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The coronavirus disease 2019 (COVID-19) pandemic has recently emerged, which was
then spread rapidly in more than 190 countries worldwide so far. According to the World
Health Organization, 3,232,062 global cases of COVID-19 were confirmed on April 30"
with a mortality rate of 3.4%. Notably, the symptoms are almost similar to those of flu such
as fever, cough, and fatigue. Unfortunately, the global rates of morbidity and mortality
caused by this disease are more and still increasing on a daily basis. The rates for patients
suffering from inflammatory diseases like diabetes, is even further, due to their susceptibility
to the pathogenesis of COVID-19. In this review, we attempted to focus on diabetes to
clarify the physiological and immunological characteristics of diabetics before and after the
infection with COVID-19. We hope these conceptions could provide a better understanding
of the mechanisms involved in COVID-19 susceptibility and increase the awareness of risk
to motivate behavior changes in vulnerable people for enhancing the prevention. Up to now,
the important role of immune responses, especially the innate ones, in the development of
the worst signs in COVID-19 infection have been confirmed. Therefore, to better control
patients with COVID-19, it is recommended to consider a history of chronic inflammatory
diseases as well as the way of controlling immune response in these patients.

Keywords: COVID-19, diabetes, ACE2, chronic inflammatory disease, immune responses

INTRODUCTION AND EPIDEMIOLOGY OF COVID-19

In December 2019, an unknown pneumonia was identified in Wuhan, China. In past years, two
pneumonia-related to coronaviruses have been appeared with the name of severe acute respiratory
syndrome coronavirus (SARS-CoV) in 2002 and as Middle East respiratory syndrome coronavirus
(MERS-CoV) in 2012, which infected nearly 8,422 and 1,600 people and resulted in 916 and 574
individuals’ death, respectively (1, 2). Chinese scientists identified new coronavirus on January 7" as
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SARS-CoV-2 (3). Afterward, the World Health Organization
(WHO) in February 2020 named it coronavirus disease 2019
(COVID-19) (4). The clinical spectrum of SARS-CoV-2 is
similar to SARS, which includes systemic infection, respiratory
tract involvement, and pneumonia associated with respiratory
failure and eventually death (5). Moreover, the most important
symptoms of this infection are fever, cough, and fatigue. COVID-19
has been rapidly spread in more than 200 countries worldwide and
the rates of its morbidity and mortality are globally increasing on a
daily basis. In this regard, WHO has reported 3,232,062 cases of
COVID-19 up to April 30™ 2020 and confirmed 3.4% mortality rate
worldwide. These mortality rates vary due to geographical location,
age, and other factors in different countries (6). The comorbidity of
chronic diseases such as hypertension, diabetes, and cardiovascular
and respiratory diseases can increase the risk of severity and
mortality in a way that these susceptibilities can be associated
with the pathogenesis of COVID-19 infection. Notably, chronic
diseases have several common features such as inflammatory state,
immune response complications, and a higher susceptibility to
infectious diseases. In a systematic study performed in February
25, 2020 on 46,248 patients, the average age to be affected by
COVID-19 was shown 48 years old with the clinical symptoms of
cough (86-97%), fever (59-76%), fatigue (34-68%), and shortness
of breath (21-40%). Moreover, in terms of comorbidity, the
prevalence rates for severe COVID-19 were as follows:
hypertension (22-24%), diabetes (6-11%), cardiovascular disease
(4-7%), and respiratory system diseases (1-3%), which are higher
compared to non-severe patients (7). In another study conducted on
1,527 COVID-19 patients with chronic diseases, the comorbid
conditions were hypertension (17.1%), cardiovascular disease
(16.4%), and diabetes (9.7%) (8). In addition, on 637 MERS-CoV
patients, a 50% prevalence rate for both diabetes and hypertension
was verified (9). Out of 41 cases of COVID-19 in Wuhan-China,
20% of patients had diabetes comorbidity (10). Therefore,
comorbidity of diabetes mellitus is one of the most common
COVID-19-related death responsiveness. Since understanding the
causes of high susceptibility to COVID-19 can guide the vulnerable
population to evaluate the infection risk and sever outcomes, the

aim of this study is to review the role of diabetes in facilitating the
improvement of COVID-19.

DIABETES AND COVID-19

Diabetes as a complex metabolic and maybe an inflammatory
disorder is characterized by hyperglycemia. If hyperglycemia
prolongs for a long time, pro-inflammatory responses can be
triggered, especially in macrophages. This can enhance the risk of
diabetes-associated complications (such as cardiovascular and
heart diseases), and being infected and seriously ill from
infections (11). Diabetes is pathologically classified into type 1
(T1D) and type 2 (T2D). However, regardless of the type of
diabetes, the severity of illness differs according to the age,
complications, and how well it is controlled. It has been
documented that old aged patients with pre-existing
comorbidities (obesity, hypertension, heart disease, etc.),
uncontrolled diabetes, and high inflammatory factors are more
disposed to severe illness from COVID-19 and even display a high
mortality rate from it (12). However, the interaction between
diabetes and COVID-19 is reciprocal. As people with diabetes are
more susceptible to COVID-19, infection with SARS-CoV-2 also
can exacerbate the dysglycemia, inflammatory responses, and
diabetic complications such as diabetic ketoacidosis (13) and
hypokalemia, which increase the risk of being critically ill (14).

On the other hand, obesity as a general comorbidity with
diabetes, improves the systemic chronic inflammation by
affecting the both innate and adaptive immune systems as well
as the level of IL-6 and even TNF-o (15). It has been indicated
that both diabetes and obesity can prompt the cytokine storm
(16) and also impair the coagulation system and thrombotic
mechanisms (17), which are also identified in COVID-19 (18).
Therefore, infection with SARS-CoV-2 in these patients can
exacerbate the pre-existent pro-inflammatory condition, which
in turn can improve the cytokine storm as well as several organ
dysfunctions. Therefore, the following guidelines (Table 1) are
recommended to be considered in patients:

TABLE 1 | Regarding for Diabetics and people with chronic diseases before and during comorbidity with COVID-19.

Subject Description Subject Reference

Hyperglycemia Hyperglycemia can increase the risk of severe outcomes resulting from COVID-19, the length of hospitalization, and even the risk of (19, 20)
death, which can be reduced by glycemic control.

Nutrition Due to the same nutrition of comorbidity diabetic patients with COVID-19 and other COVID-19 patients, careful attention should be paid 21)
to nutrition, minerals, proteins, and vitamins in these patients.

Exercise Lack of exercise can reduce the immune response of these patients; therefore, a proper indoor exercise is needed to regulate and (22)
strengthen the immune system in the patients affected by COVID-19.

Vaccination Because of similarities in the functional mechanism of both flu and COVID-19 infections, vaccination may reduce the risk of COVID-19. (23-25)
This suggestion is supported by a study performed on 91,605 diabetics after the flu vaccination, and reported a reduction in the
prevalence rate of pneumonia by 55% in patients over the age of 65 years old and by 43% in those under the age of 65 years old.
COVID-19 also has some flu-like complications (such as fever, cough, and fatigue), which may be reduced to some extent by flu
vaccination.

Stress Stress in comorbidity diabetic patients with COVID-19 increases blood sugar level and exacerbates mortality in these patients. Therefore, (26-28)
anxiety and stress should be controlled and also reduced.

Pancreatic Pancreatic tissue is known as a potential target for viral in patients, leading to the impaired glucose metabolism. In COVID-19, damage (29, 30)

tissue to this tissue is better to be considered.
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ASSOCIATION BETWEEN ANGIOTENSIN-
CONVERTING ENZYME 2 AND COVID-19

Angiotensin-converting enzyme 2 (ACE2) is a membrane
aminopeptidase presented on the surface of cardiovascular,
kidney, intestinal, immune, and lung endothelial cells. ACE2
can degrade angiotensin II and produce angiotensin 1-7.
Angiotensin 1-7 unlike angiotensin II has anti-oxidant, anti-
fibrotic, and anti-inflammatory properties as well as vasodilatory
activity. Therefore, ACE2 can protect the lung from severe
respiratory injuries like acute respiratory distress syndrome
(ARDS) caused by COVID-19. ACE2 is also identified as a
functional receptor and target for SARS-CoV and SARS-CoV-2
(31, 32). Correspondingly, the molecular modeling has revealed
some similarities between these two coronavirus receptors (33).
Thus, one way of viral infection is the pneumonia caused by the
binding of virus to ACE2 on the surface of lung epithelial cells
(18). Throughout SARS-CoV-2 entrance, ACE2 becomes
downregulated, which consequently results in a high ACE/
ACE?2 ratio contributing to the progression of pre-exciting pro-
inflammatory responses and subsequently worsen outcomes
from COVID-19 (34). Indeed, the expression of ACE2
becomes down regulated in diabetics as a consequence of the
glycosylation process, which might be considered as a
contributory factor for the severity of lung complications in
comorbidity with SARS-CoV-2 invasion (35). Likewise, the ratio
of ACE/ACE2 is found to be significantly higher in diabetics
compared to healthy controls. Moreover, the relationship among
ACE/ACE2 level and the increased blood pressure, fasting blood
glucose, serum creatinine, and hemoglobin Alc (HbAlc) has
also been demonstrated (36). As a result, it seems that there is a
correlation between ACE?2 level and susceptibility to COVID-19
in diabetic, which is highly debatable, so it should be considered
in these patients.

IMMUNE CELLS IN DIABETIC PATIENTS

The balance among immune cells is essential for preserving
homeostasis and the best performance of immune responses,
however this balance can be impaired in diabetics. Several studies
have revealed the increased pathological function of TCD4 cells
in obesity, insulin resistance, and diabetes. TCD4 effector cells
can be divided into inflammatory [T helperl (Thl) and Th17)
and anti-inflammatory (Th2 and regulatory Th (Treg)] cells with
their specific cytokine secretions (37). It has been demonstrated
that in adipose tissue and peripheral blood of diabetic patients,
CD4 cells tend to be polarized into Thl and Th17 inflammatory
cells. However, the anti-inflammatory polarization of Th2 and its
secreted cytokines (IL-4, IL-5, and IL-13) is reduced (37, 38).
Moreover, in diabetes, it has been found that the Th1/Th2 ratio
and the level of the related cytokines (IL-4, IL-10, IL-13, and
IFN-y) become remarkably high, whereas the anti-oxidant level
decreases (39). On the other hand, it has been proved that the
increased cytokine production by Thl (IFN-v, IL-2, TNF-c, and

TNE-B) and Th17 (IL-6, IL-17A, and IL-17F) in diabetics can
affect the HbAlc level (40).

Treg as a regulator of immune responses, constitutes about 5-
20% of overall CD4 cells which is characterized by CD4, CD25,
and Foxp3. Moreover, Treg plays a very essential role in
suppressing T effector cells, inflammatory responses, and
protecting against autoimmunity (41, 42). The activation of
these cells leads to the secretion of IL-10, and TGF-f3 as well as
the expression of co-inhibitory molecule cytotoxic T lymphocyte
antigen-4 (CTLA-4) on their surface in order to inactivate the T
effector cells. It has been shown that Treg is decreased in diabetes
(43). Furthermore, the balance between Treg and Th1 or Th17 is
very important in diabetic patients. Because, the balance between
Treg/Th17 and Treg/Thl ratio decrease in patients suffering
from T2D (44). T CD8" is also activated against infection and by
releasing IFN-y and TNF-o cytokines, which consequently
increases the antiviral responses. However, an elevation in the
level of T CD8" has been verified in diabetes (45).

Gamma delta T (Ty9) cells also play an important role in
generating chronic inflammation by secreting cytokines (like
IFN-vy and TNF-o) and affecting the function of other immune
cells such as macrophages, cytotoxic T lymphocytes, Th1, Th2,
Treg, and Th17 cells in the diabetics (46). It has been proved that
natural killer t (NKT) cells which produce some cytokines such
as IL-4 and IFN-yare decreased in diabetic patients. Reduction of
NKT cells leads to increase in the level of M1 macrophages,
insulin resistance, and glucose intolerance (47). In addition, the
enhancement of B cells, which play key roles in the development
of insulin resistance following the production of IgG, activations
of macrophages and T cells have been demonstrated in diabetes
(48). NK cells, as a type of immune cells are divided into the
following two subsets based on CD56 marker: dim and bright.
CD56%™ NK cells have cytotoxic effects, while, CD56""8" ones
are more likely to produce pro-inflammatory cytokines. In
chronic inflammatory diseases like diabetes, CD56°"8"" NK
cells are dominant which, release more inflammatory
cytokines (49).

Changes in the myeloid cells such as macrophages,
monocytes, neutrophils, eosinophils, and basophils happen in
diabetic patients as well. It has been revealed that most
macrophages in the adipose tissue of diabetics are M1
macrophages, which play key functions during the pathological
processes by secreting TNF-o and triggering chronic
inflammation in these patients (50). Additionally, the elevation
of monocytes, as effective cells on the reduction of neutrophils
and eosinophils numbers as well as on the development of
inflammation is perceived in diabetics (51, 52). This imbalance
in the immune system of diabetics increases their susceptibility
to viral pneumonia as shown in Figure 1. An obvious pro-
inflammatory Thl and Thl7 responses was detected in the
cytokine profile of SARS patients with diabetes. Similarly a
significant increase has been identified in IFN-y and IL-17A
level in the lungs of patients infected with MERS-CoV and
diabetes (53, 54). Therefore, it seems that any imbalance in the
immune responses can increase people’s susceptibility to
viral infections.
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FIGURE 1 | Immunological alteration in diabetic patients. Immune responses change during diabetices. Changes in innate immunity include: increase in the plasma
levels of macrophages, NK cells and eosinophils, as well as their secreted cytokines with a reduction in the number of neutrophils. Moreover, adaptive immunity
changes included: enhancement in Th1, Th17, TCD8" cells, and released cytokines whereas reduction in Th2, Treg, and NKT cells.

IMMUNE RESPONSE IN
COVID-19 INFECTION

Immune responses to COVID-19 can be divided into two phases
as follows: non-severe and severe. At non-sever response,
immune system tries to eliminate the virus by IFN-I (o/) and
avoids the stage’s progression to the severe phase. At severe
response, inflammation arises in the lung, which may be due to
impaired IFN-I regulation. Overproduction of IFN-I increases
the penetration of neutrophils, macrophages, and inflammatory
factors into the lung, which is then followed by cytokine storm
syndrome, as well (Figure 2). Since chronic inflammation is
generated in the body of patients with chronic diseases like
diabetes, the balance of the immune system becomes dis-
regulated and the inflammatory state potentially perseveres. In
this situation, the numbers of Th1, Th17, M1 macrophage, NK
cells (most in the affected area are probably CD56""8"") and their
secreted inflammatory cytokines increase. Moreover, the
negative regulation of Treg and its secreted cytokines is
decreased, which result in the loss of control and homeostasis
of immune responses. All of these can heighten the diabetic
patients’ susceptibility to severe COVID-19. On the other hand,
SARS-CoV-2 invasion to lung enhances the influx of activated
neutrophils and macrophages. An increase in the content of
activated immune cells at the site of infection and their released
inflammatory cytokines triggers cytokine storm. Subsequently,
serious pathological complications induced in the patients’ lung
can worsen the illness from COVID-19 and even terminate the
life. This phenomenon is supported by some clinical studies.
Accordingly, experimental findings of a study on patients with
severe COVID-19 infection in China showed an elevation in
neutrophils level and reduction in lymphocytes, monocytes,
eosinophils, and basophils, which are followed by a sharp

increase in the pro-inflammatory cytokines profile. Besides, the
B, T, NK cells, and Treg depletion have been observed in patients
compared to normal cases (55). Moreover, there was an increase
in the plasma levels of IL-2, IL-7, IL-10, GCSF, interferon
gamma-induced protein 10 (IP-10), monocyte chemoattractant
protein-1 (MCP-1), macrophage inflammatory protein 1-alpha
(MIP1-0t), and TNFo in ICU patients (10). High concentrations
of IL-1f, IFN-y, IP-10, and MCP-1 in COVID-19 patients have
also been detected (10, 56). Notably, patients who were in the
ICU had higher inflammatory factors (that can be associated with
cytokine storm in severe patients) compared to other patients.
These clinical findings indicated that lymphocytopenia in
COVID-19 patients may be due to cytokine storm (IL-1, IL-6,
and TNF-o) as well as pathological effects of leukocytes and
macrophages. Overall, it can be suggested that innate immune
responses are extremely involved in COVID-19 infection and
these points can be considered for the treatment of COVID-19
patients with co-existence of other diseases to better control the
innate immune responses.

THE EFFECTS OF SOME ANTIDIABETIC
DRUGS ON COVID-19

Considering the above-mentioned main points stating that the
immune cells pattern changes to pro-inflammatory one with
high level of IL-1 and TNF-o. during a long-term hyperglycemia
and regarding amplified immune responses to SARS-CoV-2
invasion in the lung of COVID-19 patients, this question arises
that whether antidiabetic drugs with anti-inflammatory, anti-
fibrotic, and anti-oxidant effects can be beneficial on prevention
from infection with SARS-CoV-2 and even suffering from severe
consequence of COVID-19.
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FIGURE 2 | Immune response in COVID-19 infected people. The immune responses against COVID-19 infection are divided into two phases: non-severe and
severe ones. In the non-sever stage response, activated T cells and macrophages release IFN-I (o, B) to remove the virus and prevent entry to severe phase. In
the severe stage of infection, inflammation occurs in the lung which may increase the penetration of neutrophils, macrophages, Th1, Th17, B cells, and NK
(CD56b”9h‘) cells with their secreted pro-inflammatory cytokines (IL-1, IL-6, and TNF-o) into the lung. This is followed by cytokine release syndrome and

pneumonia in the lung.

In this regard, several considerable theories are proposed for
ACE inhibitors (ACEIs), angiotensin II Type-I receptor blockers
(ARBs), and dipeptidyl peptidase 4 (DPP4) inhibitors (57).
Accordingly, ACEIs and ARBs are used in patients with diabetes
to prevent the risks of developing diabetes and organ failure. As a
result of taking, ACE2 becomes over-expressed in these patients
(58). Therefore, due to anti-inflammatory/anti-oxidant/anti-
fibrotic and other promising effects of ACE2, it is suggested that
the increased ACE2 may preserve them from sever outcomes of
COVID-19 infection. However, there is a fear from their
unfavorable impacts as well. Because, over-expressed ACE2 may
also facilitate infection with SARS-CoV-2 (due to its receptor
role), as displayed in Figure 3 (13).

On the other hand, DPP4 inhibitors, as effective hyperglycemic
drugs, are frequently used in diabetes. Their biological effects is not
only limited to glucose metabolism, but also the anti-inflammatory
and anti-fibrotic, impacts of DPP4 inhibitors on various cells have
also been proved (59). DPP4 is highly expressed on lung
mesothelium and various lung cells (such as alveolar cells, resident
macrophages) as well as multiple immune cell types (such as
macrophages, T cells, B/NK, and dendritic cells) (60). Thus, it is
logical to assume DPP4 effect on their functions (57). In addition,
DPP4 possesses a pro-inflammatory function by stimulating
monocytes to produce IL-6 and TNF-o. Therefore, DPP4
inhibitors can also be verified as anti-inflammatory agents (60).
Accordingly, their anti-inflammatory and protective impacts have
been confirmed in mice and human lung injuries (61). Moreover, it
is demonstrated that DPP4 inhibitors display their positive anti-
inflammatory effects by reducing the high level of pro-inflammatory
factors such as TNF-a, as well as elevating anti-inflammatory IL-10

in T2D patients (Figure 3) (62). Therefore, DPP4 inhibitors exert
their anti-inflammatory functions on different cell types such as
macrophages, T cells, and lung cells. In addition, it seems that DPP4
inhibitors have some anti-fibrotic effects on the lung by affecting the
proliferative and inflammatory-signaling-pathways of human
pulmonary arterial smooth muscle cells and fibroblasts (63).

As a result, considering the promising inflammatory and
immunological impacts of DPP4 inhibitors, they might be
beneficial on modulating immune and inflammatory responses in
the respiratory system of COVID-19, which are abnormally
amplified to minimize the severity of illness and its mortality rate.
On the other hand, it is suggested that DDP4 4 inhibitors could
reduce the SARS-CoV-2 internalization/replication within the
airway due to the estimated co-receptor role of DPP4 (64). In this
regard, more clinical data are required to confirm these findings.

CONCLUSION

In chronic inflammatory diseases like diabetes, the proliferation,
differentiation, distribution, and function of both the innate and
adaptive immunities become dysregulated and the immune
homeostatic balance becomes disrupted. Accordingly, these in
turn make patients more susceptible to be infected with SARS-
CoV-2, severe outcomes, and the increased mortality rate
resulted from it compared to people without it. Since the
activation of innate and adaptive immune responses plays an
essential role in severity of symptoms and the risk of mortality
from COVID-19, all efforts attempt to reduce the incidence and
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Probable protective effects of some antidiabetic drugs
(ACEI ARB and DPP4 inhibitors) in COVID-19
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FIGURE 3 | The possible protective effects of angiotensin-converting enzyme inhibitors (ACEIs), angiotensin Il Type-I receptor blockers (ARBs), and also dipeptidy!
peptidase 4 (DPP4) inhibitors as antidiabetic drugs in COVID-19. (A) Usage of ACEls and ARB lead to over expression of ACE2. Overexpressed ACE2 can degrade
angiotensin Il and lead to the production of angiotensin 1-7 with favorable (anti-oxidant, anti-fibrotic, anti-inflammatory, and vasodilatory) effects in COVID-19. Its anti-
inflammatory function can be related to the reduction in chemokines (MCP-1 and IL-8) and pro-inflammatory cytokines (TNF-a., IL-1B, IL-6, and IL-12) as well as
increase in anti-inflammatory cytokines (IL-10) in the lung. However, the increased ACE2 can facilitate infection with SARS-CoV-2. (B) DPP4 inhibitors exert their anti-
inflammatory impacts in the lung through regulating multiple immune cells function and anti-fibrotic effects by influencing fibroblasts and myofibroblasts activities.
These effects may result in the decreased lung injury and mortality rate in COVID-19.

death rates. In this regard, we tried to focus on diabetes to clarify
the physiological and immunological characteristics of diabetic
patients once before and once after infecting with COVID-19.
We hope it could provide better understanding on inflammatory
mechanisms to better control the immune responses and its
consequences in COVID-19.
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