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Abstract: One of the classes of injective antidiabetic agents includes Glucagon-like peptide-1 recep-
tor agonists (GLP-1RA) which ameliorate glycemia and numerous atherosclerosis-related factors in
individuals prone to Type 2 diabetes mellitus (T2-DM) disorder.

Methods: The review paper targeted the role of GLP-1RA in managing DM. The literature published
during the last decades in several data-based searches (PubMed, Scopus, ScienceDirect) was re-
viewed and compiled the therapeutic uses of GLP-1 RA in the management of DM. In this review,
we have discussed GLP-1RA and its role in the management of diabetes mellitus.
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Accepted: Novernber 14, 2023 Results and Discussion: Disrupted homeostasis marks insulin resistance and B-cell deterioration as

two major indications of T2-DM. B-cells failure (~80% of functioning of B-cell) and insulin resistance
in the liver and muscles are primarily susceptive to physiological defects. GLP-1RAs if administered
for a prolonged period also cause a loss in weight through the activation of receptors of GLP-1 found
in hypothalamic satiety centers which control appetite and decrease intake of calories. They not only
assist in controlling blood glucose but also improve - cell function and post—diabetic conditions
namely hyperlipidemia, obesity, and hypertension.
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Conclusion: It was concluded that GLP-1RA has a new therapeutic approach to the management of
DM. Hence, GLP-1RA provides distinctive and innovative evolution for the treatment of T2-DM.

Keywords: GLP-1, type 2 diabetes mellitus, B-cells, insulin, exenatide, incretin mimetics.

1. INTRODUCTION mia by GLP-1RA when given in combination therapy with
thiazolidinediones or metformin, but the incidence of hypo-
glycemia may be minimized by sulfonylurea or insulin. Var-
ious metabolic effects of GLP-1RA include decreased gastric
emptying, obstructed food intake, modulation of rodent p-cell
proliferation, induced glucose-dependent insulin secretion,
and elevated natriuresis and diuresis. Besides, GLP-1 also

possesses neuroprotective effects, cardioprotective effects,

One of the classes of injective antidiabetic agents includes
Glucagon-like peptide-1 receptor agonists (GLP-1RA) which
ameliorate glycemia and numerous parameters associated
with atherosclerosis in individuals prone to Type 2 diabetes
mellitus (T2-DM) [1, 2]. There are no episodes of hypoglyce-
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apoptosis, and decrease inflammation. Similarly, GLP-1 acts
by binding to GLP-1R, thus increasing insulin secretion when
oral and intravenaous glucose is administered [3-5]. DM is a
metabolic disorder caused by restricted or entire deficit of in-

© 2025 Bentham Science Publishers


http://crossmark.crossref.org/dialog/?doi=10.2174/0115748855276929231218053337&domain=pdf

46 Current Drug Therapy, 2025, Vol. 20, No. 1

Sashi et al.

! | .

Brain GI Tract Heart

Gastric Contractibility 4
emptying 4

Food intakey

Water intake], Cardiac output 4

GI motility y

Learning& Myocyte survival 4
memory4

Cardioprotection
Neuroprotectionf

Glucose unlization 4
Inflammation

Vasodilation 4
Reward
behaviour Glucose uptake 4
Palatabilityy Left ventricular

function f
Apoptosis ¥

Blood pressure fH
Heart rate?4—+
ANP production f

Natriures is#

' ' '

Bone Muscle Pancreas
Bone function 4 Insulin Insulin secretion 4
sensitivity
Bone mass 4 Insulin synthesis 4

Glucose uptake f
Glucagon secretion §,

B-cell proliferationd
Apoptosis §,

B-cell survival f

Fig. (1). Pharmacological action of GLP-1. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

sulin secretion or insulin response which results in impair-
ment of the metabolism of lipids, carbohydrates, and proteins
resulting in chronic hyperglycemia. Disrupted homeostasis
marks insulin resistance and 3-cell deterioration as two major
indications of T2-DM. B-cells failure (~80 percent of B-cell
functioning) and insulin resistance in the liver and muscles
are primarily susceptive to physiological defects [6, 7]. T2-
DM is depicted by insulin unresponsiveness due to insulin
resistance, diminished insulin formation, and ultimately B-
cell failure in the pancreas. The conditions reduce glucose
transport into the muscle cells, fat cells, and liver. Hypergly-
caemic episodes stimulate lipolysis. Altered a-cell function
elicits hepatic glucose and glucagon levels that rise during
fasting are not depleted with meals. Hyperglycemia results
from inadequacy in insulin levels and enhanced insulin re-
sistance. The incretins act as significant mediators of insulin
release and about GLP-1, glucagon inhibition. A greater class
of individuals having Type 2 diabetes are obese having cen-
tral visceral adiposity. Thus, advancing in Type 2 diabetes,
the adipose tissue plays an essential role [6, 8-11]. The ad-
verse effects associated with GLP-1RA include gastrointesti-
nal events such as nausea, vomiting, and diarrhea. Trials re-
ports showed nausea of mild to moderate form and tend to
lessen with time. GLP-1 assists in the glucose-dependent rel-
ative release of insulin from B-cells of the pancreas [12-15].
This response is mediated by a prompt, kinase phosphoryla-
tion-dependent mechanism; however, gene expression is not
altered [16, 17]. Exogenous GLP-1 when administered intra-
venously to people suffering from T2-DM tends to maintain
the normal fasting glucose level by lowering the plasma glu-
cose concentration, even in cases that showed insufficient re-
sponse to oral anti-hyperglycaemic agents [7, 16, 18, 19].

In this review paper, an attempt was made to highlight the
therapeutic approach towards the GLP-1RA in the treatment
of T2-DM based on clinical trials and also discuss the mech-
anism behind the GLP-1RA.

2. MATERIALS AND METHODS

For the assessment of the function of the GLP-1RA in
treating diabetes mellitus, the literature present in various da-
tabase search engines like Science Direct, PubMed, and Sco-
pus was studied. The research or review papers published in
the last decades (2010-2022) related to the selected topic
were searched by using keywords such as, “Glucagon-like
peptide-1 (GLP-1) receptor agonists”. Several articles were
found and relevant papers include the GLP-1RA and its func-
tion in diabetes mellitus (DM). The selected literature was re-
viewed and functions of GLP-1 RA in DM were discussed.

3. PHARMACOLOGICAL ACTIONS OF GLP-1

Exogenous GLP-1 on administration intravenously to
people suffering from T2-DM tends to maintain the normal
fasting glucose level by lowering the plasma glucose concen-
tration, even in cases that showed insufficient response to oral
antihyperglycaemic agents [20-23]. The pharmacological ac-
tions of GLP-1RA are summarized in Fig. (1). Exogenous
GLP-1 administration to people with T2-DM showed multi-
ple effects such as lowered A1C, steady gastric emptying, el-
evated satiety, low free fatty acid concentrations, reduced
glucagon concentration, enhanced insulin sensitivity, and re-
duced body weight [2]. Recently, US FDA has accepted the
5 GLP-1 RAs namely exenatide, dulaglutide, liraglutide, lix-
isenatide, and albiglutide which are briefed in Table 1.
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4. GLP-1 MECHANISM OF ACTION

GLP-1 has several actions such as enhancing insulin se-
cretion & diminishing glucagon which results in the depletion
of glucose formation [24]. Administration of a pharmacolog-
ical dose of GLP-1 can improve incretin defects. However,
weight loss and decreased appetite are the effects exerted on
the brain. Somatostatin activity is enhanced by sodium-glu-
cose cotransporter-2 (SGLT-2) [25]. Liraglutide elevates in-
tracellular cyclic adenosine monophosphate (CAMP) by acti-
vating GLP-1R triggering insulin secretion and reducing
postprandial glucagon [26]. Glucagon triggers definite G pro-
tein-coupled receptors (GPCR) on pancreatic p-cells, which
ultimately activate the adenylate cyclase and intensify the
glucose-reliant release of insulin from B-cells in the pancreas.
Promoting insulin release enhances the release of insulin

Table 1. FDA Approved available GLP-1RA.
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and diminishes glucagon release in a glucose-dependent rel-
ative mode via mimicking incretin. Dulaglutide mediates
steady motility in the gastric region and reduces endogenous
glucose synthesis, and food intake [27-29]. The detailed
mechanism is summarised in Fig. (2). As depicted in Fig. (2),
signaling of GLP-1 in pancreatic B-cells elicits metabolic/bio-
energetic reprogramming leading to excessive glyco-
Iytic/higher ATP-making phenotype. This metabolic repro-
gramming plays a definitive role in mechanism(s) triggering
stimulation of GLP-1 and hence insulin secretion. Studies re-
vealed an essential mechanism that discusses GLP-1 ana-
logues potentiate glucose homeostasis in type 2 DM patients,
disclosing latest aspects that lead to the advancement of the
latest therapeutic strategies [16, 30]. Fig. (2) depicts the func-
tion of GLP-1 RA in preventing T2DM.
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Fig. (2). The function of GLP-1 RA in preventing T2DM. (4 higher resolution / colour version of this figure is available in the electronic

copy of the article).

5. GLP-1 RA AND TYPE 2 DM - CLINICAL ANALYSIS

The incretin system secretes a hormone namely GLP-1
that mediates several gluco-regulatory consequences, namely
glucose-dependent relative release of insulin and reduction of
glucagon secretion, these outcomes deteriorate in participants
having T2-DM. Clinical data from over a decade implies that
this deficiency could be treated by using GLP-1RAs as a tool
in T2-DM. Clinical trial studies using GLP-1RAs subcutane-
ously implicate that such drugs have glycated hemoglobin
(HbAlc) reducing tendency, a congenitally less possibility
for hypoglycemia, and decreased weight of the body. GLP-
1RAs have been found safe when undergoing cardiovascular
trials and three of them reported a decreasing threat of main
adverse cardiovascular episodes (MACE) in cases with the
confirmed cardiovascular disorder or a major threat [31, 32].
The frequently harmful effects susceptible to GLP-1RAs are
GIT effects, which occur at the initial stage and diminish over
time. Several research studies regarding GLP-1 RA are dis-
cussed in this section. For exapmple, Stephen et al. reported
that majority of patients opt for oral medicines, the formula-
tion of GLP-1RA orally is a beneficial strategy for enhancing

the prophylaxis of T2DM. Semaglutide, being the recently
approved first oral GLP-1RA, is the co-formulation having
penetration enhancer that exhibits the capability to enhance
the usage of GLP-1RAs in the clinical procedure [33]. Sev-
eral studies reported the effectiveness of GLP-1RAs, their
function in the management of T2-DM, and the potential of
GLP-1RAs is also summarized. Regarding the effectiveness
of GLP-1RAs, Alatorre et al. compared adherence (propor-
tion of days covered [PDC]), treatment, and persistence pro-
totypes between T2-DM people by introducing GLP-1 RAs.
T2-DM patients were given dulaglutide, albiglutide, and ex-
enatide once a week, exenatide and liraglutide two times a
day (BID). It was found that mean adherence was considera-
bly greater for dulaglutide concerning exenatide and lirag-
lutide. The proportion of participants attaining PDC >0.80
was noteworthy more for dulaglutide in contrast to exenatide
and liraglutide. The mean days on therapy for all matched
participants was considerably greater for dulaglutide in rela-
tion to exenatide and liraglutide. A considerably lower per-
centage of dulaglutide patients withdraw treatment in contrast
to exenatide and liraglutide. It was concluded from the above
study, significantly greater adherence, higher persistence, and
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less discontinuation were shown by Dulaglutide inhibitors
compared to exenatide or liraglutide when examined after a
6-month follow-up [34]. On the other hand, Overgaard et al.
reported that Semaglutide, GLP-1 analog, had been accepted
for improving type 2 DM. It was observed from the above
study, that the potency-attuned efficient GLP-1RA levels
raised after replacing semaglutide from another GLP-1RA
and decreased from ~0.3 to ~0.8 %- points for HbAlc and
body weight from ~2 to ~4% by administrating 1.0 mg of
semaglutide. Limited depletion in HbAlc was noticed after
substitution to semaglutide 0.25 mg from liraglutide 1.2/1.8
mg or dulaglutide 1.5 mg. Thus, it was concluded that the ex-
posure-response model substituted semaglutide with ex-
enatide, dulaglutide, or liraglutide sustained-release for more
depletion in HbAlc and body weight [35]. Earlier minor de-
pletion in outcomes, when switched to semaglutide 0.25 mg,
might be neglected by starting semaglutide therapy at a larger
dosage. Similarly, Roth et al. explained the efficiency, toler-
ability, and assurance of a GLP1RA determined in hypotha-
lamic obesity (HO) patients. Participants were given once-a-
week injections by subcutaneous route of exenatide 2mg or
placebo for 36 weeks randomly. The fundamental efficiency
endpoint was measured at 36-week presenting a change in
BMLI. 42 individuals were given exenatide 2 mg (ExQW) or
a placebo randomly. Patients were 5+2 years post-diagnosed
and had progressed HO. In studies, the consequence of a 36-
week ExQW versus placebo on percentage BMI was insig-
nificant; though total body fat mass decreased. There was a
convincing decrement in waist circumference. All partici-
pants administered with placebo had enhanced percent adi-
pose tissue, while 50% examined with ExQW had decre-
ments. No significant changes were observed in mean
HbA ¢, glucose tolerance, and serum lipid levels post-ther-
apy. ExQW was well accepted. The utmost adverse effects
were short-term gastrointestinal effects. It was concluded that
the GLPI1RA is an assured and safer treatment approach to
potentiate or manage HO in young adults and children [36].
In another research, Santiago Tofé e al. estimated the effec-
tiveness and adequacy of available GLP-1 RA agents in T2-
DM patients after a tedious follow-up in a real-world setting.
It was observed from the study that 735 patients were of an
average age group of 59.7 years, the extent of diabetes was
about 9.01 years, 8.18% HbAlc, and 38.56 kg/m2 BMI. The
average observation was for 18.97 months. All HbAlc, fast-
ing plasma glucose (FPG), and BMI were approximately de-
creased from baseline and managed during the follow-up.
About 13.81% of patients were prone to gastrointestinal (GI)
adverse effects when evaluated after the first follow-up,
37.07% of people withdrew from the GLP-1 RA therapy, and
38.63% did not reveal much efficacy. Thus, GLP-1 RA
agents are majorly recommended for obese participants with
prolonged and inadequately controlled T2-DM. All agents
recommended GLP-1 RAs with considerably lower FPG,
HbAlc, and BMI. GI adverse effects were shown in fewer
patients. It was concluded from the study that a larger portion
of patients did not find efficient and/or disrupted GLP-1 RA
treatment [37]. In the same way, Razavi ef al., 2020 reported
that clinical trial studies have illustrated their efficiency con-
cerning other oral antihyperglycemic agents, gained body
weight, and improved hypoglycaemic episodes. Both Dipep-
tidyl peptidase-4 (DPP-4) inhibitors and GLP-1 RAs proved
their efficacy in cardiovascular outcome tests, while certain
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GLP-1 RAs were reported to considerably lower the chances
of severe harmful cardiovascular episodes in T2-DM patients
with pre-defined cardiovascular disorder. Various clinical
trial studies have precisely differentiated between the effi-
ciency and safety of GLP-1 RAs and DPP-4 inhibitors. These
findings have typically revealed that the GLP-1 RA showed
better management of glycemia and weight reduction com-
pared to the DPP-4 inhibitor. Both treatment schedules tend
to decrease the occurrence of hypoglycemia, but GLP-1 RAs
were prone to more GI adverse effects [17, 38]. In some stud-
ies, evaluation was done by substituting DPP-4 inhibitors in
comparison to GLP-1RAs and the latter showed enhanced
glycaemic control and weight reduction post-substitution
[19]. Present clinical guidelines depict that both DPP-4 inhib-
itors and GLP-1RAs are associated with the management of
glycemia in T2DM patients. GLP-1RAs might be chosen
over DPP-4 inhibitors among participants as they showed
more decreased HA1c and reduction of weight in the clinical
trials. Amongst participants with pre-defined cardiovascular
disease, GLP-1 RAs with validated cardiovascular benefits
are proved in addition to metformin therapy [17]. A system-
atic investigation of the literature was conducted using sev-
eral databases. Random controlled trials were performed that
compared exenatide and liraglutide with once-a-week GLP-
1RAs in type 2 diabetes. The results were investigated by gly-
caemic control, body weight reduction, hypoglycemia, and
GI adverse effects. The output indicat, ed that 5531 patients
were examined under eight trials. Dulaglutide, taspoglutide
and Exenatide-long-acting release (LAR) showed more fa-
vorable results than exenatide BID in decreasing glycosylated
HbAlc and FBG amounts and attaining HbAlc targets. Li-
raglutide was as efficient as dulaglutide and more significant
than exenatide-LAR and albiglutide in glycemia manage-
ment. Once a week, GLP-1RAs, exenatide, and liraglutide
showed the identical prevalence of hypoglycemia and GI ad-
verse events. It was observed that once a week administered
GLP-1RAs were more efficient in glycaemic control and
identically potent in reducing body weight than exenatide ad-
ministered two times a day but was substandard to liraglutide
in managing these 2 factors (dulaglutide was equivalent to li-
raglutide in glycaemic control). GLP-1RAs administered
once a week, exenatide and liraglutide had similar chances of
causing AEs [39]. Similarly, Patel et al. reported a literature
review to examine the potency data of GLP-1 RAs adminis-
tered once a week (QW) in terms of controlling glycemia,
cardiovascular events, decreased body weight, and possible
renal defensive actions to reinforce pharmacy professionals
and various healthcare workers to guide patients about the
treatment. In this detailed review, 31 clinical trials were con-
ducted taking into consideration the Phase 3 clinical trials of
the QW GLP-1 RAs dulaglutide, exenatide controlled-re-
lease, and semaglutide administered subcutaneously. All QW
GLP-1 RAs were preferable to placebo for lowering HbAlc
and weight of the body. Last, in QW GLP-1 RA versus insu-
lin tests, all QW GLP-1 RAs were as potent as insulin, pri-
marily when body weight and hypoglycemia were also ex-
pressed. QW GLP-1 RAs are approaching a significant cura-
tive preference for T2-DM patients as they emerge as an asset
apart from just glycaemic control. Their possible potency dif-
ferences must be taken care of while prescribing them to the
patients. Thus, GLP-1 RAs are attributed to a variety of prof-
its for T2-DM patients that are confirmed through their place
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within the therapy rules of diabetes [40]. Potts e al. demon-
strated the actions of GLP-1RAs in comparison to placebo
and different antidiabetic drugs on the reduction of body
weight in obese or overweight T2-DM patients. Meta-anal-
yses were conducted in pairs and mixed therapy comparisons
were accompanied to assess the variable changes in weight
after six months duration between each comparator and the
GLP-1RAs. Among 27 trials in the mixed therapy compari-
son, the GLP-1RAs were primarily used in reducing weight;
exenatide 2mg/week, liraglutide 1.2mg, exenatide 20pg: and
liraglutide 1.8mg with respect to placebo. No significant dif-
ferences were noticed amongst various GLP-1 RAs relative
to weight loss. This review implies that treatment with GLP-
1RAs is involved in the diminution of weight in obese or
overweight T2-DM participants. No considerable difference
in reduction of weight was assessed amongst various GLP-
1Ras [41]. Similarly, clinical benefits of GLP-1R agonists
were appreciated from largely randomized clinical trial data
which were performed to evaluate cardiovascular safety. In
placebo-controlled clinical studies, improvement of renal bi-
omarkers was seen with effects supposedly being independ-
ent of glycemic control actions. In this review, GLP-1R ago-
nist's action on the metabolism of glucose and physiological
functions of the kidney, and the mechanisms both direct and
indirect of renal protection of these drugs were described
[42]. In another trial, 126 obese and overweight T2-DM peo-
ple were the part of initial analysis. Among these, 13 stopped
dulaglutide (DU) owing to gastrointestinal side effects after a
mean follow-up of 6 months and 18 months duration of reg-
ular treatment was achieved by 65 of them. At 6 months, a
remarkable reduction of mean HbAlc by —0.85% exhibited a
steady value during the follow-up of 18 months. A moderate
loss in weight over time was seen with these results. Logistic
regression analysis confirmed the defensive outcome of obe-
sity against discontinuation of the drug. Along with the ben-
efit of a once-weekly regime, at an 18-month follow-up, a
major chunk of participants on DU medication achieved gly-
cemic targets in comparison to those on liraglutide (LIRA).
These findings suggested the beneficial outcome of DU as an
add-on to metformin (MET) or MET added to insulin secret-
agogues is promising and lasting, specifically in the view of
obesity and bigger HbA1c impairment although it has its lim-
itation in the form of its retrospective design and inability to
titrate LIRA to its highest dose [43]. Likewise, Neil et al.

Table 2. Functions of GLP-1 RA in prevention of T2-DM.

Sashi et al.

studied the double-blind, randomized, active-controlled and
placebo, multicentric, phase 2 trial. The researchers collabo-
rated with 08 countries having 71 clinical locations. Non-di-
abetic participants with a BMI of 30 kg/m? or more were se-
lected for the project. Participants (6:1) were randomly dis-
tributed to the active treatment group (i.e. semaglutide
(started at 0-05 mg/ day and increased proportionally each 4
weeks) or liraglutide (started at 0-6 mg/ day and increased by
0-6 mg/ week)) or matching placebo group employing a block
size of 56. All the dosages were given through a subcutaneous
route once daily. All semaglutide groups versus placebo were
noteworthy and continued to be significant even after being
adjusted for multiple tests. The mean weight of the body de-
creased for 0-2 mg or more of semaglutidein contrast to lirag-
lutide were all considerable, and weight loss of 10% or more
was estimated to have occurred in 10 percent of participants
who were given a placebo in comparison to 37-65% who
were administered 0-1 mg or more of semaglutide. All dos-
ages of semaglutide were well accepted, with no newer safety
worries [44]. Another study analyzed 932 eligible partici-
pants having T2-DM who were prescribed GLP-1 RA be-
tween the index date of September 2016 to July 2018 for the
first time. The average age was 63.8 years and 56.0% were
males. Dulaglutide (65.7%) or liraglutide (29.1%) were the
index GLP-1 RA of most people. Usual comorbidities asso-
ciated were hypertension, obesity, dyslipidemia, nephropa-
thy, and retinopathy. Average hemoglobinAlc (HbAlc) lev-
els were reduced above 6 months after GLP-1 RA com-
mencement. A decrease in mean body weight, triglycerides,
body mass index, low-density lipoprotein, total cholesterol,
and attuned urinary albumin occurred above 6 months. Anti-
diabetic drug usage reduced after GLP-1 RA commencement,
although non-antidiabetic therapy prescribing underwent lit-
tle or no change. Thus, prominent advantages of GLP-1 RA
management are evident in the study for T2-DM, including
betterment in HbAlc, blood lipid profile, and body weight
(28) [45]. Rapuch et al. reported the major result was treat-
ment perseverance with no discontinuity (gap after index
management prescription > 2-fold the likely period of that
medication) or change over new non-index glucose-dropping
prescription prescribed < 30 days before or after index treat-
ment discontinuity [46]. Some of the significant work carried
out by the study of the role of GLP-1RA in the management
of DM is summarized in Table 2.

GLP-1 Category Route of
Stud, Ad Effect: R ks/Conclusi
e Drug/dose/Duration of Action Administration verse Riects emar onclusion
Exenatide three management . Sustained reduction in HbAlc,
Linnebjerg et | categories (placebo, 5 pgand Subcutaneous in- Nausea, vomiting, headache, . Decrease in weight of the body

al., 2004 [64] 26 weeks

al., 2008 [63] 10 pghb.id.scfor5 days jection diarrhea, and hypoglycemia and stringent postprandial control
each) of glucose.
e  Considerably decreased Hbl Ac in
N N iting, and - T2-DM failing maximally signifi-
Buse et Exenatide 5 pg dose b.i.d. for ausea, vomt mg and reeur ¢ Y Sig
Subcutaneous rent adverse episodes were cant doses of sulfonylurea.

usually of gastrointestinal type .

Usually well accepted and con-
cerned with loss in weight.

(Table 2). Contd...
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GLP-1 Category

Route of
Study Drug/dose/Duration of ou ¢o . Adverse Effects Remarks/Conclusion
. Administration
Action
Capability of 24-hrs glycemic control
& diminution in weight with novel
once-weekly management for T2-
Ki 2. ti DM.
im et al Omg exenatide once Subcutaneous Nausea, Gastroenteritis/diarrhea )

2007 [65] weekly Lessened fasting plasma glucose, re-
duction of body weight, decreased
self-monitored postprandial hyper-
glycemia
Employed either alone or in amal-

ti ith additional d
Yousef et al . . Gastrointestinal, endocrine/meta- g.a m? ron with a 1_1 ona- drugs were
Liraglutide Oral/ Subcutaneous . significant at lessening HbAlc and
2021 [66] bolic, central nervous system

regulating weight in people suffering
from T2-DM

Janssen et al
2020 [67]

Exenatide 12 weeks 2
mg s.c

Intravenous

Nausea, vomiting adverse effects of
a gastro-intestinal nature, and sub-
cutaneous nodule in dermatological
origin

Agonism of GLP-1R enhances FDG
uptake by brown adipose tissue with-
out showing obesity or T2-DM.

Exenatide decreased body weight,
without influencing REE or oxidation
of the substrate, and momentarily re-
duced appetite ratings for the period
of the first week. It also diminished
levels of total cholesterol and triglyc-
erides, and inclined to lessen glucose
amounts.

Remarkably, it raised BAT metabolic
volume and mean standardized up-
take value without influencing supra-
clavicular adipose tissue fat propor-
tion (MRI).

Ekberg et al.
2021 [68]

Semaglutide Initial dose
of semaglutide, 0.25
mg,0.5mg,1.0mg

Standard pen
injector

GI hemorrhage hypoglycemia,

It was concerned with glycemic and
loss in weight advantages in various
adults with T2-DM, favoring real-
world use.

For the latter, predictable mean
changes in body weight and HbAlc
between baseline and EOS were —1.2
%-points and —5.4 kg respectively,
with comparable outcomes in Swe-
den and Denmark. At EOS, 67.5% of
people attained HbAlc.

Chen xi et al.
2021 [69]

Exenatide

Subcutaneous

Incidence of Nausea, vomiting, and
diarrhoea. The occurrence of hypo-
glycemia was alike in the two
groups (27% for exenatide and 38%
for part 70/30).

In premixed human insulin-managed
people with T2-DM with insuffi-
cient glycemic control, replacing ex-
enatide two times a day plus glargine
was better as part 70/30 two times a
day for glycemic and control of
weight.

(Table 2). Contd...
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GLP-1 Category

Route of

Study Drug/dose/Duration of L. . Adverse Effects Remarks/Conclusion
. Administration
Action
Unceasing and significant glycemic con-
trol and loss of weight
Gastrointestinal side effects Duration of diabetes and basal insulin
Dalmazi et Exenatide 2mg Subcutaneous and site reactions %lt inject'ion treatment, though, might in‘ﬂu?ncé the re-
al. 2020 [70] followed by allergic reactions sult of EOW management, indicating that
and headache. the initial beginning of EOW can enhance
glycemic control and lessen the risk of dis-
continuation of management.
Management with exenatide QW for about
7 years was concerned with unceasing pro-
Gastrointestinal disorders, gress in glycemic control and various fac-
tors of cardiovascular risk.
Tsimikas et Exenatide Once NausAea,-occurr-ence- of myf)- . o ) )
al. 2019 [71] weekly2mg - cardial infarction, ischemic Efficient perfection in various cardiovas-
stroke, and congestive heart cular risk factors, namely diastolic blood
failure pressure, the weight of the body, low
and high-density lipoprotein cholesterol,
and total cholesterol concentration.
In comparison to placebo, it reduced early
ad libitum energy intake but did not mod-
ify 24 h-EE.
Basolo et al. Exenatide twice daily These results depict that although it de-
Subcutaneous Nausea ” .

2018 [72] 10png creases intake of food, it can be more use-
ful in diminishing overeating and thus can
aid to more weight regain of weight fol-
lowing weight loss initially.

It enhanced glycemic results once weekly
and was well accepted in people with T2-
Constipation, Diarrhea, Dys- DM for up to 156 weeks.
Trautmannet . .
. 2017 [73] Exenatide Once Weekly Subcutaneous pepsia, Gastroesophageal re- It was administered once weekly in a
al. ..
flux Nausea, and Vomiting group of N=329, fasting glucose levels, a
decline from baseline in , HbAlc and body
weight were sustained.
. It administered once weekly exhibits a di-
Nausea or vomiting through . :
rect influence on systolic BP and glyce-
the course of t'he study, mic effects during the first 2 to 4 weeks of
. though people with at least 1
Trautmannet Exenatide 2mg once .. . management.
- nausea/vomiting episode de- o )
al. 2016 [74] weekly . . . It once weekly exhibited effective progress
picted higher loss of weight at . : .
week 24 than those who did in HbA,., weight, FG, and systolic BP at
not weeks of 2 and 4, with incessant advance-
ment through week 24.
GI side effects, 03 people Patients starting with Dulaglutide were
died due to cardiovascular older, exhibited a greater extent of diabetes
Tofe et al. Dulaglutide subcutane- reasons during follow-up and greater baseline FPG and HbA ¢, and
2021 [37] ous Semaglutide (two were on Dulaglutide and were given more sulfonylurea and insulin
one on Semaglutide subcuta- and lesser SGLT-2 inhibitors vs. people
neously) taking Semaglutide subcutaneously.
A Few months later incorporating dulag-
lutide into the regimen the patient, HbAlc
Kazim et al. reduced to 6.3% despite an effective de-
Dulaglutids Subcut -
2019 [75] waglitide ubeutancous cline in the dosage of insulin daily to 20

units that was associated with a 20-pound
loss of body weight.
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6. FUTURE DIRECTIONS

A glucose-dependent insulinotropic polypeptide (GIP)
and GLP-1 are the hormones of incretin which are released
by enteroendocrine cells present in the small intestine in the
presence of nutrients. These hormones mediate the control of
glucose by enhancing the glucose-dependent release of insu-
lin while inhibiting glucagon secretion. Type 2 DM patients
showed an altered insulin effect to GIP and GLP-1 which per-
forms a function in hyperglycemia. The degradation of GLP-
1 and GIP is blocked by Dipeptidyl peptidase-4 inhibitors
(DPP-4) to elevate levels of these active hormones. Inhibitors
of DPP-4 have shown moderate control of glycemia in clini-
cal trials. These are usually well-accepted, neutral weight,
and do not potentiate the chances of hypoglycemia. To resist
the action of DPP-4, GLP-1 RA was discovered, these are the
peptide analogues of either human GLP-1 or exendin-4 and
hence, have an extended half-life [17]. The most preferred
treatment measure for T2-DM patients and inadequate gly-
caemic control were GLP-1 RAs. This review procures a
common clinical analysis of resemblance and dissimilarities
in the mechanism of the response of weekly administered a
GLP-1 RA category of drugs, focussing on the understanding
of pharmacy professionals to manage optimal medicine, edu-
cation, and responsibility for diabetic patients [47, 48].

According to various reports, GLP-1 RAs have proved a
defining safety and potency profile. GLP-1RAs are known to
reduce blood glucose levels, which occur by pancreatic -cell
elicited glucose-reliant insulin release and inhibited release
of glucagon, and their tendency to lower gastric emptying rate
and induce satiety [27, 49]. GLP-1 RAs tend to have potential
consequences on various organ systems where receptors of
GLP-1 are located, namely renal and cardiovascular systems.
Variations in individuals among GLP-1 RAs concerning their
extent of action, structure, and molecular size contribute to
different pharmacodynamics and various clinical responses
including the extent of glycaemic control, loss in weight ten-
dency, cardiovascular outcomes, and reliabilities profiles
[27].

Thus, various data reported that GLP-1 RAs work as a
potential treatment tool for T2DM patients reported to attain
diverse clinical advantages. The outcome implies that when
choosing or recommending therapies, pharmacy profession-
als should be aware of how these various GLP-1 RAs given
once weekly act on the body and their mechanism of action
alter clinical results to assure optimal treatment for individu-
als [50]. Based on clinical evidence, professional societies
recommend GLP-1 RAs for diabetes treatment and manage-
ment despite their high cost, which can be out of pocket for
many patients [S1]. However, another study indicates the
cost-effectiveness of GLP-1 RAs against insulin therapy for
hospitalized and all-cause mortality cases [52-54]. Along
with the cost, associated side effects are also a major limita-
tion for clinical implications. It contributes to the reduction
in hemoglobin and weight loss. Gastrointestinal symptoms
are the common adverse effects of GLP1-RAs. However,
GLP1-RAs are preferred in the case of patients with high car-
diovascular risk and where weight reduction is the main prec-
edence [55-57].
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CONCLUSION

A detailed review regarding the role, release, and regula-
tion of GLP-1 in patients of T2-DM and how it affects the
secretion of insulin from B-cells in the pancreas has been de-
scribed. In this review, a scientific update on GLP-1RAs, a
category of incretin-based, antidiabetic injectable therapy
that enhances fasting and postprandial glucose level control
in blood via glucose-reliant cells hormone release in the pan-
creas with no remarkable risk of hypoglycemia is provided.
Clinical data from over a decade imply that this deficiency
could be treated by using GLP-1RAs as a tool in T2-DM.
Clinical trial studies using GLP-1RAs subcutaneously impli-
cate that such drugs possess glycated haemoglobin (HbAlc)
reducing tendency, a congenitally less possibility for hypo-
glycemia, and decreased weight of the body. GLP-1RAs have
been found safe when undergoing cardiovascular trials and
three of them were reported to decrease the threat of chief
adverse cardiovascular episodes in cases with confirmed car-
diovascular disorder or at major cardiovascular threat. The
frequent harmful responses susceptible to GLP-1RAs are
GlIT-associated adverse effects, that occur at an initial stage
and diminish over time. Several studies reported that with
major patients opting for oral medicines, the formulation of
GLP-1RA orally is a beneficial strategy for improving the
prophylaxis of people with T2-DM. In addition, chronic us-
age of GLP-1RAs favors weight loss in the body through the
acceleration of GLP-1 receptors situated in satiety centers in
the hypothalamus which control appetite, leading to a de-
crease in the intake of calories.

AUTHORS' CONTRIBUTIONS

The authors confirm contribution to the paper as follows:
study conception and design: Study Concept or Design: V.M;
P.B, M.P, A.A; Data Analysis or Interpretation: D.K, M.D,
T.K, N.J; Data Collection: K.R, A, Draft mauscript: S, K.R.
All authors reviewed the results and approved the final ver-
sion of the manuscript.

LIST OF ABBREVIATIONS

T2-DM = Type 2 Diabetes Mellitus
BMI = Body Mass Index

SC = Subcutaneous

HBAIlc =  HemoglobinA1C

FPG =  Fasting Plasma Glucose
oW = Once Weekly

BAT = Brown Adipose Tissue

SGLT = 2 Sodium-glucose Cotransporter-2

CONSENT FOR PUBLICATION
Not applicable.

FUNDING

None.



54 Current Drug Therapy, 2025, Vol. 20, No. 1

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

(101

[11]

[12]

[13]

[14]

[15]

(16]

Ferrari F, Scheffel RS, Martins VM, Santos RD, Stein R. Glucagon-
like peptide-1 receptor agonists in type 2 diabetes mellitus and car-
diovascular disease: The past, present, and future. Am J Cardiovasc
Drugs 2022; 22(4): 363-83.
http://dx.doi.org/10.1007/540256-021-00515-4 PMID: 34958423
Miiller TD, Finan B, Bloom SR, et al. Glucagon-like peptide 1
(GLP-1). Mol Metab 2019; 30: 72-130.
http://dx.doi.org/10.1016/j.molmet.2019.09.010 PMID: 31767182
Pinelli NR, Hurren KM. Efficacy and Safety of Long-Acting Gluca-
gon-Like Peptide-1 Receptor Agonists Compared with Exenatide
Twice Daily and Sitagliptin in Type 2 Diabetes Mellitus A System-
atic Review and Meta-Analysis 2011; 850-60.
http://dx.doi.org/10.1345/aph.1Q024

Cowart K. Oral semaglutide: First-in-class oral glp-1 receptor ago-
nist for the treatment of type 2 diabetes mellitus 2019; 478-85.
http://dx.doi.org/10.1177/1060028019889064

Alkhezi OS, Alahmed AA, Alfayez OM, Alzuman OA, Almutairi
AR, Almohammed OA. Comparative effectiveness of glucagon-like
peptide-1 receptor agonists for the management of obesity in adults
without diabetes: A network meta-analysis of randomized clinical
trials. Obes Rev 2023; 24(3): e13543.
http://dx.doi.org/10.1111/0br.13543 PMID: 36579723

Skinner TC, Joensen L, Parkin T. Twenty-five years of diabetes dis-
tress research. Diabet Med 2020; 37(3): 393-400.
http://dx.doi.org/10.1111/dme.14157 PMID: 31638279

Berlie HD, Kale-Pradhan PB, Orzechowski T, Jaber LA. Mecha-
nisms and potential roles of glucose-lowering agents in COVID-19:
A review. Ann Pharmacother 2021; 55(11): 1386-96.
http://dx.doi.org/10.1177/1060028021999473 PMID: 33657863
Natarajan J, Mokoboto-Zwane S. Health-related quality of life and
domain-specific associated factors among patients with type 2 dia-
betes mellitus in South India. Rev Diabet Stud 2022; 18(1): 34-41.
http://dx.doi.org/10.1900/RDS.2022.18.34 PMID: 35300755
Hurren KM, Pinelli NR. Drug-drug interactions with glucagon-like
peptide-1 receptor agonists 2012; 710-7.
http://dx.doi.org/10.1345/aph.1Q583

Sonia TA, Sharma CP. Oral delivery of insulin, 1st edition. United
Kingdom: Woodhead Publishing 2014.

Ussar S, Vienberg SG, Kahn CR. Receptor antibodies as novel ther-
apeutics for diabetes. Sci Transl Med 2011; 3(113): 113ps47.
http://dx.doi.org/10.1126/scitranslmed.3003447 PMID: 22174312
Doumas M, Imprialos K, Stavropoulos K, Reklou A, Sachinidis A,
Athyros VG. Combination of SGLT-2 inhibitors and GLP-1 recep-
tor agonists: Potential benefits in surrogate and hard endpoints. Curr
Pharm Des 2018; 24(17): 1879-86.
http://dx.doi.org/10.2174/1381612824666180604113653
29865997

Scheen AJ. Effects of glucose-lowering agents on surrogate end-
points and hard clinical renal outcomes in patients with type 2 dia-
betes. Diabetes Metab 2019; 45(2): 110-21.
http://dx.doi.org/10.1016/j.diabet.2018.10.003 PMID: 30477733
Nauck MA, Quast DR, Wefers J, Meier JJ. GLP-1 receptor agonists
in the treatment of type 2 diabetes — state-of-the-art. Mol Metab
2021; 46: 101102.

http://dx.doi.org/10.1016/j.molmet.2020.101102 PMID: 33068776
Willard FS, Douros JD, Gabe MBN, et al. Tirzepatide is an imbal-
anced and biased dual GIP and GLP-1 receptor agonist. JCI Insight
2020; 5(17): e140532.

http://dx.doi.org/10.1172/jci.insight.140532 PMID: 32730231
Meloni AR, DeYoung MB, Lowe C, Parkes DG. GLP -1 receptor
activated insulin secretion from pancreatic B-cells: Mechanism and
glucose dependence. Diabetes Obes Metab 2013; 15(1): 15-27.

PMID:

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

(27]

(28]

[29]

(30]

(311

[32]

[33]

Sashi et al.

http://dx.doi.org/10.1111/j.1463-1326.2012.01663.x PMID:
22776039

Gilbert MP, Pratley RE. GLP-1 analogs and DPP-4 inhibitors in type
2 diabetes therapy: Review of head-to-head clinical trials. Front En-
docrinol 2020; 11: 178.
http://dx.doi.org/10.3389/fendo.2020.00178 PMID: 32308645
Stark JE, Cole JL, Ghazarian RN, Klass MJ. Impact of glucagon-
like peptide-1 receptor agonists (GLP-1RA) on food content during
esophagogastroduodenoscopy (EGD) Ann Pharmacother 2021;
56(8): 922-6.

http://dx.doi.org/10.1177/10600280211055804

Deacon CF, Mannucci E, Ahrén B. Glycaemic efficacy of glucagon-
like peptide-1 receptor agonists and dipeptidyl peptidase-4 inhibi-
tors as add-on therapy to metformin in subjects with type 2 diabe-
tes—a review and meta analysis. Diabetes Obes Metab 2012; 14(8):
762-7.
http://dx.doi.org/10.1111/j.1463-1326.2012.01603.x
22471248

Carr ALJ, Perry DJ, Lynam AL, et al. Histological validation of a
type 1 diabetes clinical diagnostic model for classification of diabe-
tes. Diabet Med 2020; 37(12): 2160-8.
http://dx.doi.org/10.1111/dme.14361 PMID: 32634859

Model JFA, Rocha DS, Fagundes AC, Vinagre AS. Physiological
and pharmacological actions of glucagon like peptide-1 (GLP-1) in
domestic animals. Vet Anim Sci 2022; 16: 100245.
http://dx.doi.org/10.1016/j.vas.2022.100245 PMID: 35372707
Drucker DJ. Mechanisms of action and therapeutic application of
glucagon-like peptide-1. Cell Metab 2018; 27(4): 740-56.
http://dx.doi.org/10.1016/j.cmet.2018.03.001 PMID: 29617641
Zhao F, Zhou Q, Cong Z, et al. Structural insights into multiplexed
pharmacological actions of tirzepatide and peptide 20 at the GIP,
GLP-1 or glucagon receptors. Nat Commun 2022; 13(1): 1057.
http://dx.doi.org/10.1038/s41467-022-28683-0 PMID: 35217653
Drucker DJ. GLP-1 physiology informs the pharmacotherapy of
obesity. Mol Metab 2022; 57: 101351.
http://dx.doi.org/10.1016/j.molmet.2021.101351 PMID: 34626851
DeFronzo RA. Combination therapy with GLP -1 receptor agonist
and SGLT2 inhibitor. Diabetes Obes Metab 2017; 19(10): 1353-62.
http://dx.doi.org/10.1111/dom.12982 PMID: 28432726

Shomali ME, @rsted DD, Cannon AJ. Efficacy and safety of lirag-
lutide, a once-daily human glucagon-like peptide-1 receptor agonist,
in African-American people with Type 2 diabetes: A meta-analysis
of sub-population data from seven phase III trials. Diabet Med 2017;
34(2): 197-203.

http://dx.doi.org/10.1111/dme.13185 PMID: 27412701

Cornell S. A review of GLP-1 receptor agonists in type 2 diabetes:
A focus on the mechanism of action of once-weekly agents. J Clin
Pharm Ther 2020; 45(S1)(Suppl. 1): 17-27.
http://dx.doi.org/10.1111/jept.13230 PMID: 32910490

Shaefer CF Jr, Kushner P, Aguilar R. User’s guide to mechanism of
action and clinical use of GLP-1 receptor agonists. Postgrad Med
2015; 127(8): 818-26.
http://dx.doi.org/10.1080/00325481.2015.1090295
26371721

Doyle M, Egan J. Mechanisms of action of GLP-1 in the pancreas.
Pharmacol Ther 2007; 113(3): 546-93.

Carlessi R, Chen Y, Rowlands J, et al. GLP-1 receptor signalling
promotes B-cell glucose metabolism via mTOR-dependent HIF-1a
activation. Sci Rep 2017; 7(1): 2661.
http://dx.doi.org/10.1038/541598-017-02838-2 PMID: 28572610
Trautmann ME, Vora J. Use of glucagon-like peptide-1 receptor ag-
onists among individuals on basal insulin requiring treatment inten-
sification. Diabet Med 2018; 35(6): 694-706.
http://dx.doi.org/10.1111/dme.13610 PMID: 29478255

Burgmaier M, Heinrich C, Marx N. Cardiovascular effects of GLP-
1 and GLP-1-based therapies: Implications for the cardiovascular
continuum in diabetes? Diabet Med 2013; 30(3): 289-99.
http://dx.doi.org/10.1111/j.1464-5491.2012.03746.x
22804451

Stephen A. B., Wysham CH. GLP-1 receptor agonists in the treat-
ment of type 2 diabetes: Role and clinical experience to date. Post-
grad Med 2020; 132(sup2): 3-14.
http://dx.doi.org/10.1080/00325481.2020.1798099
32815454

PMID:

PMID:

PMID:

PMID:



Clinical Analysis of Resemblance and Dissimilarities of Glucagon

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

Alatorre C, Fernandez Landd L, Yu M, ef al. Treatment patterns in
patients with type 2 diabetes mellitus treated with glucagon-like
peptide-1 receptor agonists: H igher adherence and persistence with
dulaglutide compared with once-weekly exenatide and liraglutide.
Diabetes Obes Metab 2017; 19(7): 953-61.
http://dx.doi.org/10.1111/dom.12902 PMID: 28181725

Overgaard RV, Lindberg S@, Thielke D. Impact on HbAlc and
body weight of switching from other GLP-1 receptor agonists to
semaglutide: A model-based approach. Diabetes Obes Metab 2019;
21(1): 43-51.

http://dx.doi.org/10.1111/dom.13479 PMID: 30047216

Roth CL, Perez FA, Whitlock KB, et al. A phase 3 randomized clin-
ical trial using a o nce-weekly glucagon-like peptide-1 receptor ag-
onist in adolescents and young adults with hypothalamic obesity.
Diabetes Obes Metab 2021; 23(2): 363-73.
http://dx.doi.org/10.1111/dom.14224 PMID: 33026160

Tofé S, Argiielles I, Mena E, et al. Real-world GLP-1 RA therapy
in type 2 diabetes: A long-term effectiveness observational study.
Endocrinol Diabetes Metab 2019; 2(1): e00051.
http://dx.doi.org/10.1002/edm2.51 PMID: 30815578

Razavi M, Wei YY, Rao XQ, Zhong JX. DPP-4 inhibitors and GLP-
1RAs: Cardiovascular safety and benefits. Mil Med Res 2022; 9(1):
45.

http://dx.doi.org/10.1186/s40779-022-00410-2 PMID: 35986429
Xue X, Ren Z, Zhang A, Yang Q, Zhang W, Liu F. Efficacy and
safety of once-weekly glucagon-like peptide-1 receptor agonists
compared with exenatide and liraglutide in type 2 diabetes: A sys-
temic review of randomised controlled trials. Int J Clin Pract 2016;
70(8): 649-56.

http://dx.doi.org/10.1111/ijcp.12847 PMID: 27456750

Patel D. Glycaemic and non-glycaemic efficacy of once-weekly
GLP-1 receptor agonists in people with type 2 diabetes. J Clin
Pharm Ther 2020; 45(S1)(Suppl. 1): 28-42.
http://dx.doi.org/10.1111/jept.13224 PMID: 32910489

Potts JE, Gray LJ, Brady EM, Khunti K, Davies MJ, Bodicoat DH.
The effect of glucagon-like peptide 1 receptor agonists on weight
loss in type 2 diabetes: A systematic review and mixed treatment
comparison meta-analysis. PLoS One 2015; 10(6): €0126769.
http://dx.doi.org/10.1371/journal.pone.0126769 PMID: 26121478
Wu Q, Li D, Huang C, ef al. Glucose control independent mecha-
nisms involved in the cardiovascular benefits of glucagon-like pep-
tide-1 receptor agonists. Biomed Pharmacother 2022; 153: 113517.
http://dx.doi.org/10.1016/j.biopha.2022.113517 PMID: 36076602
Mirabelli M, Chiefari E, Tocci V, et al. Clinical effectiveness and
safety of once-weekly GLP-1 receptor agonist dulaglutide as add-on
to metformin or metformin plus insulin secretagogues in obesity and
type 2 diabetes. J Clin Med 2021; 10(5): 985.
http://dx.doi.org/10.3390/jcm10050985 PMID: 33801192

O’Neil PM, Birkenfeld AL, McGowan B, et al. Efficacy and safety
of semaglutide compared with liraglutide and placebo for weight
loss in patients with obesity: A randomised, double-blind, placebo
and active controlled, dose-ranging, phase 2 trial. Lancet 2018;
392(10148): 637-49.
http://dx.doi.org/10.1016/S0140-6736(18)31773-2
30122305

Ishigaki Y, Strizek A, Aranishi T, ef al. Glucagon-like peptide-1 re-
ceptor agonist utilization in type 2 diabetes in Japan: A retrospective
database analysis (JDDM 57). Diabetes Ther 2021; 12(1): 345-61.
http://dx.doi.org/10.1007/s13300-020-00977-w PMID: 33300091
Zimner Rapuch S, Divino V, Norrbacka K, ef al. Treatment patterns
and persistence with GLP-1 RA treatments among patients with type
2 diabetes in france: A retrospective cohort analysis. Diabetes Ther
2021; 12(5): 1553-67.
http://dx.doi.org/10.1007/513300-021-01055-5 PMID: 33864629
Bailey CJ, Flatt PR, Conlon JM. An update on peptide-based thera-
pies for type 2 diabetes and obesity. Peptides 2023; 161: 170939.
http://dx.doi.org/10.1016/j.peptides.2023.170939 PMID: 36608818
Hanefeld M, Schaper F. Medical prevention of type 2 diabetes - If
lifestyle intervention is not enough. Klinikarzt 2008; 37.

Rentzeperi E, Pegiou S, Koufakis T, Grammatiki M, Kotsa K. Sex
differences in response to treatment with glucagon-like peptide 1 re-
ceptor agonists: Opportunities for a tailored approach to diabetes
and obesity care. J Pers Med 2022; 12(3): 454.
http://dx.doi.org/10.3390/jpm12030454 PMID: 35330453

PMID:

[50]

(51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[e1]

[62]

[63]

[64]

[65]

[66]

Current Drug Therapy, 2025, Vol. 20, No. 1 55

Salmen T, Bobirca FT, Bica IC, Mihai DA, Pop C, Stoian AP. The
safety profile of sodium-glucose cotransporter-2 inhibitors and glu-
cagon-like peptide 1 receptor agonists in the standard of care treat-
ment of type 2 diabetes mellitus. Life 2023; 13(3): 839.
http://dx.doi.org/10.3390/1ife13030839 PMID: 36983994

Luo J, Feldman R, Callaway Kim K, et al. Evaluation of out-of-
pocket costs and treatment intensification with an SGLT2 inhibitor
or GLP-1 RA in patients with type 2 diabetes and cardiovascular
disease. JAMA Netw Open 2023; 6(6): €2317886.
http://dx.doi.org/10.1001/jamanetworkopen.2023.17886
37307000

Yang CY, Chen YR, Ou HT, Kuo S. Cost-effectiveness of GLP-1
receptor agonists versus insulin for the treatment of type 2 diabetes:
A real-world study and systematic review. Cardiovasc Diabetol
2021;20(1): 21.

http://dx.doi.org/10.1186/512933-020-01211-4 PMID: 33468131
Wilke T, Mueller S, Fuchs A, Kaltoft MS, Kipper S, Cel M. Diabe-
tes-related effectiveness and cost of liraglutide or insulin in german
patients with type 2 diabetes: A 5-year retrospective claims analysis.
Diabetes Ther 2020; 11(10): 2357-70.
http://dx.doi.org/10.1007/s13300-020-00903-0 PMID: 32876862
Sikirica M, Martin A, Wood R, Leith A, Piercy J, Higgins V. Rea-
sons for discontinuation of GLP1 receptor agonists: Data from a
real-world cross-sectional survey of physicians and their patients
with type 2 diabetes. Diabetes Metab Syndr Obes 2017; 10: 403-12.
http://dx.doi.org/10.2147/DMSO0.S141235 PMID: 29033597
Trujillo JM, Nuffer W, Smith BA. GLP-1 receptor agonists: An up-
dated review of head-to-head clinical studies. Ther Adv Endocrinol
Metab 2021; 12

http://dx.doi.org/10.1177/2042018821997320 PMID: 33767808
Ng E, Shaw JE, Wood A, Maple-Brown LJ, Hare MJL. Glucagon-
like peptide-1 receptor agonist (GLP1-RA) therapy in type 2 diabe-
tes. Aust J Gen Pract 2022; 51(7): 513-8.
http://dx.doi.org/10.31128/AJGP-07-21-6057 PMID: 35773162
Dubourg J, Fouqueray P, Quinslot D, Grouin JM, Kaku K. Long-
term safety and efficacy of imeglimin as monotherapy or in combi-
nation with existing antidiabetic agents in Japanese patients with
type 2 diabetes ( TIMES 2): A 52-week, open-label, multicentre
phase 3 trial. Diabetes Obes Metab 2022; 24(4): 609-19.
http://dx.doi.org/10.1111/dom. 14613 PMID: 34866306

Tran KL, Park YT, Pandya S, et al. Overview of glucagon-like pep-
tide-1 receptor agonists for the treatment of patients with type 2 di-
abetes Am Heal Drug Benefits 2017; 10: 178.

Davies MJ, Bergenstal R, Bode B, et al. Efficacy of liraglutide for
weight loss among patients with type 2 diabetes. JAMA 2015;
314(7): 687-99.

http://dx.doi.org/10.1001/jama.2015.9676 PMID: 26284720
Trujillo JM, Nuffer W. Albiglutide. Ann Pharmacother 2014;
48(11): 1494-501.

http://dx.doi.org/10.1177/1060028014545807 PMID: 25136065
Thompson AM, Trujillo JM. Dulaglutide. Ann Pharmacother 2015;
49(3): 351-9.

http://dx.doi.org/10.1177/1060028014564180 PMID: 25565404
Anderson SL, Trujillo JM. Lixisenatide in type 2 diabetes: Latest
evidence and clinical usefulness. Ther Adv Chronic Dis 2016; 7(1):
4-117.

http://dx.doi.org/10.1177/2040622315609312 PMID: 26770666
Linnebjerg H, Park S, Kothare PA, et al. Effect of exenatide on gas-
tric emptying and relationship to postprandial glycemia in type 2 di-
abetes. Regul Pept 2008; 151(1-3): 123-9.
http://dx.doi.org/10.1016/j.regpep.2008.07.003 PMID: 18675854
Buse JB, Henry RR, Han J, Kim DD, Fineman MS, Baron AD. Ef-
fects of exenatide (exendin-4) on glycemic control over 30 weeks in
sulfonylurea-treated patients with type 2 diabetes. Diabetes Care
2004; 27(11): 2628-35.
http://dx.doi.org/10.2337/diacare.27.11.2628 PMID: 15504997
Kim D, MacConell L, Zhuang D, et al. Effects of once-weekly dos-
ing of a long-acting release formulation of exenatide on glucose con-
trol and body weight in subjects with type 2 diabetes. Diabetes Care
2007; 30(6): 1487-93.

http://dx.doi.org/10.2337/dc06-2375 PMID: 17353504

Yousef CC, Thomas A, Matar MA, et al. Liraglutide effects on gly-
cemic control and weight in patients with type 2 diabetes Mellitus:

PMID:



56 Current Drug Therapy, 2025, Vol. 20, No. 1

[67]

[68]

[69]

[70]

(711

A real-world, observational study and brief narrative review. Diabe-
tes Res Clin Pract 2021; 177: 108871.
http://dx.doi.org/10.1016/j.diabres.2021.108871 PMID: 34052248
Janssen LGM, Nahon KJ, Bracké KFM, et al. Twelve weeks of ex-
enatide treatment increases ['*F]fluorodeoxyglucose uptake by
brown adipose tissue without affecting oxidative resting energy ex-
penditure in nondiabetic males. Metabolism 2020; 106: 154167.
http://dx.doi.org/10.1016/j.metabol.2020.154167 PMID: 31982480
Rajamand Ekberg N, Bodholdt U, Catarig AM, et al. Real-world use
of once-weekly semaglutide in patients with type 2 diabetes: Results
from the SURE Denmark/Sweden multicentre, prospective, obser-
vational study. Prim Care Diabetes 2021; 15(5): 871-8.
http://dx.doi.org/10.1016/j.pcd.2021.06.008 PMID: 34183269
Chen X, Xu Y, Zhang J, et al. Exenatide twice daily plus glargine
versus aspart 70/30 twice daily in patients with type 2 diabetes with
inadequate glycemic control on premixed human insulin and met-
formin. Endocr Pract 2021; 27(8): 790-7.
http://dx.doi.org/10.1016/j.eprac.2021.03.015 PMID: 33831552

Di Dalmazi G, Coluzzi S, Baldassarre MPA, et al. Exenatide once
weekly: Effectiveness, tolerability, and discontinuation predictors in
a real-world setting. Clin Ther 2020; 42(9): 1738-1749.¢l.
http://dx.doi.org/10.1016/j.clinthera.2020.07.002 PMID: 32753164
Philis-Tsimikas A, Wysham CH, Hardy E, Han J, Iqbal N. Efficacy
and tolerability of exenatide once weekly over 7 years in patients

(721

[73]

[74]

[75]

Sashi et al.

with type 2 diabetes: An open-label extension of the DURATION-1
study. J Diabetes Complications 2019; 33(3): 223-30.
http://dx.doi.org/10.1016/j.jdiacomp.2018.11.012 PMID: 30600137
Basolo A, Burkholder J, Osgood K, et al. Exenatide has a pro-
nounced effect on energy intake but not energy expenditure in non-
diabetic subjects with obesity: A randomized, double-blind, pla-
cebo-controlled trial. Metabolism 2018; 85: 116-25.
http://dx.doi.org/10.1016/j.metabol.2018.03.017 PMID: 29596853
Trautmann ME, Van Gaal L, Han J, Hardy E. Three-year efficacy
and safety of exenatide once weekly: A pooled analysis of three tri-
als. J Diabetes Complications 2017; 31(9): 1415-22.
http://dx.doi.org/10.1016/j.jdiacomp.2017.06.004 PMID: 28669463
Trautmann ME, Han J, Ruggles J. Early pharmacodynamic effects
of exenatide once weekly in type 2 diabetes are independent of
weight loss: A pooled analysis of patient-level data. Clin Ther 2016;
38(6): 1464-73.

http://dx.doi.org/10.1016/j.clinthera.2016.03.039 PMID: 27126504
Kazim M, Trivedi N. Addition of dulaglutide for a high-dose insulin
requiring patient with type 2 diabetes mellitus: A remarkable re-
sponse. AACE Clin Case Rep 2019; 5(2): e142-5.
http://dx.doi.org/10.4158/ACCR-2018-0192 PMID: 31967020



	Clinical Analysis of Resemblance and Dissimilarities of Glucagon-likePeptide-1 Receptor Agonists: Therapeutic Approach Towards theManagement of Diabetes Mellitus
	Abstract:
	1. INTRODUCTION
	Fig. (1).
	2. MATERIALS AND METHODS
	3. PHARMACOLOGICAL ACTIONS OF GLP-1
	4. GLP-1 MECHANISM OF ACTION
	Table 1.
	Fig. (2).
	5. GLP-1 RA AND TYPE 2 DM - CLINICAL ANALYSIS
	Table 2.
	6. FUTURE DIRECTIONS
	CONCLUSION
	FUNDING
	CONFLICT OF INTEREST
	REFERENCES



