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ABSTRACT

Introduction: Understanding the pathogenesis and risk factors to control the coronavirus disease 2019
(COVID-19) is necessary. Due to the importance of the inflammatory pathways in the pathogenesis of
COVID-19 patients, evaluating the effects of anti-inflammatory medications is important. Glucagon-like
peptide 1 receptor agonist (GLP-1 RA) is awell-known glucose-lowering agent with anti-inflammatory

effects.

Areas covered: Resources were extracted from the PubMed database, using keywords such as gluca-
gon-like peptide-1, GLP-1 RA, SARS-CoV-2, COVID-19, inflammation, in April2021. In this review, the
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effects of GLP-1RA in reducing inflammation and modifying risk factors of COVID-19 severe complica-
tions are discussed. However, GLP-1 is degraded by DPP-4 with aplasma half-life of about 2-5 minutes,
which makes it difficult to measure GLP-1 plasma level in clinical settings.

Expert opinion: Since no definitive treatment is available for COVID-19 so far, determining promising
targets to design and/or repurpose effective medications is necessary.

1. Introduction

Since December 2019, severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) has emerged as a novel respiratory
infection disease in Wuhan, China [1]. The infection has spread
drastically that infected more than about 200 million people
worldwide, leading to more than 4 deaths so far (August 1%t
2021) [2]. Considering the contagious characteristic of COVID-
19, besides lack of a proper treatment for infected patients,
COVID-19 pandemic has already imparted a huge burden on
patients, families, healthcare system, and societies. As a result,
scientists have put great efforts to find proper biomarkers for
the detection of susceptible patients in severe forms of the
infection. So, the early diagnosis will be facilitated before the
onset of severity, which could lead to a reduction in the rate of
mortality and serious complications. Moreover, considering
several unknown features of this infection, different late-
onset and long-term complications might be plausible.
Hence, it is beneficial to understand the comorbidities and
risk factors associated with the increased risk of severity and
mortality in patients with COVID-19.

One of the most important risk factors in association with
severe COVID-19 infection is diabetes mellitus (DM) since the
mortality rate of diabetic patients is almost three times higher
than the normal population [3,4]. Therefore, investigating
COVID-19 infection in the context of DM could help in better
the understanding of possible mechanisms responsible for the
progression of COVID-19 infection to severe life-threatening
diseases. On the other hand, the fact that millions of people
live with DM worldwide [5] highlights the importance of

understanding pathophysiological pathways and risk factors
related to the development of the diseases to severe condi-
tions with undesirable outcome.

The mechanisms involved in controlling the blood glu-
cose level have been suggested to affect the disease out-
come in patients with COVID-19 [6]. In addition,
angiotensin-converting enzyme 2 (ACE2) receptor that has
an established role in the virus entry into host cells are
a well-documented pathway responsible for macro and
microvascular complications in diabetic patients [5,7-9].
On the other hand, incretin hormones, which are compo-
nents of endogenous blood glucose control pathways,
have demonstrated anti-inflammatory functions as well,
which make them potential factors in determining the
chance of developing severe COVID-19 infection.
Glucagon-like peptide 1 (GLP-1) is a type of incretin hor-
mone that is produced and released from intestinal cells.
Different systems in the body, including the central ner-
vous system, respiratory system, and cardiovascular sys-
tem, express GLP-1 receptors [10]. One of the well-known
functions of GLP-1, which has led to the application of
GLP-1 receptor agonists (GLP-1RA) as a medication for
controlling the glucose homeostasis in diabetic patients,
is the stimulation of insulin secretion besides the inhibition
of glucagon production [11]. Indeed, in diabetic patients
due to the altered secretion of GLP-1, the anti-
inflammatory mechanism does not function properly.
Hence, this dysfunction alongside the hyperglycemia
could be considered as a predisposing factor to a more
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Article highlights

e GLP-1RA represented protective properties against pancreatic beta-
cells damage, caused by inflammation and SARS-CoV-2 infection.

e GLP-1RA might be useful in modifying risk factors of developing
severe COVID-19 complications, such as obesity, NAFLD, and cardio-
vascular disease.

e GLP-1RA has been proposed as a potential therapeutic candidate
during acute COVID-19 infection to reduce respiratory injuries.

e GLP-1RA demonstrated promising results in the prevention of chronic
lung injuries such as pulmonary fibrosis following a severe form of
SARS-CoV-2 infection.

severe form of SARS-CoV-2 infection in diabetic
patients [12].

In this article, the common inflammatory pathways asso-
ciated with COVID-19 pathophysiology and GLP-1 functions
have been discussed, in order to outline the anti-inflammatory
effects of GLP-1 in different systems of the body and evaluate
its potential applications in the diagnosis and treatment of
patients with COVID-19. In addition, given the importance of
prevention and control of severe complications of COVID-19 as
well as the reduction of mortality in high-risk patients, poten-
tial effects of GLP-1 in controlling the inflammatory status in
metabolic diseases with the aim of controlling the risk factors
associated with SARS-CoV-2 severe complications have been

reviewed.

2. Search strategy

The resources were extracted from the PubMed database, in
April 2021, using the keywords of (‘GLP-1" OR ‘Glucagon-like
peptide-1’ OR ‘GLP-1RA") AND (‘SARS-CoV-2' OR ‘COVID-19" OR
‘novel coronavirus’) AND (inflammation’ OR ‘anti-
inflammatory’ OR ‘cytokine storm’); the articles’ abstracts
were initially assessed in order to determine whether they
are relevant to the title of article. A reference list of the related
articles has also been evaluated and included in this paper, in
case of proper relevancy. The full texts of all relevant articles
were evaluated and the findings were interpreted by the
authors to obtain the necessary information for writing the
manuscript.

3. The common pathway of ACE2 receptor, diabetes
mellitus (DM), and SARS-CoV-2

There is a mutual relationship between SARS-CoV-2 infection
and DM. Diabetes mellitus is an important risk factor in deter-
mining COVID-19 prognosis, while the new onset of DM in
patients with COVID-19 has been reported as well. The exact
underlying mechanism is still unknown; however, several factors
have been suggested in this regard [13]. One of the most prob-
able responsible mechanisms for the exacerbation and develop-
ment of DM in COVID-19 patients is attributed to the expression
of the SARS-CoV-2 receptor in insulin-producing cells. ACE2 is
known as an important receptor for virus entry into host cells.
This enzyme is widely expressed in cells of various organs of the

body, including beta cells of the pancreas, brain, and liver, and
have the highest level of expression in the epithelial cells of the
intestine and lungs. As a result, various organs’ cells could be
infected by SARS-CoV-2 [14,15].

However, the imbalance in the renin-angiotensin-aldosterone
system (RAAS) and ACE/ACE2 proportion in patients with DM puts
them at greater risk for developing SARS-CoV-2 complications. In
addition, the dipeptidyl peptidase-4 (DPP-4) enzyme, which
breaks down GLP-1 after secretion in the body, has been sug-
gested as an effective factor in SARS-CoV-2 entry into human cells.
Indeed, the plasma activity of this enzyme is higher in diabetic
patients [16-18]. This implies that diabetic individuals are at higher
risk of SARS-CoV-2 infection. Meanwhile, pancreatic cells have
cellular receptors for the virus; hence, the virus induces functional
disturbances among infected pancreatic beta cells, which lead to
the development of the symptom of new-onset DM [19]. Thus,
investigating cellular damage mechanisms in the pathophysiology
of COVID-19 and the determining factors that play protective roles
in tissue function and structure are of high value.

4. GLP-1, SARS-CoV-2, and pancreatic cells
4.1. SARS-CoV-2 and pancreatic cells injury

Through the cellular injury induced by SARS-CoV-2, the activa-
tion of inflammasomes results in the conversion of pro-
inflammatory cytokines to inflammatory cytokines. IL-1B and
TNF-a are activated due to caspase-8 and caspase-1 activity,
which causes cellular damage and apoptosis by NF-kB path-
way. In addition, NF-kB activation increases the secretion of
pro-inflammatory cytokines and the production of reactive
oxygen species (ROS), which results in cellular damage.
Studies have shown elevated plasma levels of pro-
inflammatory cytokines in patients with COVID-19 [20-23].
The anti-apoptotic effects of GLP-1RA on pancreatic cells
are conducted through different intracellular signaling path-
ways. In the first pathway, GLP-1RA inhibits the apoptotic
mechanisms through activating phosphatidylinositol-3
kinase (PI3K), protein kinase CC (PKC(), and protein kinase
B (PKB), which finally leads to the inhibition of NF-kB path-
way and caspase activation. The other anti-apoptotic
mechanism of GLP-1RA intracellular signaling is based on
Bcl-2 and Bcl-XL activation. Accordingly, GLP-1RA induces
adenylyl cyclase activity that leads to an increase in cAMP,
which in turn, Bcl-2 and Bcl-XL are activated through PKA
and CREB activation [24]. On the other hand, previous stu-
dies showed that IL-1B and TNF-a have an important role in
the development and exacerbation of DM by damaging beta
cells of the pancreas, which are responsible for secreting
insulin hormone in the body [25,26]. Therefore, the presence
of common components (IL-13 and TNF-a) in both of the
above-mentioned pathways demonstrates possible associa-
tion of cellular damage mechanisms in DM and COVID-19.

4.2. GLP-1 and pancreatic cells (glucose hemostasis,
cellular apoptosis, and inflammation)

The anti-inflammatory roles of GLP-1 in DM have been inves-
tigated through animal studies, which shows that regardless



of GLP-1 effects on glycemic control and weight loss, it
reduces the pro-inflammatory cytokines such as TNF-a and
IL-1B [27]. In a study performed on a rat model to evaluate
the anti-apoptotic effects of GLP-1 on pancreatic beta cells, it
was shown that in the simultaneous control of blood sugar
and insulin levels, the absence of GLP-1 increased the pan-
creatic cell death. Indeed, the presence of GLP-1 decreased the
rate of cellular death by reducing the cytokine-induced apop-
tosis, which is mediated by pro-inflammatory cytokines such
as TNF-a and IL-1p [28].

Moreover, a study on pancreatic cells isolated from human
samples showed that GLP-1, in addition to its effects in con-
trolling blood sugar and increasing the pancreatic mass,
reduces apoptosis in pancreatic cells, including beta cells by
downregulating caspase-3 pathway and increasing the activity
of anti-apoptotic factors such as Bcl-2 [29]. Therefore, it is
proposed that GLP-1RA have direct impacts on insulin-
producing cells and potential anti-inflammatory roles, besides
the ability to control glucose hemostasis.

5. GLP-1, SARS-CoV-2, and cardiovascular disease
5.1. SARS-CoV-2 and cardiovascular injury

Another important considerationin particular, among patients
with DM during the COVID-19 pandemic, is to control other
metabolic factors and probable comorbidities in addition to
blood sugar level. Besides DM, cardiovascular diseases, and
hypertension are important comorbidities that are potentially
involved in determining the severity of the infection, disease
outcomes, and prognosis [30].

It is noteworthy that cardiovascular injuries due to SARS-
CoV-2 are also observed in infected patients, which potentially
increase the mortality rate. Suggested responsible mechan-
isms for cardiovascular injuries include increased inflammatory
responses of T cells, increased secretion of inflammatory cyto-
kines, rupture of preexisting atherosclerotic plaques, and
fibrous tissue formation [31,32]. Results of an autopsy study
in patients who died of COVID-19 indicated that although PCR
test was positive only in 35% of the cases, inflammatory
changes, and macrophage infiltration were observed in the
cardiac tissue of 86% of the cases. It has been hypothesized
that the role of the underlying inflammation and immune cells
infiltration in inducing cellular damage within the affected
tissue is more significant than the presence of viral particles
[33]. Furthermore, endothelial damage contributes to cardio-
vascular complications of COVID-19 due to ROS production
induced by inflammatory cytokines, TNF-a in particular. This
mechanism is mediated by the NADPH and NF-kB path-
way [34].

5.2. GLP-1 and cardiovascular system (antioxidant
mechanisms, chronic inflammation, and blood pressure)

Studies on the expression of GLP-1 in the cardiovascular sys-
tem showed that the GLP-1 receptor is expressed in the
cardiac tissue, with the same structure as found in pancreatic
cells [35]. Further studies on the function of GLP-1 in the
cardiovascular system have shown that GLP-1 potentially
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affects cardiac function in different aspects. For instance,
GLP-1 reduces blood pressure by lowering the secretion of
atrial natriuretic peptide (ANP) [36]. In addition, the protective
effects of GLP-1 against oxidants through increasing the pro-
duction of endogenous antioxidants can protect cardiomyo-
cytes against cellular apoptosis [37].

In order to evaluate the antioxidant effects of GLP-1 in
vascular endothelial cells, especially with regard to the induc-
tion of inflammation and initiation of oxidative reactions,
caused by TNF-q, it has been shown that GLP-1 increased
the production of antioxidant agents by inhibiting NF-kB and
PKC-a and NADPH oxidase pathways [38]. It has also been
reported that circulating levels of GLP-1 were correlated with
coronary artery atherosclerosis. However, atherosclerosis, as
a chronic disease, could be considered as an important comor-
bidity in COVID-19 patients [39,40]. Studies on GLP-1 have
demonstrated its protective effects against cardiomyocytes
apoptosis due to inflammation and highlighted its potential
role in alleviating previous chronic inflammation due to pre-
existing atherosclerotic plaques, both of which are considered
as SARS-CoV-2 risk factors. Further studies are necessary to
evaluate the function of GLP-1 in cardiovascular comorbidity,
especially in the era of COVID-19 pandemic.

6. GLP-1, SARS-CoV-2, and the gut microbiota

6.1. SARS-CoV-2 infection and intestinal microbiota
disturbance

Regarding the effects of the intestinal microbiome on disease
severity among patients infected with SARS-CoV-2, it has been
reported that disturbance of the intestinal microbiome bal-
ance could aggravate the patients’ status by enhancing the
inflammatory responses in the body [41]. Furthermore, exam-
ining the fecal samples of hospitalized COVID-19 patients
showed that dysbiosis remained in patients even after the
improvement of respiratory and systemic symptoms.
However, this imbalance in the intestinal microbiome can be
associated with an increased severity of the disease in COVID-
19 patients [42]. One of the responsible mechanisms could be
the alteration in the microbiota with the contribution of
defensive bacteria including Klebsiella, Streptococcus spp.,
and Ruminococcus gnavus that are associated with over-
secretion of pro-inflammatory cytokines and exacerbation of
the cytokine storm in infected patients [43].

6.2. GLP-1 and gut microbiota (receptor expression,
secretion, and inflammatory mechanisms)

However, the fermentative elements produced as a result of
gut microbiota functioning could be considered as a GLP-1
secretion stimulant. Moreover, the effect of intestinal micro-
biota on the growth of intestinal L-cells, which produce GLP-1,
has been observed in animal studies [44].

Additionally, due to the imbalance in the gastrointestinal
microbiome, the expression of GLP-1 receptors decreases;
indeed, the reduction of these receptors impairs the function
of GLP-1 through the gut-brain-periphery axis [45]. Hence,
a bidirectional association between GLP-1 secretion and the
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gut microbiota could be considered. It implies that not only
the gut microbiota status could affect the GLP-1 secretion, but
also GLP-1 could be considered as an effector in gut micro-
biota function by different mechanisms such as increasing the
intestinal motility and decreasing the appetite. In addition,
GLP-1 could be effective in modulating inflammatory path-
ways such as NF-kB, which is induced by bacterial lipopoly-
saccharide (LPS) [46].

7. GLP-1, SARS-CoV-2, and nonalcoholic fatty liver
disease

7.1. SARS-CoV-2 infection and NAFLD

Nonalcoholic fatty liver disease (NAFLD) that has an overall
prevalence of about 25% could be considered a worldwide
concern. Moreover, the prevalence of NAFLD is higher among
individuals with type 2 diabetes mellitus (T2DM) (with
a prevalence of about 55%). In recent decades, the incidence
of NAFLD in most of the world’s populations has been
increased [47,48].

It has been observed that NAFLD is associated with more
severe symptoms of SARS-CoV-2 infection. This could be
attributed to the chronic inflammation associated with
NAFLD. Therefore, SARS-CoV-2 infection, as an acute inflam-
matory event, could exacerbate the patients’ outcome [49]. In
addition, NAFLD is usually associated with other metabolic
diseases including obesity, insulin resistance, and metabolic
syndrome that could potentially affect the severity of COVID-
19 infection. However, different reports indicate that even
with the elimination of confounding factors, the presence of
NAFLD in COVID-19 patients is associated with a higher risk of
developing severe complications of the disease [50].

7.2. GLP-1 and NAFLD (progression, inflammatory
mechanisms, and weight loss)

Results of clinical trials showed that GLP-1RA can be effective
in reducing liver steatosis, decreasing liver enzymes’ levels,
reversing the fibrosis process, and enhancing the sensitivity
of the liver to insulin. Meanwhile, since the main treatment of
NAFLD is lifestyle modification and weight loss, GLP-1 could
be beneficial to control the disease by satiety induction and
thus reducing the food intake [51,52]. In addition, results of
evaluating the effectiveness of anti-diabetic medications in the
improvement of NAFLD showed GLP-1RA significantly reduced
liver steatosis in both diabetic and non-diabetic patients, in
comparison with other anti-diabetic medications [53,54].

On the other hand, the level of C-reactive protein (CRP),
which is known as an indicator of inflammation rises in
patients with NAFLD, therefore creates an underlying inflam-
mation in these patients. Besides, it has been observed that an
increase in CRP levels is significantly associated with the
development of NAFLD [55-57]. However, studies conducted
aiming to determine the anti-inflammatory effects of GLP-1
have shown that the administration of GLP-1RA significantly
reduces CRP levels [58]. Therefore, GLP-1 might be effective in
reducing chronic inflammation among this population and
help to improve the lifestyle by appetite reduction and

ultimately reducing risk of developing complications in SARS-
CoV-2 infection.

8. GLP-1, SARS-CoV-2, and adipose tissue
8.1. SARS-CoV-2 infection and obesity

Studies have been shown that due to the various factors,
especially chronic inflammation and impairment of the
immune system among obese individuals, they have
a higher risk of developing severe SARS-CoV-2 infection
[59,60]. In addition to the overexpression of inflammatory
cytokines such as IL-1, IL-6, and TNF-a in the adipose tissue,
an increase in DPP-4 enzyme and a decrease in the GLP-1 level
has been observed in obese diabetic individuals with insulin
resistance [61,62]. Given the significant role of inflammatory
cytokines in the pathophysiology of COVID-19 infection, it is
important to consider the evaluation of adipose tissue volume
and obesity to control the underlying inflammation and meta-
bolic disorders with the aim of reducing the risk of severe
COVID-19 complications.

8.2. GLP-1 and adipose tissue (inflammatory
mechanisms and weight loss)

GLP-1RA affects adipose tissue in different ways, including
weight loss by reducing appetite through the gut-brain axis
[63]. In the short term, GLP-1RA reduces visceral fat by affect-
ing dietary behaviors and appetite. Significant weight loss has
also been reported among obese patients with T2DM in the
long-term [64,65]. In addition to the effects of GLP-1 and its
agonists on weight loss and visceral fat reduction, animal
studies have shown that lipogenic mMRNA expression
decreased in mice treated with GLP-1RA. It was also observed
that the expression of mRNA associated with markers of
macrophage type 1, which is associated with inflammation,
have been decreased in the obese mouse model of DM [66]. It
should be noted that besides the therapeutic effects of GLP-
1RA in obese patients, a study on the relationship between
circulating GLP-1 levels as an indicator of metabolic syndrome
showed that measurement of circulating GLP-1 could be con-
sidered as an early diagnostic marker of metabolic syndrome,
especially obesity [67].

9. GLP-1, SARS-CoV-2, and lung tissue
9.1. SARS-CoV-2 and respiratory cells injury

One of the most important complications developed in
patients who are infected by SAR-CoV-2 is the incidence of
acute respiratory distress syndrome (ARDS), which is asso-
ciated with a high mortality rate among patients. In this con-
text, as a result of increased vascular permeability, the
surfactant secreted by type 2 pneumocytes becomes dysfunc-
tional and as a result, the alveoli collapse and the instability in
the lung tissue leads to pulmonary dysfunction [68-70].
Examination of lung autopsy specimens in patients who
developed ARDS demonstrated the role of the immune system
and inflammatory pathways in the occurrence and progression
of ARDS. The significant presence of CD4 + T cells and



inflammatory cytokines such as IL-13, IL-6, and IFN-y indicated
the crucial role of inflammation in this process [71,72]. In
addition, animal studies aimed at investigating the role of
inflammatory pathways in the development of ARDS and
acute lung injury (ALl due to respiratory viral infections,
such as influenza virus, highlighted the role of increased activ-
ity of inflammatory pathways of the host's immune system in
disease severity and cellular damages [73].

One of the proposed SARS-CoV-2 cellular injury patterns is
necroptosis, which is mediated through the receptor-
interacting  protein  kinase-3  (RIPK3)  phosphorylation.
Moreover, SARS-CoV-2 induces the caspase-8 activity, leading
to maturation of pro-IL-1p into IL-1p. IL-1pB, a pro-inflammatory
cytokine, induces cellular injury through necroptosis. Besides,
caspase-8 induces the caspase-3 activity, which causes cellular
apoptosis. As a result, both patterns could be responsible for
respiratory cell injuries [74].

9.2. GLP-1 and lung injury (cytokine storm, surfactant
production, and long term fibrosis formation)

A study on a mouse model to evaluate the effect of GLP-1
analogs on ALl and ARDS caused by influenza virus showed
that GLP-1 analogs do not affect viral particles, but could
reduce the mortality rate among infected mice by inhibiting
inflammatory pathways and cytokines such as IL-1pB, IL-6, and
TNF-a [75]. One of the key factors to sustain the function of
the lung is surfactant. Surfactant is a substance that is mainly
composed of phosphatidylcholine, which is a type of phos-
pholipid and is secreted from type 2 pneumocytes. The inci-
dence of ARDS in premature infants whose surfactant
production has not been properly established demonstrates
the importance of this substance in human respiratory func-
tion [76,77]. Moreover, a decrease in surfactant production in
adults have been reported as a result of cellular lung damage
due to different factors, including viral infections such as
SARS-CoV-2 [78].

In addition to its important role in reducing the surface
tension that prevents alveolar collapse during exhalation, sur-
factant plays an important role in inflammatory pathways and
protects pneumocytes against inflammatory cytokines [79]. In
clinical studies, the level of surfactant has been evaluated as
an important factor in determining the outcome and mortality
rate among patients, who developed ALl and ARDS induced
by SARS-CoV-2. Results showed that SARS-CoV-2 diminished
the detectable surfactant level. In this regard, clinical trials
were conducted to evaluate the efficacy of exogenous surfac-
tant to compensate the surfactant deficit and improve
patients’ outcome [70,78,80]. There are also some reports on
the effect of GLP-1 on human type 2 pneumocytes, which
showed GLP-1RA could increase the production of phosphati-
dylcholine through the protein kinase A (PKA) and protein
kinase C (PKC) pathways and ultimately increase the secretion
of surfactant in the lung tissue [81]. Furthermore, evaluation of
the long-term consequences of SARS-CoV-2 on infected
patients showed that one of the most dangerous long-term
outcomes could be the development of interstitial pulmonary
fibrosis (IPF) in a group of patients, who have experienced
a severe phase of the disease [82,83].
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Given the importance of this process and considering the
fact that appropriate medications for IPF are not available,
evaluating the effectiveness of potential medications for the
treatment of these patients is necessary. A study on a mouse
model of pulmonary fibrosis showed that GLP-1RA could
reduce the expression of collagen and hydroxyproline and
inhibit the enzymes involved in IPF formation, besides having
a positive effect on surfactant production and inhibiting the
activity of inflammatory cells and cytokines [84]. Bleomycin is
a substance that can be used as to induce IPF in animal
studies [85]. This increases the expression of alpha-smooth
muscle actin (a-SMA) and vascular cell adhesion molecule-1
(VCAM-1), which are effective in fibrous formation. Moreover,
inhibition of the NF-kB pathway by GLP-1RA has been pro-
posed to be effective in the IPF alleviation [86].

Transforming growth factor-beta (TGF-f) contributes to the
occurrence of fibrosis as well [87,88]. A study on human
mesenchymal cells showed that reduction in the level of
TGF-B could be considered as an action mechanism of anti-
fibrotic effects of GLP-1 [89]. Therefore, GLP-1 can be a part of
corresponding pathways in both acute and chronic phases of
pulmonary injury. Further studies on the effectiveness of GLP-
1RA in ALl and its long-term effects among patients who are
infected by SARS-CoV-2 is of high value (Figure 1).

10. Conclusion

GLP-1RA exerts their protective and anti-apoptotic effects on
different organs of the body, including the cardiovascular,
respiratory, and endocrine systems by inhibiting inflammatory
pathways through decreasing pro-inflammatory cytokines
secretion. According to various studies, positive effects of
GLP-1 in attenuating the inflammatory status in chronic meta-
bolic diseases, focusing on the use of GLP-1RA to regulate
various comorbidities alongside the blood glucose control,
especially in diabetic patients, could be benéeficial.

In addition, the protective effects of GLP-1 in ALl require
further investigations to clarify the effectiveness of using these
medications in patients infected with SARS-CoV-2.

It is worth considering that in a meta-analysis performed
aiming to evaluate the safety of using GLP-1RA during the
COVID-19 pandemic, it was determined that the administra-
tion of GLP-1RA is not a risk factor for respiratory tract infec-
tions or other complications such as ARDS, especially among
patients with other comorbidities [90].

Due to the importance of understanding the determinants
of the outcome in COVID-19 patients, various studies on the
relationship between the type of antidiabetic medications and
the outcomes of patients have been conducted [91]. For
instance, results of a study on the 12,446 individuals with
positive SARS-CoV-2 PCR test showed that the 60-day mortal-
ity and hospitalization rates in patients who were taking both
GLP-1RA and sodium/glucose cotransporter-2 inhibitors
(SGLT2i) were lower than those taking only DPP4 inhibitors
[92]. In another study, the difference in COVID-19 mortality
rate in patients getting different glucose-lowering agents,
including GLP-1RA has been shown, however, to draw a firm
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Figure 1. Comparison of the effects of GLP-1RA and SARS-CoV-2 on the 1-Pancreatic cells 2 — Cardiovascular system and 3 — Respiratory system: Anti-inflammatory
effects of GLP-1RA such as inhibition of NF-?B pathway and reduction of pro-inflammatory cytokine production in comparison with the inflammatory and apoptotic
effects of SARS-CoV-2 on various organs of the body mediated by pro-inflammatory cytokines through NF-?b pathway and caspase activity.

Abbreviations: GLP-1RA: glucagon-like peptide receptor agonists; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; NF-?B: nuclear factor kappa-light-chain-enhancerof

activated B cells; IL-1?: interleukin-1 beta; TNF-?: tumor necrosis factor alpha; Bcl-2: B-cell lymphoma 2; ANP: atrial natriuretic peptide; PKC: protein kinase C; NADPH: nicotinamide
adenine dinucleotide phosphate; ROS: reactive oxygen species; IL-6: interleukin 6; TGF-?: transforming growth factor beta; COVID-19: coronavirus disease 2019; IFN-?: interferon gamma;

RIPK3: receptor-interacting protein kinase-3.

conclusion and to identify the confounding factors, conduct-
ing more detailed clinical studies is necessary [93].

In general, although GLP-1RA is a well-known glucose
modulating medications for diabetic patients, it is necessary
to recognize its further potential benefits in the treatment and
control of other comorbidities and metabolic disorders,
besides its implications in the treatment of both acute and
chronic phases of SARS-CoV-2 during the COVID-19 pandemic.

11. Expert opinion

Considering the fact that there is no definitive medication to
treat the COVID-19 infection, conducting different studies to
discover promising targets for designing and/or repurposing
proper medications are necessary.

Given the promising results of GLP-1RA due to their anti-
inflammatory and protective effects in combating the devel-
opment of ARDS and AKI in animal studies, designing clinical
trials to evaluate the effectiveness of different of GLP-1RA is of
interest. For instance, liraglutide and dulaglutide, such as GLP-
1RA, and different classes of DPP-4 inhibitors, including sita-
gliptin and saxagliptin are potential candidates to be evalu-
ated in further clinical investigations to determine whether
they could be a choice for medication regimens in the acute
phase of COVID-19 infection. In addition, glucose homeostasis
is disturbed in critically ill patients in the phase of severe
inflammatory response syndrome (SIRS) and sepsis.
Therefore, since it could cause reinforcing loops in exacerbat-
ing patients’ conditions, further investigation concerning the
effects of GLP-1RA in controlling glucose homeostasis in

critically ill patients is necessaryin particular, during the
COVID-19 pandemic.

It should also be noted that a large number of individuals
have been infected with SARS-CoV-2 so far, and a percentage
of them have experienced severe forms of the disease; there-
fore, a long-term view and attention to the chronic conse-
quences and late-onset complications of the disease is
important. In line with this, long-term pulmonary complica-
tions, especially IPF, that may be considered as a result of
severe SARS-CoV-2 infection remained to be addressed. As
mentioned earlier in the manuscript, previous studies on the
animal models showed the anti-fibrotic effects of GLP-1RA in
addition to their capability of stimulating the surfactant pro-
duction. In this regard, evaluating the effectiveness of GLP-
1RA in extended clinical trials, especially at this critical time of
the pandemic, is needed to prevent or ameliorate the future
burden of the disease.

However, in addition to the therapeutic effects of GLP-1RA
in patients with COVID-19, it is also important to evaluate the
effectiveness of GLP-1RA in controlling comorbidities and risk
factors influencing the development of chronic inflammation
in vulnerable individuals. In this regard, it is important to have
a systematic approach to metabolic diseases, such as DM and
atherosclerotic disorders. Accordingly, alongside controlling
the blood sugar level, monitoring, and controlling the devel-
opment of associated comorbidities such as NAFLD and obe-
sity should be considered in the management of these
patients. Therefore, we may be able to help attenuating the
burden of the late-onset medical sequelae of the COVID-19
pandemic.



In general, from the authors’ point of view, GLP-1RA could
be effective in different phases of COVID-19 infection. Before
exposure to the virus, GLP-1RA is potentially effective in
improving the prognosis of patients by controlling risk factors
that could contribute to the development of detrimental
comorbidities. In the acute phase of the disease, the effective-
ness of these therapeutic agents in acute lung injury along
with controlling the blood sugar homeostasis is probable.
Finally, according to conducted animal studies that show the
protective effects of GLP-1RA in fibrosis formation, considering
GLP-1RA as potential treatment candidates in this phase of
COVID-19 infection might be reasonable. In this regard, further
detailed and extended studies with the aim of evaluating the
characteristics and possible side effects of different GLP-1RA
and DPP-4 inhibitors in the context of SARS-CoV-2 treatment
are required. In addition, discovering highly effective types of
GLP-1RA, which could be more specifically suitable for each
phase of the SARS-CoV-2 infection, is of interest.
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