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Abstract
This editorial is stimulated by the article by Alqifari et al published in the World 
Journal of Diabetes (2024). Alqifari et al focus on practical advice for the clinical use 
of glucagon-like-peptide-1 (GLP-1) receptor agonists (GLP-1RAs) in the 
management of type 2 diabetes and this editorial provides complementary 
information. We initially give a brief historical perspective of the development of 
GLP-1RAs stimulated by recognition of the ‘incretin effect’, the substantially 
greater insulin increase to enteral when compared to euglycaemic intravenous 
glucose, and the identification of the incretin hormones, GIP and GLP-1. In 
addition to stimulating insulin, GLP-1 reduces postprandial glucose levels by 
slowing gastric emptying. GLP-1RAs were developed because native GLP-1 has a 
very short plasma half-life. The majority of current GLP-1RAs are administered by 
subcutaneous injection once a week. They are potent in glucose lowering without 
leading to hypoglycaemia, stimulate weight loss in obese individuals and lead to 
cardiovascular and renal protection. The landscape in relation to GLP-1RAs is 
broadening rapidly, with different formulations and their combination with other 
peptides to facilitate both glucose lowering and weight loss. There is a need for 
more information relating to the effects of GLP-1RAs to induce gastrointestinal 
symptoms and slow gastric emptying which is likely to allow their use to become 
more effective and personalised.
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Core Tip: In people who are prescribed a glucagon-like-peptide-1 receptor agonist (GLP-1RA) for management of type 2 
diabetes or obesity you should always ask about gastrointestinal symptoms both before and after initiating therapy. 
Gastrointestinal adverse effects of GLP-1RAs are common, but may not be volunteered.
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INTRODUCTION
The development of glucagon-like-peptide-1 (GLP-1) receptor agonists (GLP-1RAs), which has revolutionised the 
management of both type 2 diabetes and obesity, represents a story of long-term discovery, driven as much by 
serendipity as targeted research, with effective, but arguably overdue, translation-the breadth of which has been unanti-
cipated.

BACKGROUND
The so-called ‘incretin effect’-that oral, or enteral administration of glucose leads to a much greater (50%-70%) insulin 
response than isoglycaemic intravenous glucose was reported in 1964 i.e. some 60 years ago, but already suggested by the 
Belgian physiologist La Barre in 1932[1]. Key milestones subsequent to 1964 have been the characterisation of the two 
‘incretin’ hormones-glucose-dependent insulinotropic peptide-GIP (initially termed gastric inhibitory polypeptide) (about 
1973) and GLP-1 (about 1985), the demonstration that the ‘incretin effect’ is attenuated in type 2 diabetes (about 1986) 
reflecting a markedly diminished insulinotropic effect of GIP (about 1993), which is probably the dominant incretin in 
health[1], and the landmark observation by Nauck et al[2,3] that intravenous administration of  GLP-1, in pharmaco-
logical concentrations, had the capacity to normalise even markedly elevated blood glucose levels, in type 2 diabetes[2,3]. 
This latter observation was contrary to expectation based on the outcome of prior animal studies and, importantly, 
glucose lowering induced by GLP-1 was not associated with induction of hypoglycaemia[2]. The latter reflects the 
glucose-dependency of the insulinotropic and glucagonostatic actions of GLP-1 and accounts for the safety of GLP-1RAs 
in relation to their low, to non-existent, potential to induce hypoglycaemia in humans[3].

It was subsequently demonstrated (about 1997) that GLP-1 also slowed the rate of gastric emptying and this, rather 
than the stimulation of insulin and/or the suppression of glucagon, represented the major mechanism underlying its 
effect to lower postprandial glucose markedly. Accordingly, GLP-1 was shown to be an enterogastrone, as well as an 
‘incretin’[4]. Altogether these observations provided a persuasive basis to support the development of drugs based on the 
actions of GLP-1, rather than GIP, as a glucose lowering therapy. However, it was also appreciated in about 1995, that 
both GLP-1 and GIP undergo rapid proteolytic degradation in plasma, by a ubiquitous enzyme, dipeptidyl peptide-4 
(DPP-4), and that native GLP-1 was, accordingly, unlikely to be used therapeutically because of its short (approximately 2 
min) plasma half-life[2]. To overcome the deficiency of native GLP-1 two strategies were developed and have been 
translated successfully to treat type 2 diabetes-DPP-4 inhibitors, designed prospectively, introduced in 2004 and now 
widely used, safe oral medications that they have only modest glucose-lowering capacity and are weight neutral and 
GLP-1RAs, resistant to degradation by DPP-4, administered for the main part subcutaneously and, as will be discussed, 
with potent effects to reduce elevated blood glucose levels as well as reduce body weight in obese individuals[2].

The first GLP-1RA, exenatide, introduced in 2005 for the management of type 2 diabetes, was, astonishingly, based on 
exendin-4 isolated from the venom of the Gila monster, Heloderma suspectum, a slow-moving lizard native to 
Southwestern United States. Exenatide exhibits approximately 50% homology to native GLP-1 and is administered 
subcutaneously twice a day. This has been followed rapidly by the ongoing development of ‘designer’ molecules (e.g. 
liraglutide, dulaglutide and semaglutide) with increasingly greater efficacy to improve glycaemic control, as well as 
reduce body weight. There are substantial differences between individual GLP-1RAs, apart from their capacity to reduce 
blood glucose and body weight, particularly in relation to their duration of action, where they may be classified as either 
‘short’- or ‘longer’-acting’[3].

LIMITATIONS OF PREVIOUS PHARMACOTHERAPY FOR TYPE 2 DIABETES
The significance of the advent of GLP-1RAs should be considered in relation to the substantial limitations in existing 
approaches to the management of type 2 diabetes. It was appreciated that measurement of glycated haemoglobin 
(Hb1Ac) was predictive of both the development and progression of the microvascular complications of diabetes, so that 
management should, ideally, be targeted to achieve a Hb1Ac ≤ 7.0% or even less. Moreover, as a result of the seminal 
work by Monnier et al[5], it was recognised that the contribution of postprandial blood glucose excursions to Hb1Ac is 
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substantial, and when Hb1Ac is ≤ 7.5% it is the dominant determinant. Approaches to management were also essentially 
‘glucocentric’ with the aim of delaying, if not preventing, microvascular complications. The individual response to 
glucose-lowering therapy was variable and, at least in most cases, unpredictable and the approach to management was 
essentially empirical. The use of insulin (and to a lesser extent, sulphonylureas) was, of course, also associated with 
hypoglycaemia (deleterious and sometimes lethal), increased glucose variability (a potential factor in the risk of micro- 
and macrovascular complications) and weight gain (in individuals who are characteristically already obese). The 
therapeutic approaches also had limited, if any, impact on either cardiovascular or renal dysfunction, which were well 
recognised as major sources of morbidity and mortality. Inherent ‘advantages’ of GLP-1RAs were, accordingly, that they 
targeted the ‘islet cell defects’ in type 2 diabetes of excessive glucagon, and a relative reduction in insulin, secretion, their 
capacity to normalise both fasting and postprandial hyperglycaemia and the non-existent potential for hypoglycaemia. A 
further, and major, paradigm shift was the demonstration, in 2016, that liraglutide prevented cardiovascular events and 
was also renoprotective[6]-the majority of subsequently developed GLP-1RAs have shown similar effects[7]. It should be 
appreciated that these cardiovascular outcome trials, initiated in about 2008, were mandated by regulatory bodies to test 
the safety and efficacy of new glucose lowering drugs, and the positive outcomes were generally unanticipated. Several 
direct and indirect effects may account for the cardio-/reno-protective actions of GLP-1RAs, which appear unrelated to 
their glucose lowering effect[7].

CONCLUSION
Further developments in GLP-1RAs
The landscape in relation to GLP-1RAs is expanding rapidly. Drugs that are agonists of two or more peptides that are 
involved in the regulation of glycaemia and/or body weight (i.e. a GLP-1RA and at least  another compound), such as 
tirzepatide, a combined GLP-1/GIP agonist, that has recently become available and retatrutide (a combined GLP-1, GIP 
and glucagon agonist) that is in late phase development[3,8]. Recently, and, contrary to expectation, small molecules that 
interact with the GLP-1 receptor and are not degraded rapidly when given orally (e.g. orforglipron), have been developed 
and appear effective in both glucose lowering and inducing weight loss[9]. While an oral formulation of semaglutide is 
available, it has very low bioavailability, even with concomitant use of an absorption enhancer.

The use of GLP-1RAs is being also explored in other diverse disorders, including fatty liver disease and Parkinson’s 
disease[10]. GLP-1RAs may prove useful in the management of postprandial hypotension, a substantial fall (> 20 mm Hg) 
in systolic blood pressure after a meal, which occurs frequently (approximately 20%) in type 2 diabetes (more commonly 
than orthostatic hypotension which is well recognised) and predisposes to falls[11]. Postprandial hypotension currently 
lacks an effective treatment.

Issues relating to the use of GLP-1RAs in type 2 diabetes that should be addressed
The magnitude of the response to GLP-1RAs in type 2 diabetes in terms of both glucose lowering and weight loss is 
highly variable and largely unexplained-this is not surprising given the empirical design of the majority of clinical trials. 
This issue represents a focus of the timely review by Alqifari et al[12] who provide practical, and useful but, in many 
cases, unavoidably not evidenced-based, recommendations. Clinicians would benefit greatly by insights as to which 
patient should be given a GLP-1RA and which GLP-1RA.

Upper gastrointestinal symptoms are the most common adverse event of GLP-1RA therapy (particularly nausea and 
diarrhoea) and not infrequently (perhaps about 10%) lead to non-adherence and/or treatment discontinuation[3]. 
Gastrointestinal symptoms, however, also occur frequently in people with type 2 diabetes and the obese who do not have 
type 2 diabetes[13]. It is regrettable that in nearly all studies relating to GLP-1RAs gastrointestinal symptoms have been 
assessed solely using participant ‘self-report’, which is known to be unreliable, rather than simple, validated measures 
that are readily available and used extensively in the assessment of functional gastrointestinal disorders (e.g. irritable 
bowel syndrome and functional dyspepsia[14]. The relevance of symptom induction to weight loss induced by GLP-
1RAs, accordingly, still remains uncertain. The impact of GLP-1RAs to slow gastric emptying, which is integral to their 
capacity to reduce postprandial glycaemic excursions, also requires clarification. ‘Short-acting’ GLP-1RAs (i.e. exenatide 
BID and lixisenatide) have been shown, using accurate methods, to slow gastric emptying markedly but variably. This 
slowing occurs in doses substantially less than used in the management of type 2 diabetes[13,15] and is predictive of the 
reduction in postprandial glucose[13]. It was assumed (without accurate measurement) that ‘longer-acting’ GLP-1RAs 
did not have sustained effect to slow gastric emptying, but this concept has recently been shown to be incorrect-
liraglutide[16], exenatide QW[17] and semaglutide sc[18] all slow gastric emptying substantially and, like ‘short-acting’ 
GLP-1RAs, variably, with longer-term administration. Gastric emptying is also frequently delayed in longstanding, 
complicated type 2 diabetes per se, but cannot be predicted on the basis of symptoms[13]. This issue has assumed even 
greater importance with recent reports of retained gastric content, despite adherence to recommended periods of fasting 
in individuals using long-acting GLP-1RAs with cases of aspiration[19]. This has stimulated recent guidelines for the use 
of GLP-1RAs prior to surgery/endoscopic procedures, which unavoidably lack a strong evidence base. Assessment of 
their effect on gastric emptying, using a precise technique, should be part of the routine development of GLP-1RAs[14].
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