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ABSTRACT

The scientific landscape of treatments for type 2
diabetes (T2D) has changed rapidly in the last
decade with newer treatments becoming avail-
able. However, a large proportion of people
with T2D are not able to achieve glycaemic
goals because of clinical inertia. The majority of
T2D management is in primary care, where
clinicians (medical, nursing and pharmacist
staff) play an important role in addressing
patient needs and achieving treatment goals.
However, management of T2D is challenging
because of the heterogeneity of T2D and com-
plexity of comorbidity, time constraints, guid-
ance overload and the evolving treatments.

Additionally, the current coronavirus disease
pandemic poses additional challenges to the
management of chronic diseases such as T2D,
including routine access to patients for moni-
toring and communication. Glucagon-like
peptide 1 receptor agonists (GLP-1 RAs) are a
class of agents that have evolved rapidly in
recent years. These agents act in a glucose-de-
pendent manner to promote insulin secretion
and inhibit glucagon secretion, as well as
enhancing satiety and reducing hunger. As a
result, they are effective treatment options for
people with T2D, achieving glycated hae-
moglobin reductions, weight loss and potential
cardiovascular benefit, as monotherapy or as
add-on to other glucose-lowering therapies.
However, given the complexity of managing
T2D, it is important to equip primary care
clinicians with clear information regarding
efficacy, safety and appropriate positioning of
GLP-1 RA therapies in clinical practice. This
review provides a summary of clinical and real-
world evidence along with practical guidance,
with the aim of aiding primary care clinicians in
the initiation and monitoring of GLP-1 RAs to
help ensure that desired outcomes are realised.
Furthermore, a benefit/risk tool has been
developed on the basis of current available evi-
dence and guidelines to support primary care
clinicians in selecting individuals who are most
likely to benefit from GLP-1 RA therapies, in
addition to indicating clinical situations where
caution is needed.
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Key Summary Points

Management of type 2 diabetes (T2D) in
primary care is challenging because of the
complexity of T2D, time constraints,
guidance overload, evolving treatments
and the current coronavirus disease
pandemic.

Glucagon-like peptide 1 receptor agonists
(GLP1 RAs) are an effective treatment
option in primary care for people with
T2D, achieving HbA1c reductions, weight
loss and potential cardiovascular benefit,
as monotherapy or as add-on to other
glucose-lowering therapies.

This review provides a summary of clinical
and real-world evidence along with
practical guidance, with the aim of aiding
primary care clinicians in the initiation
and monitoring of GLP-1 RAs to ensure
desired outcomes.

Furthermore, a benefit/risk tool has been
developed to support primary care
clinicians in selecting individuals who are
most likely to benefit from GLP-1 RA
therapies, in addition to indicating
clinical situations where caution is
needed.

INTRODUCTION

Despite the availability of new treatments over
the last decade, a large proportion of people
with type 2 diabetes (T2D) are not able to
achieve their glycaemic goals [1, 2] because of
clinical inertia (failure to begin or intensify
treatment despite not reaching therapeutic
goals) [3]. The reasons for clinical inertia are

complex, with a range of contributing factors
from people with T2D, physicians and the
healthcare delivery system [3]. The commonly
cited factors for people with T2D and physicians
include fear of hypoglycaemia, weight gain and
the plethora of treatment options with
increasing management complexity [3]. The
majority of T2D management is in primary care
[4], where clinicians (medical, nursing and
pharmacist staff) are uniquely placed to use
their generalist expertise to partner with indi-
viduals with T2D to develop a treatment plan to
address their needs and help achieve treatment
goals. However, the decision-making process in
primary care is challenging, given the com-
plexity of T2D due to comorbidities, time con-
straints, guidance overload and the changing
scientific landscape of available treatments [3].
It is, therefore, important to provide primary
care clinicians with the clinical evidence as well
as a simple and pragmatic tool that could aid
the decision-making process.

In addition, the ongoing coronavirus disease
(Covid-19) pandemic poses additional chal-
lenges to primary care, especially the manage-
ment of chronic diseases such as T2D [5].
Virtual healthcare and digital technologies have
become critical to allow healthcare profession-
als to carry out routine consultations. However,
these also bring significant technical and logis-
tical challenges. As such, there is a need to
provide primary care clinicians with clear
guidance concerning virtual healthcare in order
to adapt to limited face-to-face interactions and
help optimise interventions in healthcare.

Glucagon-like peptide 1 receptor agonists
(GLP-1 RAs) have been studied extensively in
the last decade and are well suited for the
management of T2D in primary and secondary
care, owing to their glucose-lowering and
weight-loss properties and low intrinsic risk of
hypoglycaemia, as well as cardiovascular (CV)
benefits [6, 7]. The aim of this review is to
summarise the clinical evidence, including
efficacy and safety concerning the use of GLP-1
RAs, and provide practical guidance for clini-
cians regarding initiation and use of GLP-1 RAs
in the treatment of T2D.

This article is based on previously conducted
studies and does not contain any studies with
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human participants or animals performed by
any of the authors.

THE GLP-1 RA CLASS
OF MEDICINES

Mechanism of Action of GLP-1 and Its
Receptor Agonists

The incretin peptide hormone GLP-1 is secreted
from the lower gastrointestinal (GI) tract into
the circulation within minutes of food inges-
tion [6, 8]. Signalling via its receptors located in
various organs, including brain, GI tract and
pancreas [9–11], GLP-1 provides a number of
effects in the setting of T2D [11]. In the pan-
creas, GLP-1 receptors act in a glucose-depen-
dent manner to prompt insulin secretion and
inhibit glucagon secretion [8, 12, 13]. Apart
from the well-known pancreatic effect, GLP-1
enhances satiety and reduces hunger by acting
on both central and peripheral receptors in the
brain and GI tract [14]. As a result of all of these
potentially beneficial effects, GLP-1 RAs are
suitable for the treatment of T2D.

Overview of Available GLP-1 RAs in the UK
and Europe

A number of GLP-1 RAs have been approved in
the UK and Europe for the treatment of T2D
(Table 1). As a result of being peptides, GLP-1
RAs typically have to be given by subcutaneous
(s.c.) administration as twice daily (BID) (exe-
natide) [15, 16], once daily (OD) (lixisenatide
[17, 18] and liraglutide [19, 20]) or once weekly
(OW) (dulaglutide [21, 22], prolonged-release
exenatide [23, 24] and semaglutide [25, 26])
dosing regimens, based on their in vivo half-
lives [6]. Further to these, a novel OD oral for-
mulation of semaglutide was launched in
September 2020 in the UK and Europe [27, 28],
as an alternative to the OW s.c. formulation of
the same drug.

Because of the differences in product half-life
and therefore dosing interval, GLP-1 RAs can be
classified as short- or long-acting [6]. Short-act-
ing formulations include exenatide BID (with a

Table 1 Overview of available GLP-1 RAs available in the
UK and Europe for the treatment of T2D

Generic
(trade) name

Recommended
dosage

Available dosage
forms

Exenatide

BID

(Byetta)

[15, 16]

5 lg s.c. BID

within 60 min

prior to the

morning and

evening meals

(C 6 h apart);

after at least

1 month, can

increase to

10 lg s.c. BID to

further improve

glycaemic control

5 and 10 lg pre-

filled pens

(250 lg/mL, 60

doses in 1.2 and

2.4 mL solution,

respectively)

Lixisenatide

OD

(Lyxumia)

[17, 18]

10 lg s.c. OD

within 1 h before

any meal of the

day for 14 days;

increase to 20 lg

OD on day 15

10 and 20 lg pre-

filled pens (50

and 100 lg/mL,

respectively; 14

doses in 3 mL

solution)

Liraglutide

OD

(Victoza)

[19, 20]

0.6 mg s.c. OD at

any time of the

day,

independently of

meals; after at

least 1 week,

increase to

1.2 mg; after at

least another

week, may

increase to

1.8 mg to further

improve

glycaemic control

6 mg/mL pre-filled,

multi-dose pen

delivers doses of

0.6, 1.2 and

1.8 mg (18 mg

liraglutide in

3 mL solution)
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half-life of 2.4 h) and lixisenatide (with a half-
life of approximately 3 h) [6]. Long-acting GLP-
1 RAs include liraglutide (with a half-life of
13 h), exenatide OW (a prolonged-release for-
mulation of the active drug from poly[D,L-lac-
tide-co-glycolide] microspheres) and dulaglutide
(with a half-life of 4.7 days) [21, 22], and s.c.
semaglutide formulation (with a half-life of
7 days) [6, 29].

Over the last decade, although the prescrip-
tion of GLP-1 RAs has increased slightly, overall
usage remains low compared with other glu-
cose-lowering medications, such as metformin,
sulfonylureas and dipeptidyl peptidase 4 inhi-
bitors (DPP4i), regardless of CV disease status
[30–33]. A UK analysis described class-level
prescribing of glucose-lowering medications in
people with T2D and showed a small increase in
the prescription of GLP-1 RA from 2017 to 2020
[30]. The proportion of people treated with
GLP-1 RA was approximately 6% for dual

Table 1 continued

Generic
(trade) name

Recommended
dosage

Available dosage
forms

Dulaglutide

OW

(Trulicity)

[21, 22]

0.75 mg s.c. OW as

monotherapy;

1.5 mg s.c. OW

as add-on

therapy,

administered at

any time of day,

with or without

meals; the 1.5 mg

dose may be

increased after at

least 4 weeks to

3 mg OW and

after at least

another 4 weeks,

may be increased

to 4.5 mg OW

for additional

glycaemic control

0.75, 1.5, 3 and

4.5 mg single-

dose pen (0.75,

1.5, 3 and

4.5 mg/0.5 mL,

respectively)

Exenatide

OW

(Bydureon)

[23, 24]

2 mg s.c. OW,

administered at

any time of the

day on the same

day each week,

with or without

meals

Single-use 2 mg vial

and 2 mg pre-

filled pen with

solvent supplied

for suspension

(0.65 mL)

Semaglutide

OW

(Ozempic)

[25, 26]

0.25 mg s.c. OW

administered at

any time of the

day, with or

without meals;

after 4 weeks,

increase to

0.5 mg OW;

after at least

another 4 weeks,

may increase to

1.0 mg OW to

improve

glycaemic control

0.25 and 0.5 mg

pre-filled pens

(2 mg

semaglutide in

1.5 mL solution);

1.0 mg pre-filled

pen (4 mg

semaglutide in

3.0 mL solution)

Table 1 continued

Generic
(trade) name

Recommended
dosage

Available dosage
forms

Oral

semaglutide

OD

(Rybelsus)

[27, 28]

3 mg OD

administered

orally at any time

of the day, for

1 month, and

increase to a

maintenance

dose of 7 mg;

after at least

1 month, the

dose can be

increased to

14 mg to further

improve

glycaemic control

3, 7 and 14 mg

tablets

BID twice daily, GLP-1 RA glucagon-like peptide 1
receptor agonist, OD once daily, OW once weekly, s.c.
subcutaneously, T2D type 2 diabetes
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therapy and 17% for triple therapy in December
2019 [30]. Despite the CV benefits of some GLP-
1 RAs [34–38], there was no difference in the
prescribing rates of GLP-1 RAs between people
with and without CV disease history [30]. In a
Danish nationwide cohort study in people with
a new dual diagnosis of T2D and CV disease, the
number of people prescribed a GLP-1 RA within
a year of diagnosis increased from 3.9% in 2012
to 8.1% in 2018 [31]. Similarly, on the basis of
dispensing data from the Netherlands in people
with T2D, the prevalence of treatment with
GLP-1 RAs was low (1.2%) between 2012 and
2017, although it did show an increasing trend
over time [33]. In contrast, a negligible reduc-
tion in GLP-1 RA use was reported in people
with T2D who experienced a CV event between
2010 and 2018, on the basis of an Italian ret-
rospective analysis of electronic health records
[32]. The authors of this review speculate that
the following factors have contributed to poor
uptake of GLP-1 RA therapies: previous cost-ef-
fective analyses [39, 40], local clinical guidelines
(e.g. National Institute for Health and Care
Excellence [NICE] [41]), historical low uptake of
injectable medications in primary care [42] and
previous prescription of these therapies by spe-
cialists. Overall, given the relatively low usage
of GLP-1 RAs in the UK and Europe, further
clinical evidence and prescribing guidance may
be beneficial to encourage the optimised use of
GLP-1 RAs.

Clinical Effects of GLP-1 RAs in T2D

The glycaemic effects, weight reduction and
potential CV effects of evolving GLP-1 RAs in
the treatment of T2D have been reviewed
extensively in the last decade [7, 11, 43]. The
newly available oral semaglutide has also
demonstrated robust benefits concerning gly-
caemia, weight reduction and CV safety
[35, 44–51].

Reduction in Glycated Haemoglobin
The mean glycated haemoglobin (HbA1c)
changes from baseline associated with GLP-1
RAs reported in clinical studies of T2D and sta-
ted in the summary of product characteristics

are shown in Fig. 1. In studies of GLP-1 RAs,
used as a monotherapy or in combination with
other glucose-lowering therapies, mean HbA1c

changes from baseline ranged from - 0.2%
to - 1.9% (- 2.2 to - 20.9 mmol/mol) (Fig. 1).
As a result, these treatments are deemed effica-
cious for glucose-lowering in people with T2D.

It is important to note that, in patients with
long-standing diabetes and insufficient insulin
secretory capacity, the glucose-lowering efficacy
of GLP-1 RA is likely to be reduced as a result of
diminished incretin effects, and concomitant
basal insulin treatment may be required [53].
The benefits of combined basal insulin and
GLP-1 RAs have been recognised and approved
since 2014 [53]. The authors conclude that the
therapeutic benefits of GLP-1 RAs are most
likely to be seen early in the course of T2D.

Body Weight Reduction
Body weight reduction was commonly observed
in clinical trials evaluating GLP-1 RAs in people
with T2D. Average changes in body weight in
clinical studies of GLP-1 RAs stated in the
summary of product characteristics ranged
from ? 0.9 to - 6.5 kg (Fig. 2). The weight
reduction benefit with GLP-1 RAs, used as a
monotherapy or in combination with other
glucose-lowering therapies, has been demon-
strated in various studies (Fig. 2) and is an
important factor for consideration in the treat-
ment of T2D. The only exceptions were with
liraglutide 1.2 mg OD and dulaglutide 0.75 mg
OW, both of which had occasional weight gains
(Fig. 2), possibly due to the concomitant use of
insulin or sulfonylurea (SU) in combination
therapy [54, 55]. However, observed weight
gains were marginally lower than those seen
with the comparator medications in the clinical
studies [54, 55]. The weight loss is usually sus-
tainable in the presence of GLP-1 RA treat-
ments, although there is some regain of lost
weight upon cessation of GLP-1 RA treatments
[14].

CV Outcomes
GLP-1 RAs generally improve a number of CV
risk markers, including glucose, weight, blood
pressure and lipid levels [13, 34–38]. Moreover,
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Fig. 1 Range of mean changes from baseline in HbA1c in
clinical studies reported in the summary of product charac-
teristics for GLP-1 RAs [15, 17, 19, 21, 23, 25, 27, 52]. BID

twice daily, GLP-1 RA glucagon-like peptide 1 receptor
agonist, HbA1c glycated haemoglobin, OD once daily, OW
once weekly

Fig. 2 Range of mean changes from baseline in body weight
in clinical studies reported in the summary of product
characteristics for GLP-1 RAs [15, 17, 19, 21, 23, 25, 27, 52].

BID twice daily, GLP-1 RA glucagon-like peptide 1 receptor
agonist, OD once daily, OW once weekly
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a number of large CV outcome trials (CVOTs)
have provided robust evidence concerning CV
outcomes [34–38]. As shown in Fig. 3, signifi-
cant superiority in primary CV outcome was
observed in three CVOTs using GLP-1 RAs (li-
raglutide OD in LEADER [56], dulaglutide OW
in REWIND [36], and semaglutide OW in
SUSTAIN 6 [non-inferiority and superiority were
demonstrated in SUSTAIN 6 and pre-specified
sensitivity analyses, respectively] [37]). The risks
of CV outcomes associated with exenatide OW
and oral semaglutide OD were shown to be non-
inferior compared with placebo (Fig. 3); hence,
both of these therapies were deemed not to
cause an increase in CV risk [34, 35]. Also,
lixisenatide OD had a neutral CV profile com-
pared with placebo, but also did not increase
the CV risk (Fig. 3) [38].

Safety and Tolerability
Overall, GLP-1 RAs are well tolerated, with GI
symptoms being the most common adverse
events (AEs), such as nausea, vomiting, diar-
rhoea, constipation and abdominal pain; how-
ever, most of these events are mild to moderate
and their frequency and intensity generally
decrease over time [16, 18, 20, 22, 24, 26, 28].

In addition to the above GI AEs, acute pan-
creatitis was initially reported as an uncommon
or rare AE associated with GLP-1 RAs

[16, 18, 20, 22, 24, 26, 28]. A possible mecha-
nism for this link was the development of gall-
stones associated with significant or rapid
weight loss. However, a recent meta-analysis of
43 trials found no association between pancre-
atitis and GLP-1 RA treatments [57]. Of note,
there is an approximately 2–3-fold increased
risk of acute pancreatitis in people with T2D,
compared with those without T2D [13]. It is
therefore advised to avoid these therapies in
individuals with a history of pancreatitis.

Although usually only observed when GLP-1
RA is used in combination with insulin or SU,
risk of hypoglycaemia is another reported
AE in people treated with GLP-1 RAs
[16, 18, 20, 22, 24, 26, 28]. GLP-1 RAs generally
have a low intrinsic risk of hypoglycaemia,
owing to their glucose-dependent mode of
action [7]. Randomised clinical trials have
demonstrated very low rates of hypoglycaemia
with GLP-1 RAs when used as a monotherapy or
in a combination therapy with other glucose-
lowering drugs [16, 18, 20, 22, 24, 26, 28].
However, when GLP-1 RAs are used in combi-
nation with insulin or SU, the dose of these
agents should be reduced, in order to reduce the
risk of hypoglycaemia [16, 18, 20, 22, 24, 26, 28].

A higher risk of diabetic retinopathy (DR)
associated with semaglutide OW versus placebo
was reported in SUSTAIN 6, although this

Fig. 3 CV outcomes of GLP-1 RAs versus other glucose-
lowering agents based on key CV outcome trials
[34–38, 56]. The non-inferiority and superiority of
semaglutide OW compared with placebo were

demonstrated in SUSTAIN 6 and pre-specified sensitivity
analyses, respectively [37]. CI confidence interval, CV
cardiovascular, GLP-1 RA glucagon-like peptide 1 receptor
agonist, HR hazard ratio, OD once daily, OW once weekly
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increased risk of DR AEs with semaglutide OW
versus comparators was not observed in
SUSTAIN 1 to 5 or Japanese trials [58]. It was
speculated that this increase in DR risk with
semaglutide OW in SUSTAIN 6 was due to the
large and rapid reduction in HbA1c levels, as
observed with other existing therapies [58].
Furthermore, pre-existing DR and insulin use
were identified in individuals at high risk of
developing DR, and no increased risk of DR with
semaglutide OW versus placebo was observed in
those without pre-existing DR, regardless of
whether insulin treatment was used [58]. Other
AEs include increase in heart rate and injection-
site reactions (excluding oral semaglutide)
[16, 18, 20, 22, 24, 26].

Cost-Effectiveness of GLP-1 RAs Versus Other
Medication Classes in Europe
Cost-effectiveness of GLP-1 RAs versus other
medication classes undoubtedly makes an
impact on the prescribing behaviour. Sodium-
glucose cotransporter 2 inhibitor (SGLT2i) is a
class of glucose-lowering agents often compared
with GLP-1 RA regarding cost-effectiveness. A
long-term (lifetime horizon) modelling analysis
found that both liraglutide 1.2 and 1.8 mg OW
were cost-effective versus dapagliflozin, with
incremental cost-effectiveness ratios (ICERs)
within the cost-effectiveness thresholds set by
NICE in people with T2D in England and Wales
[59]. Furthermore, switching from sitagliptin to
liraglutide 1.8 mg OW in people with poor gly-
caemic control was likely to be considered cost-
effective in the UK setting [60]. The recent long-
term cost-effectiveness analyses based on the
PIONEER trial programme concluded that oral
semaglutide was cost-effective versus empagli-
flozin and sitagliptin in people with T2D in the
UK [61]. Similarly, OW semaglutide 0.5 mg and
1 mg were projected to be cost-effective versus
empagliflozin 10 mg and 25 mg (an SGLT2i) for
the treatment of patients with T2D with inad-
equate glycaemic control in Spain on the basis
of a network meta-analysis of clinical data for
the two drugs [62]. In this case, sensitivity
analyses revealed the cost-effectiveness to be
robust, with semaglutide often being dominant
over empagliflozin [62]. Therefore, these GLP-1
RA treatments may be cost-effective alternatives

for people with T2D for whom an SGLT2i
therapy is considered.

Treatment Guideline Update
and Overview

Based on the available efficacy and safety data,
the existing NICE guidelines in the UK recom-
mend that a GLP-1 RA therapy can be consid-
ered alongside other glucose-lowering
medicines if triple therapy with metformin and
two other oral drugs is ineffective, not tolerated
or contraindicated [41]. In these situations,
NICE recommended that GLP-1 RAs are com-
bined with metformin and an SU [41]. It is
suggested that suitable candidates should have
a body mass index (BMI) C 35 kg/m2 and
specific problems associated with obesity, or
have a BMI\35 kg/m2 and for whom insulin
therapy is not suitable or weight loss is deemed
beneficial [41]. GLP-1 RA treatments can be
continued if an individual with T2D has had a
beneficial metabolic response (HbA1c reduc-
tion C 1.0% [11 mmol/mol] and weight reduc-
tion C 3% in 6 months) [41]. The Scottish
Intercollegiate Guidelines Network (SIGN) rec-
ommends GLP-1 RAs to be considered in people
with a BMI C 30 kg/m2 in combination with
oral glucose-lowering drugs or basal insulin (or
both) as third- or fourth-line treatment, when
T2D is uncontrolled on these drugs [63]. If
people with T2D are inadequately controlled on
oral glucose-lowering drugs, GLP-1 RAs can also
be used as an alternative to insulin. Further-
more, GLP-1 RAs with proven CV benefits
should be considered in patients with T2D and
established CV disease [63]. Figures 4 and 5
present an overview of NICE and SIGN treat-
ment algorithms for blood glucose-lowering
and T2D management, respectively [41, 63].

The most recent American Diabetes Associa-
tion (ADA) guidelines recommend GLP-1 RAs or
SGLT2is with proven CV benefits for people
with T2D with either established atherosclerotic
cardiovascular disease (ASCVD) or indicators of
high risk of ASCVD, established kidney disease
or heart failure (Fig. 6) [64]. Established ASCVD
is defined as prior myocardial infarction,
ischaemic stroke, unstable angina with
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Fig. 4 NICE treatment algorithm for blood glucose-
lowering therapy in adults with T2D. �NICE [2015]
Type 2 diabetes in adults: management NICE guideline
[NG28]. [41]. Available from www.nice.org.uk/guidance/
ng28. All rights reserved. Subject toNotice of rights (https://
www.nice.org.uk/terms-and-conditions#notice-ofrights)
NICE guidance is prepared for the National Health Service
in England. All NICE guidance is subject to regular review
and may be updated or withdrawn. NICE accepts no
responsibility for the use of its content in this product/
publication. Recommendations that cover DPP4is, GLP-1
mimetics and SUs refer to these groups of drugs at a class
level. aWhen prescribing pioglitazone, exercise particular
caution if the person is at high risk of the AEs of the drug.
Pioglitazone is associated with increased risk of heart failure,
bladder cancer and bone fracture. Known risk factors for
these conditions, including increased age, should be carefully
evaluated before treatment: see the manufacturers’ sum-
maries of product characteristics for details. MHRA guid-
ance (2011) advises that ‘prescribers should review the safety
and efficacy of pioglitazone in individuals after 3–6 months
of treatment to ensure that only those deriving benefit
continue to be treated’. bSee NICE Technology Appraisal
Guidance 288 and 418, 315 and 336 on dapagliflozin,
canagliflozin and empagliflozin, respectively. All these
SGLT2is are recommended as options in dual therapy reg-
imens with metformin under certain conditions, as options
in triple therapy regimens and in combination with insulin.
All three are also options as monotherapies in adults in
whom metformin is contradicted or not tolerated. Serious
and life-threatening cases of DKA have been reported in
people taking SGLT2is (canagliflozin, dapagliflozin or
empagliflozin) or shortly after stopping the SGLT2i.

MHRA guidance (2015) advises testing for raised ketones in
people with DKA symptoms, even if plasma glucose levels
are near normal. cOnly continue GLP-1 mimetic therapy if
the person has a beneficial metabolic response (reduction of
HbA1c by at least 1.0% [11 mmol/mol] and weight loss of at
least 3%of initial bodyweight in 6 months). dIfmetformin is
contradicted or not tolerated, repaglinide is both clinically
effective and cost effective in adults with T2D. However,
discuss with any person for whom repaglinide is being con-
sidered that there is no licensed non-metformin-based
combination containing repaglinide that can be offered at
first intensification. eDrugs in dual therapy should be
introduced in a stepwise manner, checking tolerability and
effectiveness of each drug. fMHRA guidance (2011) notes
that cases of cardiac failure have been reported when
pioglitazonewas used in combinationwith insulin, especially
in individuals with risk factors for development of cardiac
failure. Patients should be observed for signs and symptoms
of heart failure, weight gain and oedema. Pioglitazone should
be discontinued if any deterioration in cardiac status occurs.
gThe recommendations in this guideline also apply to any
current and future biosimilar product(s) of insulin glargine
that have an appropriatemarketing authorisation that allows
use of the biosimilar(s) in the same indication. AE adverse
event, BMI body mass index, DKA diabetic ketoacidosis,
DPP4i dipeptidyl peptidase 4 inhibitor, GLP-1 glucagon-
like peptide 1, HbA1c glycated haemoglobin, MHRA
Medicines and Healthcare Products Regulatory Agency,
NICE National Institute for Health and Care Excellence,
NPH Neutral Protamine Hagedorn, SGLT2i sodium-glu-
cose cotransporter 2 inhibitor, SU sulfonylurea, T2D type 2
diabetes

Diabetes Ther (2021) 12:2267–2288 2275

http://www.nice.org.uk/guidance/ng28
http://www.nice.org.uk/guidance/ng28
https://www.nice.org.uk/terms-and-conditions#notice-ofrights
https://www.nice.org.uk/terms-and-conditions#notice-ofrights


electrocardiogram changes, myocardial ischae-
mia on imaging or stress test, or revascularisa-
tion of coronary, carotid or peripheral arteries.
Indicators of high ASCVD risk are defined as
aged C 55 years with coronary, carotid or lower
extremity artery stenosis[ 50%, left ventricular
hypertrophy, estimated glomerular filtration
rate\ 60 mL/min/1.73 m2 or albuminuria [65].
The ADA/European Association for the Study of
Diabetes (EASD) 2019 consensus report

recommended that the decision to use a GLP-1
RA or SGLT2i to treat individuals with high risk
of major adverse CV events, hospitalisation for
heart failure, CV death or chronic kidney dis-
ease should be independent of baseline HbA1c

or individual HbA1c target [65]. GLP-1 RA ther-
apies are also preferred to insulin in people with
T2D who need further glucose lowering than
can be obtained with oral agents [64].

Fig. 5 SIGN treatment algorithm for T2D management.
�Scottish Intercollegiate Guidelines Network (SIGN).
Pharmacological management of glycaemic control in
people with type 2 diabetes. Edinburgh: SIGN; 2017.
(SIGN publication no. 154). [Accessed 19 Jan 2021].
Available from http://www.sign.ac.uk [63]. Algorithm
summarises evidence from the guideline in the context of
the clinical experience of the Guideline Development
Group. It does not apply in severe renal or hepatic insuf-
ficient. Prescribers should refer to the BNF (www.
medicinescomplete.com), Scottish Medicines Consortium
(www.scottishmedicines.org.uk) and Medicines and
Healthcare products Regulatory Agency warnings for
updated guidance on licensed indications, full contradic-
tions and monitoring requirements. *Continue medication
at each stage if either individual target achieved or HbA1c

falls more than 0.5% (5.5 mmol/mol) in 3–6 months;
discontinue if evidence that it is ineffective. 1Consider dose

reduction. 2Do not delay if first-line options not tolerated/
inappropriate. 3See guideline pages 23 and 26–27. 4See
BNF: specific agents can be continued at reduced dose.
5See BNF: no dose reduction required for linagliptin.
6Pioglitazone is contraindicated in people with (or with
history of) HF or bladder cancer. 7Do not combine
dapagliflozin with pioglitazone. 8Caution with exenatide
when eGFR\ 50 mL/min/1.73 m2. 9Adjust according to
response. 10Driving, occupational hazards, risk of falls,
previous history. (CKD stage 3A is defined as eGFR
45–59 mL/min/1.73 m2). BMI body mass index, BNF
British National Formulary, CKD chronic kidney disease,
CV cardiovascular, DPP4i dipeptidyl peptidase 4 inhibitor,
eGFR estimated glomerular filtration rate, GLP-1 gluca-
gon-like peptide 1, HbA1c glycated haemoglobin, HF heart
failure, SGLT2i sodium-glucose cotransporter 2 inhibitor,
SIGN Scottish Intercollegiate Guidelines Network, T2D
type 2 diabetes, SU sulfonylurea
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Real-World Evidence of GLP-1 RA Therapy
in T2D

A substantial body of data in real-world settings
supports the efficacy and safety of GLP-1 RAs

evidenced from the randomised controlled tri-
als (RCTs). The Association of British Clinical
Diabetologists (ABCD) collected real-life data in
the UK from 9020 people with T2D treated with
the GLP-1 RAs exenatide and liraglutide to

Fig. 6 ADA treatment algorithm for T2D management: an
overall approach. Adapted from �ADA. Diabetes Care
2021;44:S111-24 [64] with permission from Springer.
aProven CVD benefit means it has a label indication of
reducing CVD events. bLow dose may be better tolerated,
though less well studied for CVD effects. cDegludec or U100
glargine have demonstrated CVD safety. dChoose later
generation SU to lower risk of hypoglycaemia. Glimepiride
has shown similar CV safety to DPP4i. eBe aware that
SGLT2i labelling varies by region and individual agent with
regard to indicated level of eGFR for initiation and continued
use. fEmpagliflozin, canagliflozin and dapagliflozin have
shown HF reduction and to reduce CKD progression in
CVOTs. Canagliflozin and dapagliflozin have primary renal
outcome data. Dapagliflozin and empagliflozin have primary
HF outcome data. gProven benefit means it has a label
indication of reducing HF in this population. hRefer to
Sect. 11: microvascular complications and foot care. iDeglu-
dec/glargine U300\ glargine U100/detemir\NPH

insulin. jSemaglutide[ liraglutide[ dulaglutide[ exe-
natide[ lixisenatide. kIf no specific comorbidities (i.e. no
established CVD, low risk of hypoglycaemia and low priority
to avoid weight gain or no weight-related comorbidities).
lConsider country-and region-specific cost of drugs. In some
countries, TZDs are relatively more expensive and DPP4is
relatively cheaper. �Actioned whenever these become new
clinical considerations regardless of background glucose-
lowering medications. *Most patients enrolled in the relevant
trials were on metformin at baseline as glucose-lowering
therapy. ASCVD atherosclerotic cardiovascular disease, CKD
chronic kidney disease, DPP4i dipeptidyl peptidase 4 inhi-
bitor, eGFR estimated glomerular filtration rate, GLP-1 RA
glucagon-like peptide 1 receptor agonist, HbA1c glycated
haemoglobin, HF heart failure, HFrEF heart failure reduced
ejection fraction, LVEF left ventricular ejection fraction,
LVH left ventricular hypertrophy, SGLT2i sodium-glucose
cotransporter 2 inhibitor, SU sulfonylurea, TZD thiazo-
lidinedione, UACR urine albumin-to-creatinine ratio
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investigate the effectiveness in HbA1c and
weight reduction, and their associated AEs
[66, 67]. People with T2D receiving these drugs
had a higher body weight and baseline HbA1c

than those from RCTs [67]. Both of these treat-
ments were associated with a significant
improvement in HbA1c and reduction in weight
at 3 and 6 months [67]. With regard to AEs, GI
side effects were mostly reported (24% and 16%
in the exenatide and liraglutide groups, respec-
tively). With regards to pancreatitis and acute
renal failure, the numbers of cases were low in
both the exenatide and liraglutide groups [67].
Of interest, in people treated with exenatide or
liraglutide in combination with insulin, dis-
continuation with insulin was associated with a
greater weight reduction and a lesser effect on
HbA1c, compared with continuing with insulin
[67].

A long-term retrospective study investigated
the real-world effectiveness and safety of all the
GLP-1 RAs available in Spain [68]. On the basis
of hospital records from all people with T2D
prescribed a GLP-1 RA treatment from 2009 to
2016, all GLP-1 RAs demonstrated significant
reductions in HbA1c, fasting plasma glucose and
body weight [68]. However, a high proportion
of people with T2D discontinued GLP-1 RA
treatments despite a low proportion of people
with GI AEs. This was speculated to be due to a
lack of effectiveness, resistance to injections and
costs in some patients [68]. A retrospective
cohort study in the USA investigated the 1-year
treatment outcomes with GLP-1 RA according
to baseline insulin use in people with T2D who
initiated exenatide OW or liraglutide OD [69].
Clinical data from the Quintiles Electronic
Medical Records Database was used to demon-
strate that exenatide OW or liraglutide OD was
associated with HbA1c reduction and weight
loss potential in people with T2D regardless of
baseline insulin use in the real-world setting
[69].

With regards to the injectable GLP-1 RAs,
treatment adherence is believed to be better in
those with less frequent administration [70]. In
retrospective studies in the real-world setting,
treatment adherence was significantly better,
respectively, with exenatide OW compared with
exenatide BID [71, 72] or liraglutide OD [71–73],

with dulaglutide OW compared with liraglutide
OD or exenatide OW [74], and with liraglutide
OD compared with exenatide BID [75]. How-
ever, there is no real-world evidence comparing
the use of oral semaglutide with the
injectable GLP-1 RAs yet.

PRACTICAL CONSIDERATIONS

Primary care clinicians tend to have more
individual patient contact compared with other
healthcare professionals, and thereby are well
placed to initiate GLP-1 RAs and facilitate long-
term adherence and persistence with these
therapies. Specific barriers to prescription and
optimal use of GLP-1 RAs include AEs, particu-
larly GI side effects, s.c. injection and medical
history of pancreatitis.

To address these barriers, a benefit/risk tool
(Fig. 7) has been developed to provide a quick
reference guide concerning specific clinical
scenarios. This tool aims to provide clarity
regarding common areas of confusion in clini-
cal practice, helping clinicians to select appro-
priate individuals with T2D for GLP-1 RA
therapies, in line with current available evi-
dence and guidelines. The benefit/risk tool uses
a traffic light system to help gauge risk and
potential benefits in prescribing GLP-1 RAs,
highlighting the various types of patients or
clinical situations that are likely to be seen in a
primary care setting:

• Low risk (green): robust evidence supports
GLP-1 RA prescribing in these situations.

• Moderate risk (amber): prescribe GLP-1 RAs
with caution (some evidence supports a
benefit in these situations).

• High risk (red): do not prescribe GLP-1 RAs
in these situations, because of lack of evi-
dence, high risk of AEs or licence restrictions.

An evidence level has been assigned to each
risk category, based on RCT and observational
data, as well as NICE/SIGN guidelines and the
licensed indication for each GLP-1 RA therapy.
The level of evidence is scored according to the
ADA Evidence-Grading System (Table 2) [78].
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Patient Considerations

Identifying the most suitable treatment for
individuals with T2D can aid treatment

adherence. Firstly, substantial evidence from
large CVOTs corroborates the use of GLP-1 RAs
with CV benefits in patients with T2D at high
risk of CV disease [34–37, 56, 79], which is also

Fig. 7 Benefit/risk tool: a reference guide regarding the
use of GLP-1 RAs in patients with T2D. aGLP-1 RA
therapies should be prescribed with caution in people
requiring rapid reduction in insulin dose or discontinua-
tion of insulin, because of increased risk of DKA [76];
bGLP-1 RA therapies should be prescribed with caution in
people with diabetic retinopathy, because of increased risk
of diabetic retinopathy complications in high-risk people
(treated with insulin) and early worsening of pre-existing
diabetic retinopathy, evidenced in the SUSTAIN 6 study
(semaglutide OW) [37]; cHbA1c levels should be moni-
tored regularly and stop GLP-1 RA if elevated levels
continue, following treatment initiation; dGLP-1 RAs
should be prescribed with caution in people with
gallstones, because of increased risk of gallstone diseases,
evidenced in the LEADER study (liraglutide OD) [56];
eGLP-1 RAs should be prescribed with caution in people

with acute pancreatitis, because of risk of severe pancre-
atitis and renal failure [16, 18, 20, 22, 24, 26, 28, 77], and
exenatide BID is advised to be discontinued by MHRA if
pancreatitis is diagnosed [77]; fTo our knowledge, GLP-1
RAs are not recommended in patients with ESRD in
European summary of product characteristics; however,
there is no eGFR limitation for the use of GLP-1 RAs in
some countries (e.g. for semaglutide in the USA). BID
twice daily, BMI body mass index, CV cardiovascular,
CVD cardiovascular disease, DKA diabetic ketoacidosis,
eGFR estimated glomerular filtration rate, ESRD end-stage
renal disease, GI gastrointestinal, GLP-1 RA glucagon-like
peptide 1 receptor agonist, HbA1c glycated haemoglobin,
MHRA Medicines and Healthcare Products Regulatory
Agency, N/A not applicable, OD once daily, OW once
weekly, SU sulfonylurea, T1D type 1 diabetes, T2D type 2
diabetes
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in line with the up-to-date NICE, SIGN and ADA
guidelines described above. Secondly, on the
basis of the weight loss potential of this class of
agents, GLP-1 RAs are suitable for people with
T2D who would benefit from weight reduction.
Thirdly, for those with concerns about s.c.
injections, including pain, fear of needles, bur-
den and inconvenience, oral semaglutide OD
could be selected by primary care clinicians to
ease such concerns.

Injection Technique

Medical and/or nursing staff should be prepared
to show patients the range of injection devices
and assess their understanding and ability to
use the agreed device. Injections sites and the
importance of rotating the site, along with
needle safety, storage, and disposal, should be
discussed. Injection pens are designed to be easy
to use; however, if individuals are uncertain
about injection technique, clinicians should
provide additional training and demonstration.
This has been successfully delivered via virtual
consultation using videos and supporting
materials during Covid-19. All of the
injectable GLP-1 RAs are delivered via pre-filled

injection pens [16, 18, 20, 22, 26], except for
exenatide OW, for which the powder and the
solvent from two chambers should be mixed in
the pre-filled pen prior to injection [24]. It is
worth noting that the dulaglutide OW injection
device was preferred to the semaglutide OW
[80] and liraglutide OD [81] injection devices
owing to its greater ease of use. Furthermore,
the pen device of dulaglutide OW has a con-
cealed needle which may be considered prefer-
able in people reporting minor forms of needle
phobia. However the usability study (PREFER),
in which the injection devices of dulaglutide
OW and semaglutide OW were compared, had a
number of limitations, including the devices
being used once only, injections being per-
formed into an injection pad rather than par-
ticipants, and the limited generalisability
outside of the USA [80]. Furthermore, there
were no differences in treatment satisfaction
between dulaglutide OW and semaglutide OW
as evidenced in the long-term trial SUSTAIN 7
[82]. To summarise, when prescribing a treat-
ment, clinicians should consider injection
device preference as well as the efficacy, safety
and other important treatment attributes.

Safety Considerations

Contraindications to the use of GLP-1 RAs must
be considered when making a prescribing deci-
sion. In patients with gastroparesis or severe
gastro-oesophageal reflux disease, GLP-1 RAs
should be used with close monitoring and dose
adjustments as needed [83]. Patients who
experience GI side effects should be advised to
have frequent and smaller meals, and drink
plenty of fluids to avoid dehydration. Although
it is not a contraindication to use GLP-1 RAs in
people with a history of pancreatitis, the sum-
mary of product characteristics of these thera-
pies have included warnings concerning the risk
of acute pancreatitis [16, 18, 20, 22, 24, 26, 28];
therefore, primary care clinicians should refer to
the relevant summary of product characteristics
when making prescribing decisions and con-
sider taking specialist advice.

Real-world studies suggest that 12-month
discontinuation rates for GLP-1 RA therapy vary

Table 2 ADA evidence-grading system for ‘Standards of
Medical Care in Diabetes’ [78]

Grade
level

Description

A Clear evidence from well-conducted,

generalisable randomised controlled trials

that are adequately powered

B Supportive evidence from well-conducted

cohort studies

C Supportive evidence from poorly controlled or

uncontrolled studies

E Expert consensus or clinical experience

Where data are conflicting or lacking, advice is provided
that is based on expert opinion and experience in T2D
management
ADA American Diabetes Association
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between 29.5% and 47.7% [84, 85]. These rates
appear to be higher than those reported in
clinical trials, for example, 22.6% of patients
prematurely discontinued therapy during the
24-month trial period in the SUSTAIN 6 trial of
semaglutide [37], and 27.6% of randomised
patients prematurely discontinued albiglutide
during the 25-month trial period in the HAR-
MONY trial [86]. It is possible that the higher
discontinuation rates for GLP-1 RAs in real-
world studies compared with clinical trials
reflect the overall effect of cost for patients, side
effects and patients and/or provider preferences
regarding these GLP-1 RA therapies. Measures to
support patient adherence are discussed in a
later section.

Dosing Considerations

The recommended dose-escalation time period
for GLP-1 RA is intended to improve GI tolera-
bility to AEs such as nausea, vomiting and
diarrhoea, which are common when initiating
GLP-1 RAs [16, 18, 20, 22, 24, 26, 28]. To min-
imise these AEs, it is usually recommended to
escalate the doses of GLP-1 RAs over a period of
time, details of which are shown in Table 1.
Dose escalation can be delayed by 1 week or
altered to a more gradual dose escalation if GI
intolerance is continued [12, 87], as extending
time between dose escalations can help mitigate
tolerability issues. Furthermore, extending the
time before dose escalation may reduce the risk
of retinopathy that is potentially increased
because of a rapid glucose reduction [12].
Hypoglycaemia has been reported in people
treated with GLP-1 RAs combined with SU and/
or insulin [16, 18, 20, 22, 24, 26, 28]; the dose of
SU and/or insulin needs to be re-evaluated and
may need to be reduced prospectively, in order
to decrease this risk [7]. However, the dose
reduction of SU and/or insulin should be in
cautious stepwise fashion to avoid diabetic
ketoacidosis, as per the drug safety update from
the Medicines and Healthcare products Regula-
tory Agency [88].

Adjunct Lifestyle Modification, Dietary
and Physical Activity

Lifestyle modification, dietary and physical
activity are considered first-line interventions
for people with T2D [41, 63, 65]. In addition, all
of the GLP-1 RAs are indicated to be used as an
adjunct to diet and exercise to improve gly-
caemic control in patients with T2D. Particu-
larly, for people with T2D who are obese or
overweight, a 5–10% weight loss of initial body
weight has been shown to be beneficial [12]. A
pilot study investigating the metabolic impact
of intensive lifestyle intervention has shown
that an intensive lifestyle programme consist-
ing of structured educational group sessions and
individual appointments can achieve sustained
lifestyle improvement and weight loss in people
with new onset of T2D without the need for oral
glucose-lowering treatments [89]. Therefore,
maintaining a healthy lifestyle and performing
regular physical activity should be consistently
advised to people with T2D.

Measures to Support Adherence

RCTs have demonstrated that GLP-1 RAs are an
efficacious drug class and real-world evidence
supports that this translates into real-word
effectiveness. However, the RCT performance
and outcomes are not always reflected in real-
world studies, in part because of lower adher-
ence and greater heterogeneity of population
[90]. There is evidence that dosing frequency
and single or multi-dose pens (for injections),
efficacy and side effects are the most influential
drivers of treatment preference [91–93]. There-
fore, primary care clinicians can positively
impact adherence by prescribing simple regi-
mens, i.e. those with less dosing frequency,
easy-to-use injection devices for injectable GLP-
1 RAs or oral formulation semaglutide. How-
ever, they also need to consider the adminis-
tration method of oral semaglutide—it is
advised be taken with an empty stomach and
swallowed whole with up to 120 mL water;
individuals should wait at least 30 min before
eating, drinking or taking other oral medicinal
products [28]. Clinicians should openly explain
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the benefits and potential AEs of treatments,
consider optimising lifestyle measures, such as
keeping well hydrated and small meal sizes, and
build good supportive relationships with their
patients. Furthermore, adequate discussion
between clinicians and their patients allows a
patient-centred treatment plan to be developed,
so that optimal adherence is more likely to be
achieved [70].

Education and Counselling for People
Considering a GLP-1 RA

People with T2D who are considering a GLP-1
RA should be adequately informed about the
mode of action and expected benefits, including
HbA1c and weight reductions, and if appropri-
ate, reduced CV risk associated with GLP-1 RAs.
Clinicians should also explain the possible AEs
and management strategies, e.g. eating smaller
meals more frequently and stopping when
starting to feel full could ease the postprandial
fullness, nausea and worsening of gastro-oe-
sophageal reflux disease.

GLP-1 RA therapy is associated with a low
risk of hypoglycaemia [15–28], which means
that in the UK, routine declaration to the Driver
and Vehicle Licensing Agency (DVLA) is not
required unless there is history of hypogly-
caemia or significant eye-related or circulatory
problems [94]. Clinicians should check that
drivers with T2D understand when they must
not drive, when they may continue to drive
subject to medical advice, and when they must
inform the relevant governing body in their
country of their condition.

Monitoring and Review

Clinicians should arrange appropriate moni-
toring and review for people with T2D who are
treated with GLP-1 RAs. At 3 and 6 months,
HbA1c, body weight and estimated glomerular
filtration rate should be assessed, and any other
medications that have been discontinued or
reduced should be re-evaluated. Compliance,
tolerance and lifestyle of people with T2D
should also be revisited.

Sick-Day Rules [95, 96]

When people with T2D are unwell, they should
contact their diabetes team if they are unsure
about what to do. They should keep hydrated,
eat little and often, monitor their blood glucose
levels if possible, and temporarily pause GLP-1
RA treatment during any intercurrent dehy-
drating illness. The GLP-1 RA can be restarted
when they are eating and drinking normally. If
people with T2D are suffering from vomiting,
drowsy, unable to keep fluids down and/or have
persistent diarrhoea, medical help should be
sought immediately.

Virtual Consultations During the COVID-
19 Pandemic

Virtual consultations, as the commonest service
adaptation arising from the Covid-19 pan-
demic, can be used in primary care settings for
initial and many follow-up appointments.
Undoubtedly, the use of an online form, health-
related app, phone and video calls can save
time, provide convenience for both clinicians
and patients, and significantly reduce face-to-
face contacts for both patients and clinicians.
To ensure a satisfying outcome, several factors
should be considered. Firstly, prior to any vir-
tual consultations, clinicians should under-
stand an individual’s contact preferences, map
the patient journey and suitably inform them
about the technologies and processes involved.
Vulnerable groups should be particularly
focused on to ensure fair access. Secondly, dur-
ing a virtual consultation, advice and informa-
tion should be tailored to the individual patient
and clinicians should check their level of
understanding and agreement of treatment
plans. It should always be considered whether a
clinical examination or tests are required prior
to prescribing medicines. Thirdly, after the vir-
tual consultation, clinicians should ensure that
patients have adequate take-home information
and have access to further appointments.
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FUTURE PERSPECTIVES OF GLP-1 RA
USE IN PEOPLE WITH T2D

People with T2D are at higher risk of CV events
compared with those without T2D, and CV
disease is the major cause of death in people
with T2D [97]. In addition, concern has been
raised about the CV safety of glucose-lowering
therapies. As a result, current guidelines have
shifted focus to reducing CV risk in people with
T2D [41, 63, 65]. Therefore, GLP-1 RAs with CV
benefit may hold future therapeutic promise in
people with T2D. Furthermore, the newly
available oral semaglutide—the first oral for-
mulation of GLP-1 RA for the treatment of T2D
[98]—has shown efficacy, safety and tolerability
in a number of studies [35, 44–51]. Indeed, oral
semaglutide has the potential to overcome
many of the clinician and patient barriers sur-
rounding previous and current injectable GLP-1
RA treatments.

CONCLUSIONS

GLP-1 RA therapies are effective treatment
options for people with T2D, achieving HbA1c

reductions, weight loss and potential CV effi-
cacy, as monotherapy or as add-on to other
glucose-lowering therapies. This review pro-
vides a summary of clinical evidence and prac-
tical guidance to primary care clinicians and
aids the initiation and monitoring of GLP-1 RAs
to ensure more patients achieve desired clinical
outcomes.
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55. Marre M, Shaw J, Brändle M, et al. Liraglutide, a
once-daily human GLP-1 analogue, added to a
sulphonylurea over 26 weeks produces greater
improvements in glycaemic and weight control
compared with adding rosiglitazone or placebo in
subjects with type 2 diabetes (LEAD-1 SU). Diabetes
Med. 2009;26:268–78.

56. Marso SP, Daniels GH, Brown-Frandsen K, et al.
Liraglutide and cardiovascular outcomes in type 2
diabetes. N Engl J Med. 2016;375:311–22.

57. Nreu B, Dicembrini I, Tinti F, Mannucci E, Monami
M. Pancreatitis and pancreatic cancer in patients
with type 2 diabetes treated with glucagon-like
peptide-1 receptor agonists: an updated meta-anal-
ysis of randomized controlled trials. Minerva
Endocrinol. 2020. https://doi.org/10.23736/S0391-
1977.20.03219-8.

58. Vilsbøll T, Bain SC, Leiter LA, et al. Semaglutide,
reduction in glycated haemoglobin and the risk of
diabetic retinopathy. Diabetes Obes Metab.
2018;20:889–97.

59. Vega-Hernandez G, Wojcik R, Schlueter M. Cost-
effectiveness of liraglutide versus dapagliflozin for
the treatment of patients with type 2 diabetes
mellitus in the UK. Diabetes Ther. 2017;8:513–30.

60. Barnett AH, Arnoldini S, Hunt BA-OX, Subrama-
nian G, Hoxer CS. Switching from sitagliptin to
liraglutide to manage patients with type 2 diabetes
in the UK: a long-term cost-effectiveness analysis.
Diabetes Obes Metabol. 2018;20:1921–7.

61. Bain SC, Hansen BB, Malkin SJP, et al. Oral
semaglutide versus empagliflozin, sitagliptin and
liraglutide in the UK: long-term cost-effectiveness
analyses based on the PIONEER Clinical Trial Pro-
gramme. Diabetes Therapy. 2020;11:259–77.

62. Gorgojo-Martı́nez JJ, Malkin SJP, Martı́n V, Hallén
N, Hunt B. Assessing the cost-effectiveness of a
once-weekly GLP-1 analogue versus an SGLT-2
inhibitor in the Spanish setting: once-weekly
semaglutide versus empagliflozin. J Med Econ.
2020;23:193–203.

63. Scottish Intercollegiate Guideline Network (SIGN).
Pharmacological management of glycaemic control
in people with type 2 diabetes. Edinburgh: SIGN
’154’ - as per SIGN permission guidelines. 2017.
https://www.sign.ac.uk/assets/sign154.pdf. Acces-
sed July 14 2020.

64. American Diabetes Association. 9. Pharmacologic
approaches to glycemic treatment: standards of

2286 Diabetes Ther (2021) 12:2267–2288

https://doi.org/10.2337/dc19-0883
https://doi.org/10.2337/dc19-0883
https://doi.org/10.23736/S0391-1977.20.03219-8
https://doi.org/10.23736/S0391-1977.20.03219-8
https://www.sign.ac.uk/assets/sign154.pdf


medical care in diabetes-2021. Diabetes Care.
2021;44:S111–24.

65. Buse JB, Wexler DJ, Tsapas A, et al. 2019 update to:
management of hyperglycemia in type 2 diabetes,
2018. A consensus report by the American Diabetes
Association (ADA) and the European Association
for the Study of Diabetes (EASD). Diabetes Care.
2019. https://doi.org/10.2337/dci19-0066.

66. Association of British Clinical Diabetologists. ABCD
Nationwide Liraglutide Audit. 2020. http://www.
diabetologists-abcd.org.uk/GLP1_Audits/
Liraglutide_Audit.htm. Accessed 25 Sep 2020.

67. Ryder REJ, Thong KY. Findings from the Association
of British Clinical Diabetologists (ABCD) nation-
wide exenatide and liraglutide audits. In: Vora J,
editor. Hot topics in diabetes. 5th ed. London:
Springer; 2012. p. 49–61.
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