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Abstract
People with chronic diseases represent a population at major risk of infection and complications from Sars-Cov-2 (COVID-19).
Diabetes represents one of the most important comorbidities related to the severity of viral infection caused by the new Sars-Cov-
2. Diabetes patients have a higher risk of serious complications caused by Sars-Cov-2 infection, such as severe acute respiratory
syndrome, a hyperinflammatory state associated with multi-organ dysfunction. Given the importance of the link between
COVID-19 and diabetes, it is essential to better manage glycemic normalization and infection in this category of patients to
avoid serious complications. However, for some antidiabetes agents, there is evidence of efficacy against Sars-Cov-2 extra
glycemic normalization. The objective of this article is to provide an overview of the potential therapeutic benefits to fight
Sars-Cov-2 infection with antidiabetic agents.
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Introduction

COVID-19 Infection

The global pandemic caused by the new Sars-Cov-2 (COVID-
19), recorded its first cases in China in November 2019, and
within a few months, became a worldwide problem,
representing a health emergency with few precedents in human
history. As of now, 5.8 million positive cases and 360,000
deaths were recorded with over 250 countries affected [1].
COVID-19 infection is divided into three phases, the first
slightly symptomatic or asymptomatic, the second and third
more severe, with increased inflammatory status and cytokinic
cascade causing multi-organ dysfunction resulting in fatal lung
injury. Studies have shown that people with pre-existing chron-
ic diseases such as diabetes are at increased risk of infection and
serious complications. To date, there are no direct antivirals and
effective vaccines against Sars-Cov-2 [2, 3].

COVID-19 and Diabetes Mellitus

Diabetes is an important risk factor for viral, bacterial, and
fungal infections. During the current global COVID-19 pan-
demic, diabetes has been identified as a primary risk factor for
the development of severe Sars-Cov-2 viral infection pneumo-
nia. Epidemiological data show that the risk of a fatal outcome
of COVID-19 is up to 50% higher in patients with diabetes
than in those without diabetes. There are many factors that
may increase the risk for diabetes patients with COVID-19;
among them, the presence of a deficient immune system, a
dysfunctional coagulation cascade, a hyperactive inflammato-
ry state, in the elderly patient with diabetes, there is also al-
most always a cardiovascular disease that could explain the
more severe outcome of COVID-19 infection. In addition, the
Sars-Cov-2 virus uses the angiotensin-converting enzyme 2
(ACE2) protein to enter the lung epithelial cells [4–6].
ACE2 has protective effects especially with regard to inflam-
mation of the respiratory tract. COVID-19 infection in the
most severe phases (two and three) reduces the expression of
ACE2; this is one of the causes of hyperinflammation and
respiratory failure. In the diabetic patient, ACE2 expression
is altered, and this may cause an even more complicated clin-
ical situation in the COVID-19 patient; moreover, the viral
infection itself may cause a worsening of the diabetic disease
with a glycemia that is difficult to control. [7–9] Another
fundamental aspect to consider is that the DPP-4 protein (ther-
apeutic target of gliptins) has been identified as a functional
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receptor for the virus responsible for MERS [10], and to date,
it is not certain whether it is also a functional receptor for Sars-
Cov-2. In patients with diabetes, the expression of DPP-4 is
altered and is responsible for overactive inflammation, which
could further complicate the clinical situation [11]. Based on
the considerations expressed, it emerges that the management
of the patient with diabetes and COVID-19 positive is ex-
tremely delicate. The recommendations indicate that drug
treatment for diabetes should not be discontinued during viral
infection, if there are no particular contraindications; however,
for some of them, there is evidence in the literature that shows
their potential additional therapeutic role against COVID-19
infection.

Antidiabetes Agent and Potential Therapeutic
Role against COVID-19

Some antidiabetes drugs have shown pleiotropic activity
added to the glycemic normalization (Table 1); these pieces
of evidence of efficacy have been confirmed by in vitro stud-
ies and on epidemics similar to COVID-19, such as SARS and
MERS; if these pieces of evidence will be confirmed by clin-
ical and epidemiological data for the current pandemic, they
may represent additional weapons to fight COVID-19 infec-
tion in the diabetic patient [12].

Metformin

It is now known that in the most severe stages of COVID-19
infection, an overactive and uncontrolled inflammatory sys-
tem triggered by an uncontrolled cytokinic cascade is respon-
sible for multi-organ dysfunction and fatal lung injury. The
use of metformin has shown a decrease in inflammatory
markers through different modes of action. Evidence has
shown that metformin causes a decrease in the production of
reactive oxygen species (ROS) by inhibition of nicotinamide
adenine dinucleotide phosphate NAD(P)H) oxidase and the
respiratory mitochondrial chain; other studies have suggested

that metformin suppresses inflammatory response by inhibi-
tion of nuclear factor κB (NFκB) through pathways dependent
on AMP-activated protein kinase (AMPK) and through the
blockade of 3-kinase phosphoinosis (PI3K)-Akt [13]. Other
studies have shown that metformin reduces the production of
NO, prostaglandin E2 (PGE2), and pro-inflammatory cyto-
kines (interleukin (IL)-1β, IL-6, and tumor necrosis factor
(TNF)-α) by inhibition of NfκB activation in macrophages.
Finally, there is evidence that metformin also suppresses in-
flammatorymediators specifically in lung tissue [14] damaged
by viral infections such as SARS and MERS; however, its use
in severe patients with COVID-19 should be carefully
assessed in light of the risks of lactic acidosis in patients with
renal dysfunction, which may be present in more severe
COVID-19 cases [15]. Metformin use has shown a decrease
in inflammatory markers in patients with SARS and MERS,
but seems to have an additional advantage on viral infections,
particularly on hepatitis C virus (HCV) [16, 17] and RNA
viruses such as Sars-Cov-2. In addition, according to studies,
metformin therapy reduces liver fibrosis in HCV patients [18];
therefore, a protective role on the liver could be hypothesized
even in the most severe stages caused by Sars-Cov 2 infection.

Gliptins

The DPP-4 protein has several actions; in particular, it plays an
important role in immune regulation by activating T cells and
upregulating CD86 expression and NF-jB pathway, and it is
responsible for increasing inflammation in patients with diabe-
tes. It should also be emphasized that the enzymatic activity of
DPP4 causes cleavage and may affect the function of several
cytokines, chemokines, and growth factors. Some studies have
suggested that a higher mortality rate and complications in peo-
ple with diabetes and infected with MERS-CoV may be asso-
ciated with a dysregulated DPP4-mediated immune response.

DPP4 inhibitors (sitagliptin, vildagliptin, saxagliptin, etc.)
are drugs of undoubted therapeutic efficacy in the treatment of
diabetes. Recently, this class of drugs has been associatedwith
pleiotropic therapeutic benefits that go beyond their lowering
of glucose. However, the effects of DPP4 inhibition on the
immune system and inflammation are controversial and not
fully understood.

However, a recent meta-analysis has shown that upper re-
spiratory tract infections do not significantly increase with
DPP-4 inhibitory treatment. Another aspect to consider is that
the DPP4 protein is expressed in many cells including alveolar
epithelium and inflammatory cells. MERS-CoV uses DPP IV
to enter host cells [19], but it is not knownwhether Sars-Cov-2
also uses the same protein to enter the cell, in addition to ACE-
2. If this is demonstrated, the use of gliptins could decrease the
risk of Sars-Cov-2 infection but this has not been demonstrat-
ed so far. The potential benefit in the treatment of Sars-Cov-2
infection with DPP IV inhibitors remains to be further

Table 1 Agents antidiabetes and pleiotropic activity added to the
glycemic normalization

Antidiabetes agents and extra “glycemic regulation” effects against
COVID-19

Metformin Anti-inflammatory

Gliptins Anti-inflammatory

GLP-1RA Anti-inflammatory

Pioglitazone Reduce pro-inflammatory cytokines

SGLT2 inhibitors Reducing lactate levels

Sulfonylureas Improvement in platelet function
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investigated. To date, it is not totally clear whether DPP IV
inhibition may play an important role in controlling the in-
flammatory status in patients with diabetes and COVID-19
infection; however, it may represent a potential target to pre-
vent and reduce the risk and progression of acute respiratory
tract complications that the patient with diabetes may add to
COVID-19 infection [20].

GLP-1RA

Similar to metformin, the effects of reducing inflammatory
markers are also known for GLP-1RA; these well-known
antidiabetes drugs have also shown potential therapeutic ben-
efit in acute lung injury [21]. Recent studies have also shown
that GLP-1 agonists possess anti-inflammatory and antiprolif-
erative functions. In vitro studies have also shown that an
agent belonging to the GLP-1RA class such as exenatide sig-
nificantly increased the level of IL-10 and decreased both
TNF-α and IL-1β in monocytes/macrophages [22]. In addi-
tion, the exenatide increased and reduced the LPS-induced
expression of iNOS. However, the available data are limited
to experimental models and their benefit is still to be studied.

Pioglitazone

Pioglitazone belongs to thiazolidinediones (TZD) drugs, used
for many years for the treatment of diabetes. Evidence has
shown that pioglitazone can have an anti-inflammatory effect
as it has been tested through the high-sensitivity reactive C
protein within a short time after the start of therapy. In particu-
lar, it has been shown that pioglitazone (30–45 mg/day for
3 months) can reduce IL-6 and TNF, and after 4 months of
therapy (45 mg/day), treatment with pioglitazone reduced the
monocyte gene and protein expression of IL-1b, IL-6, and IL-8
and lymphocyte IL-2, IL-6, and IL-8. It has also been reported
that pioglitazone inhibits the secretion of pro-inflammatory cy-
tokines (e.g., IL-1b, IL-6, and IL-8) and may increase the anti-
inflammatory ones (e.g., IL-4 and IL-10) in astrocytes [23].
Finally, pioglitazone has been reported to have a direct effect
in reducing inflammation and pulmonary fibrosis [24].

SGLT2 Inhibitors

Sodium-glucose inhibitor drugs cotransporter-2 (SGLT2) are
very effective in the treatment of diabetes and heart-related
problems. SGLT2 inhibitors have been reported to prevent the
release of pro-inflammatory cytokines such as interleukin 6. In
addition, during Sars-Cov-2 infection, the level of serum lactate
dehydrogenase (LDH) increases; in fact, COVID-19 infection
can increase LDH in the bloodstream by disrupting organs and
cells, causing metabolic acidosis. In addition, elevated lactate
levels increase the release of pro-inflammatory cytokines and
cellular oxidative stress. Dapagliflozin is an SGLT2 inhibitor

and has been shown to be effective in reducing lactate levels
[25]. Dapagliflozin can also prevent cell damage and death by
both increasing tissue oxygenation and decreasing lactate
levels. Dapagliflozin has been shown to have a cytoprotective
effect. In addition, SGLT2 inhibitors increase the level of
ACE2 which is known to play a protective role especially in
the more severe stages of COVID-19 infection [26].

Sulfonylureas

Sulfonylureas have also been shown to have anti-
inflammatory effects. In the most severe stages of COVID-
19 infection, and especially in patients with diabetes, there is a
dysfunction of coagulation and platelet aggregation, an im-
provement in platelet function, and reduced thromboxane ac-
tivation in the metabolic pathway have been reported for this
class of drugs [27].

Conclusions

The COVID-19 global pandemic represents one of the
greatest health challenges in human history. Patients with co-
morbidities such as diabetes may be at greater risk of compli-
cations if infected with COVID-19. The treatment of diabetes
in a COVID-19 patient must be carefully managed to avoid
serious adverse reactions, but for some drugs, there is evi-
dence of extrapancreatic pleiotropic effects and extra glycemic
normalization that can be an added value in the fight against
COVID-19 infection.
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