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Introduction
Glucagon-like peptide-1 (GLP-1) receptor ago-
nists (GLP-1RA), a category of medications fre-
quently used to treat type 2 diabetes (T2D), 
comprise drugs such as exenatide, liraglutide, and 
semaglutide.1–4 These medications mimic the 
function of the naturally occurring hormone 

GLP-1, predominantly released by intestinal 
L-cells upon food consumption.5,6 GLP-1RA and 
dipeptidyl peptidase-4 (DPP-4) inhibitors 
(DPP-4i) regulate blood sugar levels by focusing 
on the incretin system. A gastrointestinal (GI) 
hormone, GLP-1, and a gastric inhibitory pep-
tide, GIP, are secreted in response to food 
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consumption; they may alter the pharmacological 
doses of GLP-1, thus lowering inactivated DPP-4 
kinetics. These promote pancreatic-cell develop-
ment and differentiation, decrease islet-cell activ-
ity, and increase insulin production. Human 
GLP-1 is broken down in circulation by DPP-4 in 
approximately 2–3 min. DPP-4 inhibition aug-
ments the levels of GLP-1 and GIP, reduces 
blood sugar levels, and boosts insulin produc-
tion.7 Besides their well-established impact on 
glucose balance, new evidence indicates that 
GLP-1RA may have anti-inflammatory proper-
ties beyond glycemic regulation.

Numerous GLP-1RAs have been constructed and 
sanctioned for therapeutic applications (Table 1). 
Among these, exenatide (Byetta) was initially 
authorized by the U.S. Food and Drug 
Administration (FDA) in 2005.8 Scientists have 
chemically reproduced the hormone exendin-4 
that is secreted by Gila monster lizards.9 Exenatide 
is applied subcutaneously and initially necessitates 
twice-daily injections. However, an extended-
release composition named Bydureon was subse-
quently created, facilitating once-weekly dosing. 
Exenatide has prominently enhanced glycemic 
regulation, weight reduction, and cardiovascular 
risk factors in therapeutic trials.5,10 Lixisenatide 
(Adlyxin) is a GLP-1RA derived from exendin-4. 
It attained FDA approval in 2016 for the manage-
ment of T2D. It is administered via a daily injec-
tion. It has effectively reduced HbA1c levels and 
optimized postprandial glucose regulation. In 

clinical trials, Lixisenatide has also exhibited car-
diovascular safety.11 Liraglutide (Victoza) is a 
potent GLP-1RA that secured FDA approval in 
2010. It is administered daily through subcutane-
ous injection. Liraglutide has been proven to ame-
liorate glycemic management, facilitate weight 
reduction, and lessen cardiovascular risk in indi-
viduals with T2D. Increased dosages of liraglutide 
(3 mg) have also been sanctioned for obesity treat-
ment under Saxenda.12 Semaglutide (Ozempic) 
modifies the natural glucagon-like peptide-1 mol-
ecule. For the treatment of T2D, the FDA gave 
their approval in 2017. Semaglutide is adminis-
tered weekly through subcutaneous injection. It 
has displayed superior effectiveness in reducing 
HbA1c levels and facilitating weight reduction 
compared to other GLP-1RAs. Semaglutide has 
also demonstrated cardiovascular benefits in clini-
cal trials.13 GLP-1RAs have notably broadened 
the therapeutic possibilities for T2D patients by 
offering efficient glycemic regulation, weight 
reduction, and possible cardiovascular advan-
tages. Evidence from a wide range of research 
shows that GLP1-RA therapy may also help with 
weight loss, fatty liver, and cardiovascular 
issues.14–16 Tirzepatide (LY3298176), a medica-
tion that merges GIP and GLP1-RA, is utilized to 
treat T2D. It has been observed that patients 
undergoing therapy with Tirzepatide often meet 
their weight objectives more frequently when 
compared to those who are either on placebos or 
dulaglutide. Alterations have also been noted 
regarding waist measurements.17,18 Despite some 

Table 1. List of clinically approved GLP-1RA and their dosing frequency.

GLP-1RA name Brand Approved date by FDA Dosing frequency Time to peak

Exenatide Byetta April 2005 5–10 mcg, twice-daily or 
once-daily

2.1 h

Bydureon January 2012  

Lixisenatide Lixumia July 2016 10 mcg for 2 weeks, a 
once-daily injection

1.3–5 h

Liraglutide Victoza January 2010 0.6, 1.2, or 1.8 mg, dose 
can be increased to 3 mg, 
once-daily

8–12 h

Semaglutide Ozempic December 2017 0.25, 0.5, or 1 mg, dose 
can be increased to 
1.8 mg, once weekly

1–3 days

Rybelsus September 2019  

FDA, U.S. Food and Drug Administration.
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evidence of their benefit for adipocytes and lipids, 
their precise role in lipid balance needs further 
investigation.19 A research conducted by Xu and 
his team in the year 2016 revealed exendin-4’s 
ability to stimulate fatty acid combustion through 
a pathway signaling dependent on sirtuin-1 
(SIRT-1) present within 3T3L1 adipocytes. Their 
studies established that GLP-1 signaling enhances 
oxidant capacity, which successively escalates 
fatty acid oxidation within cultured adipocytes.20 
Our understanding suggests that drawing com-
parisons between different trials hints at a shared 
method of action. Yet, significant disparities con-
cerning pharmacokinetic attributes exist (for 
instance, one daily lixisenatide injection does not 
extend throughout an entire 24-h cycle). The 
optimization of dosages based on the outcomes of 
phase II dose-discovery studies is likely to apply to 
a weekly intake of 2 mg exenatide. Moreover, the 
rates at which drugs are discontinued also influ-
ence the extent of cardiovascular advantage attain-
able with specific compounds or preparations, as 
Caruso et  al. proposed.21 Since the year 2005, 
with exenatide’s initial authorization, there has 
been swift progression leading to enhancements in 
GLP1-RAs pharmacokinetics. This progress has 
facilitated a transition from daily injections to a 
more manageable once-weekly dosage regimen.5

Inflammation is vital in developing chronic dis-
eases [such as diabetes, cardiovascular disease, 
neurodegenerative disorders (ND)] and inflam-
matory bowel disease (IBD).22 It is now acknowl-
edged that inflammation exacerbates disease 
progression and symptoms in these conditions.23 
GLP-1RAs’ putative anti-inflammatory proper-
ties and therapeutic consequences have gained 
more attention. Although it is well established 
that GLP-1RA’s anti-inflammatory effects origi-
nate from their impact on immune cell signaling, 
additional in-depth investigation into the under-
lying molecular pathways is required.24 The anti-
inflammatory effects of GLP-1RAs are better 
understood when these molecular details are 
uncovered, which may lead to novel therapeutic 
options for inflammatory diseases. Several clinical 
and preclinical studies have shown the anti-inflam-
matory effect of GLP-1RAs.25 GLP-1RA achieves 
anti-inflammatory results through various meth-
ods.26 For example, in rheumatoid arthritis-
induced mouse, liraglutide administration lessened 
synovial inflammation and decreased pro-inflam-
matory cytokine production, resulting in better 
outcomes of joint damage.27 High-sensitivity 

C-reactive protein (hs-CRP), an indicator of sys-
temic inflammation, was significantly reduced in 
people with T2D and cardiovascular disease 
treated with semaglutide. These results indicate 
that GLP-1RA may be able to regulate inflamma-
tion in various disease conditions.28 Regulating 
immune signaling pathways prevents inflamma-
tory cytokines such as tumor necrosis factor-alpha 
(TNF-α) and interleukin-6 (IL-6) from produc-
ing and releasing.29 Second, GLP-1RAs encour-
age initiating anti-inflammatory mechanisms 
such as the AMP-activated protein kinase 
(AMPK) pathway, which helps suppress inflam-
mation.30,31 Furthermore, GLP-1RA has demon-
strated the ability to reduce the activation of 
nuclear factor-kappa B (NF-κB), a crucial inflam-
mation controller, leading to a decrease in the 
generation of inflammatory agents.32

Understanding the GLP-1RAs’ anti-inflamma-
tory properties is very beneficial in clinical prac-
tice. These substances could enhance glucose 
regulation by focusing on inflammation and offer 
additional advantages in addressing coexisting 
inflammatory disorders.33 Moreover, as chronic 
inflammation is associated with developing insu-
lin resistance, GLP-1RA’s anti-inflammatory 
capabilities may contribute to their overall glu-
cose-lowering benefits.34 GLP-1RAs exhibit anti-
inflammatory capabilities that go beyond their 
function in glucose management. The influence 
of GLP-1RAs on inflammatory pathways has 
consequences for various chronic inflammatory 
diseases, such as diabetes, heart disease, neurode-
generative diseases, and inflammatory bowel syn-
drome will be addressed in the current review. 
More study is needed to determine the full thera-
peutic potential of GLP-1RAs and understand 
the mechanisms behind their anti-inflammatory 
effects. Comprehensive, meticulously planned 
clinical trials that assess the outcomes of GLP-
1RA-induced anti-inflammatory properties in 
various patient groups are essential. These 
research efforts can prove the efficacy, safety, and 
real-world implications of GLP-1RAs as anti-
inflammatory agents, ultimately informing treat-
ment choices and improving patient care.

Mechanisms of action
GLP-1RAs have become notable for their ability 
to reduce glucose levels and their emerging func-
tion as anti-inflammatory agents. It is critical to 
understand their fundamental mechanisms of 
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action to establish the therapeutic potential of 
GLP-1RAs for various inflammatory conditions. 
Numerous essential mechanisms have been sug-
gested, emphasizing the complex nature of GLP-
1RA-mediated inflammation control.

Regulation of immune cell signals: GLP-1RAs are 
anti-inflammatory because they control the sig-
nals that immune cells send and receive. GLP-
1RAs may modulate inflammatory responses 
since GLP-1 receptors are present in immune 
cells such as macrophages, monocytes, and lym-
phocytes.24,35 Through their interactions with 
GLP-1RAs, immune cell signals are modulated 
inside the cell. Pro-inflammatory cytokines, 
including TNF-α, IL-6, and IL-1β, are sup-
pressed by GLP-1R in immune cells.33,36 
Furthermore, GLP-1RAs can boost the genera-
tion of anti-inflammatory cytokines such as IL-10, 
which helps to mitigate inflammation and restore 
immune balance.33 However, there is strong evi-
dence that central and peripheral immune 
responses undergo pathological alterations and 
develop with time.37

Regulation of nuclear factor-kappa B 
pathway
Inflammation is tightly regulated by the NF-κB 
pathway, which regulates the expression of several 
pro-inflammatory genes. GLP-1RA has been 
demonstrated to reduce the generation of inflam-
matory mediators by inhibiting NF-κB activation. 
Effectively suppressing the production of pro-
inflammatory cytokines, adhesion molecules, and 
chemokines, GLP-1RAs may attenuate the 
inflammatory response by decreasing NF-κB sign-
aling. In the adipose tissue of GLP-1-treated ob/
ob mice expressing recombinant adenovirus, for 
instance, GLP-1RA has been shown to decrease 
the production of TNF-α, IL-6, and IL-1β, all of 
which are significant mediators of inflammation.38 
The anti-inflammatory effects of GLP-1RA are 
facilitated by its ability to suppress pro-inflamma-
tory cytokine production. Studies on kidney tissue 
revealed that exendin-4 suppressed NF-kB activ-
ity.39 When administered to mice at 10 g/kg, 
exendin-4 effectively suppressed the binding activ-
ity of NF-Bp65 in individuals with T2D, and after 
48 weeks of therapy, activation of NF-κB was 
reduced.40 Human Umbilical Vein Endothelial 
Cells (HUVECs). There was a dose-response 
relationship between liraglutide and increased 

nitric oxide generation in. As a result of this factor, 
eNOS phosphorylation was also induced, and its 
activity was enhanced. Restoring NF-κB activity 
reversed cytokine-induced reductions in eNOS 
(NOS3) mRNA levels.41

Signaling via AMP-AMPK: The energy-sensing 
kinase AMPK has major effects on cellular 
metabolism and inflammation.42 Research has 
shown that GLP-1RA can trigger the AMPK 
pathway, resulting in anti-inflammatory out-
comes. By increasing the synthesis of anti-inflam-
matory components, activating AMPK suppresses 
the production of pro-inflammatory cytokines 
and chemokines. By regulating AMPK signaling, 
GLP-1RAs can efficiently mitigate inflammation 
and re-establish metabolic equilibrium within 
cells. GLP-1RAs can directly initiate signaling 
processes within liver cells. These cells when 
grown in vitro may respond to GLP-1RA by 
increasing AMPK phosphorylation.43

Prevention of reactive oxygen  
species formation
Excessive reactive oxygen species (ROS) may 
cause chronic inflammation and tissue damage.44 
GLP-1RAs decrease ROS generation, thus miti-
gating oxidative stress and inflammation. These 
agents protect cells from inflammatory harm by 
reducing oxidative stress and supporting tissue 
equilibrium.45 GLP-1RA could hinder the devel-
opment of asymmetric dimethylarginine through 
AGE-RAGE mediation by suppressing the expres-
sion of protein arginine methyltransferase-1 and 
inhibiting ROS production.46 By enhancing 
HDAC6 through the GLP-1R-ERK1/2 pathway, 
GLP-1 treatment may inhibit the aberrant 
autophagy and inflammation caused by ROS.47 
GLP-1RAs not only regulate cardiomyocyte activ-
ity, but also improve cardiac fibroblast perfor-
mance. For instance, they may mitigate cardiac 
fibroblast development and myocardial fibrosis by 
modulating the CD36-JNK-AP1 pathway, which 
reduces P4HA1 levels, blocking ROS production 
mediated by the Ang II type I receptor.48,49

Modulation of lipid metabolism pathway
Medications based on incretin can influence both 
the formation and breakdown of fat, or lipogene-
sis and lipolysis, respectively.50 Research has 
shown that GLP-1 and its related compounds 
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significantly affect these processes in rat fat cells. 
It is common for individuals afflicted with obesity 
to exhibit changes in the makeup of their circulat-
ing plasma fats, a condition known as dyslipi-
demia. This typically includes elevated levels of 
apolipoprotein B (apoB), diminished levels of 
high-density lipoprotein, and alterations in low-
density lipoprotein’s particle composition 
(LDL).51 Upon direct infusion of carbohydrates 
or fats into the ileum, healthy human bodies wit-
ness a swift rise in GLP-1 plasma concentrations. 
While this might be sufficient for triggering an 
early increase in circulating GLP-1 during food 
consumption, it is also suggested that due to rela-
tively fewer L-cells present at proximal parts com-
pared to distal parts within small intestines – seen 
across rodents and humans alike – some other 
neural or humoral signals may influence release 
patterns concerning GLP-1 during meals; partic-
ularly evident within initial secretion phases per-
taining to GLP-1.52

While the direct response of L-cells to secrete 
GLP-1 in reaction to luminal nutrients is acknowl-
edged, it could be recognized as the principal pro-
cess behind GLP-1 secretion. It is intriguing to 
note that a proposed function of GLP-1 includes 
acting as a controller for intestinal lipid absorp-
tion, mediated through downregulation of apoB. 
However, there has been no evaluation regarding 
its long-term impacts on lipid metabolism or the 
influence on plasma levels of apoB in nondiabetic 
individuals with obesity who have experienced 
weight reduction.53,54 Research by Ben-Shlomo 
et  al.43 established that an AMPK-dependent 
pathway promotes inhibition of lipogenesis by 
GLP-1 in rats fed a high-fat diet. They found evi-
dence suggesting that therapy involving GLP-1 
curtails lipogenic enzymes such as fatty acid syn-
thase and carnitine palmitoyl transferase-1 within 
hepatic cells derived from experimental rats.43 
Subsequent research conducted by Parlevliet 
et al.55 substantiates this point while also revealing 
both DPP-1i (exendin-4) and GLP1-RA result in 
decreased hepatic lipogenesis among mice con-
suming high-fat diets. They also discovered that 
treatment with GLP-1 suppresses the activity of 
genes participating in lipogenesis.55

Reducing body weight from 5 to 10% enhances 
the regulation of blood glucose levels. It positively 
impacts risk factors associated blood pressure and 
lipid profile.56 Proteins known as Sodium-
dependent glucose cotransporter proteins 1 and 2 

(SGLT1/2), particularly inhibitors of these pro-
teins, stimulate a rise in the glucagon-to-insulin 
ratio, increasing lipids’ mobilization. This effect is 
especially notable with SGLT1i. In addition, 
inhibitors of SGLT-2 decrease leptin concentra-
tions in serum while enhancing adiponectin con-
centrations – processes that promote fat 
breakdown, weight reduction, and diminishing 
fat accumulation within heart muscle tissue.57 
GIP or gastric inhibitory polypeptide directly 
impacts subcutaneous white fat tissue; it pro-
motes improved insulin response capabilities and 
enhanced capacity for lipid buffering. Additionally, 
GIP improves blood flow and storage capacity 
while mitigating the infiltration by pro-inflamma-
tory immune cells into tissues.58 Studies have 
demonstrated that therapy involving teneligliptin 
activates AMPK pathway responses while curb-
ing the expression of genes linked to lipogenesis, 
thereby ameliorating nonalcoholic fatty liver dis-
ease observed within mouse models.59 Numerous 
studies have hinted at a signaling relationship 
between GLP-1 and lipogenesis, where incretin-
based treatments improve lipogenesis through the 
AMPK activation pathway.60 Research has exten-
sively examined the combined agonists of GLP-1 
and GIP1-RA for their potential impact on diabe-
tes management and weight reduction.61

It is important to note that the several mecha-
nisms through which GLP-1RAs exert their anti-
inflammatory effects are intertwined and 
contribute to overall effect. However, a deeper 
exploration of the specific molecular pathways 
and receptors responsible for these effects is nec-
essary. In addition, both GLP-1R-dependent- 
and -independent pathways may be responsible 
for the anti-inflammatory effects of GLP-1RAs, 
illustrating the complexity of their activities. 
Gaining insight into the complex mechanisms 
through which GLP-1RAs produce their anti-
inflammatory effects will improve our under-
standing of their therapeutic potential and 
facilitate the creation of new anti-inflammatory 
approaches. Further research is needed to fully 
understand GLP-1RA’s downstream targets, 
signaling sequences, and interactions with other 
inflammation-related pathways.

Revolutionizing diabetes management and 
inflammation with the power of GLP-1RA
Upon ingestion of food, native GLP-1 is released 
into the bloodstream by the intestine. In 
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addition to augmenting insulin secretion, it 
inhibits glucagon release, improving glycemic 
control.62 Different tissues, such as the pancreas, 
the stomach, and the peripheral nerves, express 
GLP-1 receptors. Food intake and body weight 
are controlled by peripheral and central GLP-1-
sensitive pathways63 This peptide activates 
GLP-1 receptors by mimicking endogenous 
GLP-1. This hypothesized mechanism could 
enhance insulin secretion and suppress glucagon 
secretion in glucose-dependent manners (Figure 
1). Additionally, they delay gastric emptying and 
reduce food intake by suppressing appetite, 
thereby reducing blood sugar levels.64 Animals 
and humans with diabetes or obesity can reduce 
local or systemic inflammation by administering 

GLP-1-RA, regardless of their glycemic status or 
body weight. As a result, GLP-1-RA may pos-
sess anti-inflammatory properties that extend 
beyond glucose and weight control.35

Impact of GLP1-RAs on diabetes and 
inflammation
Exendin administration in diabetic mice has been 
shown to attenuate inflammatory responses by 
upregulating regulatory T cells.65 Exendin-4, a 
GLP-1 analog, showed cardioprotective proper-
ties in a diabetic animal model by preventing 
heart remodeling and diastolic dysfunction. In 
addition to these effects, a decline in macrophage 
infiltration, IL-1β, and IL-6 expression was 

Figure 1. A schematic representation of the mechanism of glucagon-like peptide-1 (GLP-1) receptor agonists 
(GLP-1RA) inducing anti-inflammatory response while treating obesity, neurodegenerative disorders, and IBD. 
The role of GLP-1RA in obesity, neurodegenerative and IBD disorders is accomplished by NFκB and PI3K-
Akt pathways, leading to the anti-inflammatory effect, by downregulation the pro-inflammatory cytokines 
and chemokines like IL-6, IL-8, TNF-α, IL-21, and IFNγ. As a result of these pathways, various tissues are 
more anti-oxidative, which reduces obesity, neurodegenerative, and IBD complications. In neurodegenerative 
conditions, β-cells undergo differentiation which enhances their neuroprotective capabilities and lessens the 
extent of neuroinflammation.
Akt, activating receptor tyrosine kinase; CXCL8, C-X-C motif chemokine ligand 8; DPP-4, dipeptidyl peptidase-4; ERK1/2, 
extracellular signal-regulated protein kinases 1 and 2; GLP-1, Glucagon-like peptide-1; GLP-1RA, Glucagon-like peptide-1 
receptor agonists; IBD, inflammatory bowel disease; IFN-γ, Interferon-γ; IL-8, interleukin-8; IL-6, interleukin-6; IL-21, 
interleukin-21; NFκB, Nuclear Factor-kappa B; PI3k, phosphoinositide-3-3kinase-protein kinase; Th1, T-helper-1; TNF-α, 
Tumor necrosis factor- α.
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observed, and an increase in IL-10 expression 
within the heart was reported.66 Treatment with 
liraglutide substantially reduced the mean con-
centration of CRP in a retrospective study of 
obese individuals with T2DM, suggesting its 
potential as an anti-inflammatory drug. Baseline 
CRP and TNF-α levels were also significantly 
decreased due to using exenatide in combination 
with metformin. These results prove that GLP-
1-based therapy may reduce inflammation and 
improve fatty liver disease in animal and human 
models.67 Diabetic kidney inflammation is greatly 
aided by oxidative stress. Disturbances in the 
body’s oxidant/antioxidant balance trigger 
NF-κB signaling.68 Renal pathology is seen in 
GLP-1 receptor knockout mice due to an increase 
in glomerular superoxide, an upregulation of 
renal nicotinamide-adenine dinucleotide phos-
phate (NADPH) oxidase expression, and a 
decrease in renal cyclic adenosine monophos-
phate (cAMP) and protein kinase A (PKA) activ-
ity. By stimulating the cAMP-PKA pathway, 
GLP-1RA protects cells from oxidative stress by 
reducing the production of ROS. Treatment with 
liraglutide reduced NADPH oxidase activity, 
increased cAMP-PKA activity, and reduced 
mesangial expansion in mouse models.69,70 
Liraglutide has been shown to modulate immune 
responses in individuals with diabetes. By treat-
ing patients with liraglutide, invariant natural 
killer (iNK) cells were significantly increased 
and monocytes secreting pro-inflammatory 
cytokines decreased significantly. Another 
research found that therapy with exenatide may 
decrease oxidative stress and upregulate anti-
inflammatory responses in the peripheral lym-
phocytes of type 1 and T2D patients.71 The 
functionality of GLP-1 in treating individuals 
with T2D has been thoroughly researched and 
validated. Its application in managing Type 1 
diabetes mellitus (T1DM), however, remains 
less explored. GLP-1RAs may be viable for 
overweight or obese T1DM patients struggling 
to reach their blood sugar targets. GLP-1’s abil-
ity to lessen inflammation in the pancreas helps 
preserve beta cells, potentially slowing the evo-
lution toward T1DM. Yet, a deeper under-
standing of GLP-1’s role in T1DM treatment 
demands further study. In the context of  
T2DM, GLP-1RAs have produced a range of 
beneficial pancreatic impacts, leading to signifi-
cant enhancements in glycated hemoglobin 

(HbA1c), fasting and postprandial plasma glu-
cose levels, and pancreatic beta-cell performance 
indicators.72–74 Drugs such as Liraglutide and 
Semaglutide have demonstrated superior blood 
sugar control compared to placebo or alternative 
antihyperglycemic treatments.75 Recorded clini-
cal data in 2019 demonstrated that liraglutide, a 
specific GLP-1RA, effectively diminishes adipos-
ity and overall body fat by enhancing lipolysis 
among patients with T2DM who are obese.76 A 
significant study conducted by Patel et al.77 pro-
vided evidence that agonists of the GLP-1R can 
decrease cholesterol generation via inhibition of 
HMG-CoA reductase, a crucial enzyme involved 
in cholesterol synthesis, as well as SREBP-1C. 
The transcriptional impacts caused by GLP-1 
have shown to be cardioprotective due to their 
ability to lessen the formation of atheroma 
plaque.77 Current treatment protocols propose 
considering weight impact when choosing diabe-
tes treatment strategies, and GLP-1RAs have 
shown a notably positive therapeutic profile for 
overweight or obese individuals with T2DM.78 
Recent rigorous scientific studies, specifically 
randomized controlled trials, have proven that 
GLP-1RAs consistently offer substantial weight 
loss advantages beyond the early stages of treat-
ment. Furthermore, GLP-1RAs have been shown 
to positively influence multiple cardiometabolic 
risk elements, positioning them as crucial devel-
opments in weight management medication for 
medical professionals and their patients.79 
Liraglutide 3.0 mg (Saxenda®, produced by Novo 
Nordisk) is sanctioned for use in managing over-
weight and obesity in both the United States and 
Europe when combined with a reduced-calorie 
diet and physical exercise. The SCALE (Satiety 
and Clinical Adiposity Liraglutide Evidence) 
study assessed the safety and effectiveness of 
3.0 mg liraglutide subcutaneous injections for 
diabetic and nondiabetic individuals. In this 
weight control initiative, those administered with 
3.0 mg liraglutide demonstrated a dose-respon-
sive weight reduction between 6.0 and 8.8 kg. 
Conversely, participants who were given a pla-
cebo (only diet and exercise) showed an average 
weight reduction between 0.2 and 3.0 kg.12 
(Table 2).

In a recent study by Lazzaroni et al.,61 they docu-
mented a higher (>5%) reduction in weight 
among T2D patients who were given liraglutide, 
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semaglutide, and tirzepatide. Apovian et al.88 dis-
covered that the introduction of exenatide to an 
intensive lifestyle alteration program – one entail-
ing a daily deficit of 600 kcal coupled with at least 
2.5 h per week of physical exercise – spurred 
greater weight reduction compared to the lifestyle 
program combined with placebo (−6.2 ± 0.5  
versus −4.0 ± 0.5 kg). A noteworthy decrease in 
weight was observed by Davies et al.89 specifically 
in obese patients with T2D who were treated with 
varying doses of Liraglutide; after following this 
regimen for 12 weeks, average weight loss stood at 
4.7% of initial body mass (−5 kg as an absolute 
value) and increased to 6% (−6.4 kg as an absolute 
value) when administered doses rose from 1.8 to 
3 mg respectively, compared against a mere loss of 
about 2.2% body mass (which equates to −2.2 kg 
actual value) among those on placebo. Sandsdal 
et  al.90 revealed that structured exercise coupled 
with liraglutide treatment – which consists of con-
suming only 800 kcal/day over 8 weeks – effectively 
diminished metabolic syndrome severity, abdomi-
nal obesity prevalence, and inflammation levels 
one had priorly experienced. It also became evi-
dent that utilizing such combination therapy 
might result in a more effective strategy toward 
curtailing cardiometabolic risks rather than rely-
ing on individual treatments alone.

In conclusion, GLP-1RAs have anti-inflamma-
tory properties in diabetes treatment through 
modulation of immune cell signaling, inhibiting 
NF-κB activation, and reducing TNF-α produc-
tion. These characteristics contribute to the 
potential advantages of GLP-1RAs, such as 
decreasing systemic inflammation, improving 
blood sugar control, and lowering the risk of dia-
betes-related complications. Additionally, find-
ings from lipoprotein tracer kinetic research are 
set to guide us in understanding the influence of 
incretin-derived treatments on the creation and 
breakdown of lipoproteins. There is still a scarcity 
of substantial clinical proof concerning how these 
incretin-oriented therapies affect the likelihood of 
macrovascular and microvascular complications 
in diabetics. Lastly, it remains uncertain whether 
there may be benefits from merging standard 
lipid-reducing drugs with those based on incre-
tins for individuals without diabetes.91

GLP-1RA and the inflammatory link to ND
Cognitive impairment is highly linked with 
Diabetes mellitus, a primary hazard element. 

Neurodegeneration and cognitive deterioration 
can be influenced by the brain’s GLP-1 secretion 
and its peripheral in those affected by diabetes; 
however, external GLP-1 treatment may prove 
advantageous.92,93 Thus, the current article has 
also focused on ND, due to its association with 
diabetes mellitus (DM). Also, inflammation is 
involved in various neurological disorders such as 
Alzheimer’s disease (AD), dementia, multiple 
sclerosis (MS), and Parkinson’s disease (PD)24,94 
(Table 2). Injured neurons and synapses produce 
chemicals, and inflammatory regulatory systems 
are disrupted, all of which contribute to the pro-
gression of these ND.95 There is a lack of knowl-
edge on GLP-1RA’s precise effect on neurogenesis. 
However, one theory suggests that this is due to an 
increase in the expression of mammalian achaete-
scute homolog 1 (Mash1), a protein crucial for 
neuronal development that is thought to encour-
age hippocampus regeneration.93 Akt activation 
increases Mash1 protein levels and transactivation 
activity are increased during Akt activation, which 
may indicate a role for the GLP-1-induced PI3K-
AKT pathway96 (Figure 1).

Many scientific investigations have explored the 
neuroprotective qualities of GLP-1RAs in diabetic 
animal subjects. GLP-1RA has been studied exten-
sively regarding cerebral ischemia/reperfusion inju-
ries.92 In addition to regulating brain functions, 
GLP-1, and its receptor agonists have been shown 
to influence thermogenesis, blood pressure, neuro-
genesis, neurodegeneration, retinal repair, and 
energy balance.97 Specifically, the precise localiza-
tion of the GLP-1 receptors are yet unknown. 
GLP-1R mRNA has been found in various tissues 
and organs in rat models, including pancreatic islets, 
lungs, stomach, heart, ovaries, and kidneys.24 There 
is substantial evidence that GPL-1R may improve 
signal transduction by enhancing the PI3K/AKT 
pathway due to the anti-apoptotic effects of GLP-1 
through modulation of transcription factor cyclic 
AMP response-binding protein (CREB) and pro-
tein survival factors like Bcl-2 and Bcl-XL, includ-
ing -arrestin-1 and phosphorylation of ERK1/2. As 
a consequence, activating the PI3K/AKT pathway 
can inhibit caspases and NF-κB, preventing the 
release of pro-inflammatory cytokines.92

The nuclei containing GLP1-R are located in the 
circumventricular area postrema and median 
eminence, as well as in the nucleus of the solitary 
tract (NTS).98 The transportation of GLP-1 or its 
ligands through the central nervous system (CNS) 
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may be mediated by astrocytes and tanycytes. 
Incretin receptor agonists, such as ligand, sema-
glutide, and peptide, may infiltrate the brain 
when they are non-acylated or non-PEGylated.98,99 
Given that GLP-1RA is a significant moderator 
of the gut-brain axis, it could potentially impact 
the brain indirectly through vagal nerve fibers in 
the enteric region, conveying metabolic informa-
tion to NTS.100 Timper et al. and his team discov-
ered that the communication through GLP-1 
receptor facilitates FA β-oxidation in astrocytes 
grown in a lab setting. This process subsequently 
enhances lipid regulation and memory perfor-
mance. Their findings propose that the signaling 
of GLP-1 plays a central role in maintaining 
energy balance and brain functionality, by means 
of pathways dependent on FA β-oxidation.101

Recent research has shown that the GLP-1 RA 
exenatide improves brain vascular health in an 
aged mice model, with transcriptome analysis 
revealing an enrichment of human AD genes 
from genome-wide association studies.22 Studies 
have shown that gliptin may improve cognitive 
abilities in Alzheimer’s disease (AD). High-fat 
diet-induced insulin-resistant rats could benefit 
from both vildagliptin and sitagliptin to protect 
against mitochondrial complications.102 DPP-4 
inhibitors show potential in treating AD, but fur-
ther research is required. Human studies have 
demonstrated that for those with obesity, predia-
betes, or early-stage T2D, liraglutide slows a 
decline of memory function independent of 
weight reduction.103 It is well established that 
mitochondria changes contribute to AD develop-
ment. An increase in oxidative stress and ROS 
production play a role in mitochondrial DNA 
damage, respiratory impairment, and calcium 
imbalance, where all these symptoms of mito-
chondrial dysfunction are associated with AD.93 
Mitochondrial damage in AD may be caused by 
Aβ-production and tau phosphorylation.104 
Furthermore, a mitochondrial injury may play a 
role in transitioning from diabetes to AD, as 
exposing diabetic rats’ brain mitochondria to Aβ 
increases their vulnerability.105

Based on this evaluation, although additional 
clinical evidence is required, existing information 
indicates the promising potential of employing 
GLP-1 and its analogs in future AD therapies.106 
It has been discovered that providing Liraglutide 
to AD patients for 6 months increases the ability 
to transfer blood-brain glucose, allowing the  

reestablishment of glucose transport, a vital  
initial step in improving brain alterations.107 
Furthermore, Gejl et  al.107 (ClinicalTrials.
govNCT01469351) revealed that a 6-month 
Liraglutide treatment for AD patients helps pre-
vent the decrease in the rate of cerebral glucose 
metabolism, a sign of cognitive deterioration, syn-
aptic issues, and disease progression.

Parkinson’s disease (PD) is influenced by chronic 
inflammation. Microglia and astrocyte activation 
causes an increase in cytokines, which in turn 
activates the NF-κB pathway and causes oxida-
tive damage to proteins. This phenomenon has 
been noted in the cerebrospinal fluid and brain 
tissue of living PD patients and in postmortem 
brain autopsies of those with PD.37 Oxidative 
stress induced by inflammation and toxicity 
driven by cytokines may further the decay of the 
nigrostriatal pathway, thereby hastening the pro-
gression of idiopathic PD.37 According to prelimi-
nary clinical trials, patients treated with exenatide 
improved by 2.7 points on the Movement 
Disorder Society-Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS) after 12 months, 
compared to a decline of 2.2 points in control 
patients.86 Exenatide has also exhibited the poten-
tial to lessen brain deterioration and disability in 
patients with MS.87 Furthermore, lixisenatide has 
been tested for amyotrophic lateral sclerosis, 
showing promise in slowing disease advancement 
and enhancing survival.24 When tested on patients 
with early-stage PD, exendin-4 was the first 
GLP-1 RA to show efficacy. By decreasing apop-
tosis, promoting mitogenesis, and increasing 
autophagy flux, exendin-4 and DA-CH5 have 
been demonstrated to protect SH-SY5Y cells 
against the cytotoxicity of 6-hydroxydopamine 
(6-OHDA).108 Progress in 45 individuals with 
mild PD was evaluated in a pilot research utilizing 
a single-blind trial design. Subjects were either 
given exenatide injections under the skin for 
12 months or served as controls.

The results indicate that GLP-1RAs improve 
neurodegenerative conditions through several 
mechanisms, such as decreasing inflammation, 
enhancing neuroprotection, and boosting cogni-
tive performance. Nonetheless, additional investi-
gation is required to comprehensively comprehend 
the action mechanisms and ascertain the ideal 
dosage and therapy duration for distinct neurode-
generative ailments. In general, GLP-1RAs pre-
sent encouraging treatment alternatives for 
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neurodegenerative diseases, providing novel path-
ways for managing these conditions and potential 
neuroprotective benefits.

Therapeutic potential of GLP-1RAs in IBD
Crohn’s disease (CD) and ulcerative colitis (UC) 
are under the broad category of IBD, which 
describes a group of chronic inflammatory gastro-
intestinal disorders.23 Recent research points to 
the potential of GLP-1RAs as a therapeutic solu-
tion in treating IBD. One of the primary objec-
tives of IBD treatment is to promote mucosal 
healing, an indicator of clinical remission.109 
There is evidence that GLP-1RA can reduce 
intestinal inflammation in IBD by regulating 
immune cell signaling and having anti-inflamma-
tory properties.110 GLP-1RA contributes to gut 
microbiota composition and intestinal barrier 
integrity, which are associated with IBD develop-
ment.111 Reduced production of pro-inflamma-
tory cytokines, blocked NF-κB signaling, and 
increased regulatory T-cell activity are some of 
the mechanisms through which GLP-1RA pro-
tects against intestinal inflammation in early-stage 
IBD models112 (Figure 1).

Insulin resistance persists in people with IBD, 
despite attempts to suppress TNF. No significant 
differences were seen in plasma insulin, glucose, 
or insulin resistance between before and after inf-
liximab treatment in children with CD.102 
Histological scores, the colon weight/length ratio, 
and inflammatory cytokines/chemokines (such as 
CCL20, IL-33, and IL-22) were all considerably 
improved in a study by Bang-Berthelsen et  al. 
when the GLP-1 analog liraglutide was used.113 
Patients with active UC and CD had higher 
amounts of bioactive GLP-2 than healthy con-
trols, according to a study by Xiao et  al.114 
However, Schmidt et  al. found no difference in 
meal-stimulated GLP-2 plasma or tissue concen-
trations between IBD and non-IBD individu-
als.115 These results suggest that GLP-1RA might 
be beneficial as a therapeutic agent for treating 
IBD, providing a new strategy to target inflamma-
tion and improve clinical outcomes in affected 
patients.

Limitations and future perspective
The use of GLP-1RAs is predicted to increase in 
treating diabetes, neurological disorders, and 
IBD. Current research focuses on creating 

stronger and longer GLP-1RAs with improved 
effectiveness and safety. Combination treatments 
involving GLP-1RA and other antidiabetic sub-
stances, such as SGLT-2 inhibitors or DPP-4 
inhibitors, are expected to become increasingly 
prevalent to improve glycemic control and address 
the complex nature of diabetes. Additionally, 
using personalized medicine strategies through 
biomarkers or genetic profiling can help pinpoint 
patients most likely to respond positively to GLP-
1RA. This could guide the selection of treatment 
and maximize therapeutic results. Further studies 
are necessary to determine the best dosage sched-
ules and treatment periods for GLP-1RA. 
Nevertheless, the type of response to GLP-1RAs 
and the extent of their anti-inflammatory effects 
may vary among different patient populations 
depending on the severity of the disease, the pres-
ence of comorbidities, and the characteristics of 
the individual patient. Despite this heterogeneity, 
the current review needed to include more in dis-
cussing how it might impact generalizability. 
There is limited data on the anti-inflammatory 
effects of GLP-1RAs in different diseases over the 
long term. These drugs have yet to be tested for 
their long-term effectiveness and safety in terms 
of inflammation.

GLP-1RA’s therapeutic benefits could be 
enhanced by combining them with other neuro-
protective substances, such as antioxidants or 
drugs that reduce inflammation. Developing a 
GLP-1RA that crosses the blood-brain barrier and 
targets brain areas affected by neurodegeneration 
could provide a novel therapeutic possibility. 
Intense research should focus on revealing how 
GLP-1RAs display their anti-inflammatory actions 
in the gut and establishing the most effective dos-
age and treatment plans. Complementary treat-
ments that include GLP-1RA and other IBD 
drugs, for example, biologics or immunomodula-
tors, could provide combined benefits and enhance 
disease management. Safety studies and bigger 
clinical trials are needed to assess GLP-1RAs’ effi-
cacy and safety in different IBD patient groups.

The potential of GLP-1RA to manage diabetes, 
ND, and IBD is optimistic. Subsequent studies 
will focus on improving treatment protocols, 
developing new agents, investigating combined 
treatment options, and customizing therapeutic 
strategies. With continued progress in our 
understanding of the workings and potential ther-
apeutic advantages of GLP-1RA, these agents 
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could radically alter the control of these condi-
tions and improve the patient’s prognosis.

Conclusion
GLP-1RAs have emerged as potential therapeutic 
agents with unique anti-inflammatory capabilities 
and significant clinical implications. They reduce 
systemic inflammation and enhance disease out-
comes by modulating immune cell signaling, 
decreasing NF-κB pathway activation, and reduc-
ing pro-inflammatory cytokines. The anti-inflam-
matory benefits of GLP-1RA go beyond their 
recognized function in blood sugar regulation and 
weight control. Clinical and experimental research 
shows it reduces inflammation in neurological 
disorders, IBD, and diabetic complications. 
These revelations indicate an expanded therapeu-
tic scope for GLP-1RA, surpassing its conven-
tional application in the management of diabetes. 
Furthermore, GLP-1RAs have several benefits as 
therapeutic agents. They demonstrate a com-
mendable safety record, a low incident rate of 
hypoglycemia, and negligible side effects. Their 
multiple products, including improved endothe-
lial function, antioxidant activity, and safeguard-
ing beta-cell functionality, contribute to their 
comprehensive clinical advantages.

GLP-1RAs have demonstrated potential in man-
aging coexisting conditions associated with 
chronic inflammation, including obesity, dyslipi-
demia, and factors contributing to cardiovascular 
risk. There has been substantial progress in 
understanding the anti-inflammatory function of 
GLP-1RA. More research is required to under-
stand the core mechanisms and find the best 
treatments. This includes examining the possible 
synergistic results of combined therapies, investi-
gating safety profiles over extended periods, and 
conducting more comprehensive clinical trials to 
assess their effectiveness in various patient groups. 
Positive results from using GLP-1RA in treating 
inflammation disorders are promising. GLP-
1RAs introduce an innovative therapeutic method 
that enhances current treatment options by tar-
geting inflammation in the cellular and molecular 
stages. They might enhance disease outcomes, 
chronic inflammation, and patient quality of life.

In general, GLP-1RAs constitute a substantial 
breakthrough in anti-inflammatory treatment. 
Their ability to regulate immune reactions, miti-
gate systemic inflammation, and influence the 

course of diseases emphasizes their prospective 
clinical applications beyond blood sugar regula-
tion. As ongoing studies uncover the complex 
operations and therapeutic potential of GLP-1RA, 
it is evident that they could serve as an important 
instrument in managing inflammatory diseases.
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