with caution, and
dose escalation from 5 to 10 mcg should pro-
ceed conservatively in patients aged[70 years
[16].

With the exception of exenatide, all GLP-1
RAs can be used without dose adjustments in
patients with mild (estimated glomerular filtra-
tion rate [eGFR] 50–80 mL/min) or moderate
(eGFR 30–50 mL/min) renal impairment
[15–20] (Fig. 1). In patients with moderate renal
impairment (creatinine clearance 30–50 mL/
min), immediate-release exenatide requires
dose escalation [18], and exenatide once-weekly
is not recommended [16]. Liraglutide [20],
dulaglutide [15] and semaglutide [17] can be
used in patients with severe renal impairment
(eGFR C 15 to\ 30 mL/min) without dose
adjustment; however, the remaining GLP-1 RAs
are not recommended in this population
[16, 18, 19]. GLP-1 RAs are not recommended in
patients with end-stage renal disease
(eGFR\15 mL/min) [15–20].

With the exception of liraglutide, all of the
GLP-1 RAs can be used without dose adjustment
in patients with hepatic impairment, regardless
of severity [15–20]. The pharmacokinetics of
liraglutide may be altered in patients with
hepatic impairment due to the binding of
liraglutide to serum albumin and concomitant
hypoalbuminemia [20]. Systemic exposure to
liraglutide has been found to be significantly

Fig. 1 Recommendations for the use of glucagon-like
peptide-1 receptor agonists in patients with renal impair-
ment. Based on the EU summary of product characteristic

of each agent [15–20]. BID twice daily, CKD Chronic
Kidney Disease, eGFR estimated glomerular filtration rate,
QW once weekly
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lower (44%) in patients with severe hepatic
impairment (Child–Pugh score[9); therefore,
this drug is not recommended in this popula-
tion [20].

SAFETY ISSUES, GENERAL
WARNINGS AND PRECAUTIONS
FOR THE USE OF GLP-1 RAs

As a class, GLP-1 RAs are generally well tolerated
[35]. The most common adverse events are
nausea and vomiting, both of which are usually
transient and of mild or moderate severity, and
patients can develop tolerance to these adverse
effects over time [35]. The frequency of nausea
among patients ranges from 13% with dulaglu-
tide (0.75 mg), approximately 20% with
liraglutide, prolonged-release exenatide,
dulaglutide (1.5 mg) and semaglutide, 26% with
lixisenatide and 36% with one-daily exenatide.
The rate of discontinuation due to gastroin-
testinal adverse events ranges from about 1%
with prolonged-release exenatide to 5% with
semaglutide and once-daily exenatide [15–20].

Experience is limited on the use of the GLP-1
RAs in patients with severe gastrointestinal
diseases, including gastroparesis. Therefore,
these drugs are not recommended in these
patients [15–20, 30].

Acute pancreatitis has been observed with
the use of GLP-1 RAs [36]. According to the SPCs
of all GLP-1 RAs, patients should be informed of
the characteristic symptom of acute pancreati-
tis: persistent, severe abdominal pain
[15–20, 30]. If pancreatitis is suspected, these
drugs should be discontinued; if acute pancre-
atitis is confirmed, they should not be restarted
[15–20, 30]. Of note, two recent meta-analyses
found no evidence that treatment with GLP-1
RAs increases the risk of acute pancreatitis or
pancreatic cancer [37, 38]. Large, randomized
CV outcome trials with GLP-1 RAs have not
found any increased risk of pancreatitis or
pancreatic cancers [37, 39–41].

Injection-site reactions have been described
with GLP-1 RAs; however, it is difficult to
compare the incidence between the GLP-1 RAs
as data are limited. In one head-to-head com-
parison, injection-site nodules were less

frequent with liraglutide than with once-weekly
exenatide (1% vs. 10%) [42], while in another
trial dulaglutide and liraglutide were associated
with a similar frequency of injection-site reac-
tions (\1%) [43]. In one randomized, open-la-
bel trial, the frequency of injection-site
reactions was reported in 1% of patients with
dulaglutide at a dose of 0.75 mg and semaglu-
tide at a dose of 0.5 mg; at a higher dose of
dulaglutide (1.5 mg) and semaglutide (1.0 mg),
3% and 2% of patients reported injection-site
reactions, respectively [44]. Patients moving
from twice-daily exenatide to once-weekly exe-
natide reported more injection-site reactions
(5.4%) than did patients on continuous once-
weekly treatment (0%) [45]. In another trial,
injection-site reactions were more frequent with
once-weekly exenatide than twice-daily exe-
natide (5.4% vs. 2.4%, respectively) [46].

There has been some concern—based on
results from animal studies—regarding a
potential association between the use of GLP-1
RAs and the occurrence of medullary thyroid
tumors [47, 48]. However, a meta-analysis of 26
randomized controlled trials (RCTs) of once-
weekly GLP-1 RAs showed that, compared to
other antidiabetic drugs, once-weekly GLP-1
RAs did not increase the risk of any tumor [49].

Dehydration, sometimes leading to renal
impairment and acute renal failure, has been
reported in patients treated with GLP-1 RAs
[47]. Therefore, patients treated with these
drugs should be advised of the potential risk of
dehydration [15–20], which usually occurs in
association with gastrointestinal adverse effects
but may occur without these adverse effects,
and should take precautions to avoid fluid
depletion [47]. In patients with diabetic
retinopathy, an increased risk of developing
diabetic retinopathy complications when trea-
ted with insulin and semaglutide has been
observed. Therefore, caution should be exer-
cised when prescribing semaglutide in combi-
nation with insulin to patients with diabetic
retinopathy [17].

For a detailed description of other tolerabil-
ity or safety issues of specific GLP-1 RAs, prac-
ticing physicians are referred to the
corresponding SPCs [15–20].
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CLINICAL EFFICACY

Effects on Glycemic Control

Overall, as shown by a meta-analysis of 57
randomized and non-randomized studies,
GLP-1 RAs are effective in improving glycemic
outcomes in patients with T2D, with an overall
lower risk of hypoglycemia than insulin or sul-
fonylureas [50]. In a meta-analysis of 82 RCTs,
the mean HbA1c decrease from baseline was
approximately 1% versus placebo [51]. Another
meta-analysis of 11 RCTs showed that pro-
longed-release exenatide and dulaglutide are
associated with greater reductions in HbA1c
level than basal insulin, whereas immediate-re-
lease exenatide and liraglutide were found not
to differ in this regard from the comparator [52].
In a meta-analysis of 19 RCTs, GLP-1 RAs added
to basal insulin therapy led to a greater reduc-
tion of HbA1c level and body weight than
therapy with basal insulin with or without a
rapid-acting insulin [53]. A meta-analysis of 13
RCTs reported that GLP-1 RAs were superior in
terms of HbA1c level and weight reductions
compared to DPP4 inhibitors, without increas-
ing the incidence of hypoglycemia [54].

Predictors of response to GLP-1 RAs may
differ across agents, while body weight and
disease duration do not appear to affect the
efficacy of these medications [55]. However, a
higher HbA1c level at treatment initiation is
associated with a greater efficacy of GLP-1 RAs
[56].

Other Effects

From the clinical perspective, GLP-1 RAs repre-
sent a unique approach for the treatment of
diabetes, with benefits extending beyond glu-
cose control, including beneficial effects on
body weight, blood pressure and beta-cell
function [57, 58].

Weight
The effect of GLP-1 RAs on body weight is often
included as a secondary outcome in many GLP-1
RA clinical trials [59]. The association between
weight loss and GLP-1 RAs is well documented

[59, 60]. In a meta-analysis of 51 randomized
controlled and uncontrolled trials, weight loss
with GLP-1 RAs ranged from - 3.31 to - 1.22 kg
compared to placebo, insulin or other oral
antidiabetic drugs [60].

Cardiovascular Events and Mortality
Regulatory authorities recommend demon-
strating CV safety for new antidiabetic agents
[61, 62]. Recent systematic reviews have
demonstrated that, as a class, GLP-1 RAs are
associated with a reduction in the risks of CV
events [59, 63]. For individual agents, however,
this has only been demonstrated for liraglutide
and semaglutide [39, 40, 49, 63]. Lixisenatide
and prolonged-release exenatide have demon-
strated a neutral effect on CV events [41, 64].
The impact of dulaglutide on CV events is cur-
rently being investigated in the REWIND RCT
[65]. Further evidence to support the CV safety
of GLP-1 RAs comes from a systematic review of
21 RCTs and four observational studies with
GLP-1 RAs which showed no evidence of an
increased risk of heart failure or hospitalization
for heart failure with these medications [66].

Of the four GLP-1 RAs involved in these
meta-analyses (lixisenatide, liraglutide,
semaglutide and prolonged-release exenatide),
only liraglutide and semaglutide have been
shown in RCTs to reduce CV events (any major
adverse CV events: CV death, non-fatal
myocardial infarction or non-fatal stroke) in
patients with T2D who are at high CV risk
[39, 40]. Liraglutide also significantly reduced
all-cause death. Based on the American Diabetes
Association (ADA) 2018 guidelines, considera-
tion should be given to adding an agent with
evidence of CV risk reduction to the therapeutic
regimen of patients with diabetes and
atherosclerotic CV disease [22].

CHARACTERISTICS
OF THE DIFFERENT GLP-1 RA
DEVICES

The complexity of dose regimens and patients’
perceptions of medications, including perceived
difficulty/ease of administration and fear of
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injections, are among the important factors
affecting acceptance of the initiation of an
injectable treatment and/or medication adher-
ence in patients with T2D [67, 68]. Therefore,
full knowledge of the characteristics and fea-
tures of the different GLP-1 RA devices and their
administration requirements (Table 3) could
help physicians select the most appropriate
agent for their patients.

All devices for daily formulations of GLP-1
RAs require needle attachment; however, nee-
dles are not provided by the manufacturer in
the product’s container for any daily GLP-1 RA.
Devices for daily formulations and semaglutide
require selection of the dose in the injection
device and removal/disposal of the needle after
each injection. Weekly formulations of
dulaglutide and exenatide do not require

selection of the dose and are single-use devices
(Table 3) [15–20]. Prolonged-release exenatide
requires reconstitution [16]. The pre-filled pen
has two chambers containing exenatide powder
and solvent. The powder in one chamber must
be mixed with the solvent in the other chamber
of the pre-filled pen. The solvent should be
visually inspected before use and should only be
used if it is clear and free of particulate matter.
After suspension, the mixture should only be
used if it is white to off-white and cloudy [16].
Prolonged-release exenatide has also recently
become available as a single-use, fixed-dose, pre-
filled pen that features a pre-attached hidden
needle and automatic dose administration that
requires mixing of the medicine by shaking the
device for 15 s before injection (Table 3) [16].

Table 3 Mode of administration and characteristics of glucagon-like peptide-1 receptor agonist pre-filled pen devices based
on European Union summary of product characteristics

Drug Reconstitution or
mixing required

Automatic dose
administration

Need to prime
device before use

Needle
attachment
required

Dose
selection
required

Single
use

Daily

Exenatide No No Yes Yes. Needles are

not included

Yes No

Liraglutide No No Yes Yes. Needles are

not included

Yes No

Lixisenatide No No Yes Yes. Needles are

not included

Yes No

Once-weekly

Exenatide Yes No No Yes. Needles are

included

No Yes

Exenatide

BCISE (pre-

filled pen)

Yes Yes No No. Pre-

attached

hidden needle

No Yes

Dulaglutide No Yes No No. Pre-

attached

hidden needle

No Yes

Semaglutide No No Yes Yes. Needles are

included

Yes No

Data are from references [15–20, 30]
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Dulaglutide includes a pre-attached hidden
needle, and the dose is administered automati-
cally by pressing a button (Table 3) [15]. The
device is ready to use by the patient, since no
dose selection, needle attachment, reconstitu-
tion or mixing procedure is required. The ease
of use of dulaglutide was evaluated in an
uncontrolled study conducted in 214 patients
with T2D [69]. In this study, 99% of patients
considered the device to be easy or very easy to
use [69]. In a study comparing patient percep-
tions of the injection devices used with
liraglutide and dulaglutide, the dulaglutide
device was associated with slightly higher scores
for ease of use and convenience compared to
the liraglutide device [70]. In a study conducted
in 382 patients with T2D via an internet survey,
patient preferences between liraglutide and
twice-daily exenatide were evaluated using four
attributes: efficacy as evaluated by HbA1c;
incidence of nausea; incidence of hypo-
glycemia; and dosing frequency [36]. In this
study, 96% of respondents preferred the profile
of liraglutide over that of exenatide. In an open-
label task and interview-based pilot study, the
liraglutide and lixisenatide pen devices were
associated with higher user satisfaction than the
immediate-release exenatide pen [71].

PLACE OF GLP-1 RAs
IN THE TREATMENT OF T2D

The GLP-1 RAs are well established as effective
treatments for patients with T2D for whom
lifestyle management (e.g. weight control,
increased exercise) and antihyperglycemic
monotherapy are insufficient to achieve gly-
cemic targets. Clinical guidelines consider GLP-1
RAs as second-line treatment after metformin
(dual therapy), as well as triple therapy and in
combination with insulin [22]. Notably, the
GLP-1 RAs can be considered to be an option
when treatment intensification is required
[1, 72, 73], both as monotherapy (liraglutide,
dulaglutide and semaglutide have been
approved for use in this setting [15, 17, 20]) and
combination therapy. However, cost-effective-
ness is an important consideration as the high

cost of GLP-1 RAs may act as a barrier for some
patients [22].

Clinical evidence from many RCTs has
shown that the GLP-1 RAs produce clinically
meaningful improvements in glycemic control,
including significant reductions in HbA1c and
fasting plasma glucose levels, both in patients
with T2D of recent onset and in those with
disease of long duration [74].

When used as components of dual or triple
therapy regimens, GLP-1 RAs offer the double
beneficial effect of a consistent glycemic control
and a moderate weight loss with a low rate of
hypoglycemia. A GLP-1 RA could be a preferred
option when weight control [75–77] or avoid-
ance of hypoglycemia is particularly important
[76]. They also may be used as an alternative to
basal insulin for certain patients, since they
provide at least similar efficacy but without
weight gain and, in some cases, a lower risk of
hypoglycemia [4]. Most GLP-1 RAs do not
require dose adjustment in elderly patients or in
patients with mild to moderate renal impair-
ment; therefore, they represent a useful treat-
ment option in these patient populations.

In addition, GLP-1 RAs appear to have a
favorable profile regarding CV risk factors. In
fact, some agents are associated with a risk
reduction of CV events [40] while others have a
neutral effect in this regard [41]. Thus, GLP-1
RAs also offer potential advantages in patients
at higher risk of CV events [76].

As a class, the GLP-1 RAs are generally well
tolerated, with nausea and vomiting being the
most common adverse events. It is important to
inform patients initiating GLP-1 RA therapy
that gastrointestinal related adverse effects may
occur initially but that these effects are tran-
sient and are typically mild to moderate in
nature [78]. If nausea is bothersome, the patient
may be advised to take smaller meals, avoid
spicy foods and make healthier food choices,
since nausea is commonly reported after con-
suming a large or high-fat meal [78]. Also,
returning the patient to a lower GLP-1 RA dose
for C 1 week before repeating the incremental
dosing steps can often prove successful in
managing gastrointestinal adverse effects asso-
ciated with this class of agents [78].
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CONCLUSIONS

The GLP-1 RAs are a unique class of effective
antihyperglycemic agents that enhance the
actions of the naturally occurring peptide
GLP-1. The mechanism of action of GLP-1 RAs
is glucose dependent; as such, there is a low risk
of hypoglycemia when not used in combination
with sulfonylureas or insulin. Although, GLP-1
RAs share the same general mechanism of
action, they differ in terms of their formula-
tions, indications (monotherapy and/or com-
bined therapy), injection devices, dosages,
precautions and use in special patient popula-
tions. These agents also differ in terms of their
effects on CV risk factors and gastrointestinal
tolerability.

In accordance with clinical guidelines, GLP-1
RAs are not currently considered first-line ther-
apy for T2D. They are, however, considered as
second-line therapy in combination with oral
antidiabetic drugs or insulin.

In this review, we have summarized and
evaluated information relating to all of these
issues, with a particular focus on practical con-
siderations. This information has been com-
piled to help physicians select the most
appropriate GLP-1 RA and to optimize the use of
these agents, thereby improving the manage-
ment of patients with T2D and enhancing
health outcomes.
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