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Abstract
Background: The recent pandemic of coronavirus disease 19 (COVID-19) has been causing intense stress among the
global population. In the case of hospitalized and ICU-admitted COVID-19 patients with comorbidities, it has been
observed that a major portion of them are diabetic. Therefore, researchers had indicated a link between diabetes
mellitus (DM) and COVID-19. Furthermore, DM is a potential risk factor for the severity of COVID-19 cases. Thus, in this
study, the correlation existing between diabetic patients and COVID-19 was summarized.
Main body of the abstract: Diabetic patients have a weaker immune system, less viral clearance rate, malfunctions
of metabolic activity due to their high blood glucose level, and other associated problems. This does not increase the
susceptibility for the patients to be infected with COVID-19. However, the severity of COVID-19 can worsen due to the
comorbidity of DM.
Short conclusion: Proper management, appropriate use of drugs that do not increase the ACE2 expression, lower‑
ing blood glucose level, decreasing the susceptibility of SARS-CoV-2, and maintaining a healthy lifestyle could be
effective.
Keywords: Diabetes mellitus (DM), COVID-19, ACE2
Background
The SARS-CoV-2 (severe acute respiratory syndrome;
for this, epidemiological findings, clinical manifestation, signs and symptoms, risk factors, management,
and treatment were analyzed to conclude coronavirus
2) virus first emerged in Wuhan, China, back in December of 2019, which then started to spread in many countries from its site of origin [1]. In March of 2020, WHO
(World Health Organization) named the disease COVID19 (coronavirus disease 19) caused by highly contagious
SARS-CoV-2 and declared the outbreak as a global pandemic. Since then, this respiratory disease-causing virus
was reported to spread across more than 188 countries,
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where approximately 157,690,329 cases were confirmed
till May (source: Johns Hopkins University Coronavirus
Resource Centre: https://coronavirus.jhu.edu/map.html).
This is the third time a virus from the Coronaviridae family has been transmitted from animal sources and caused
respiratory-related disease in the human population. The
first coronavirus-related outbreak called SARS (severe
acute respiratory syndrome) was caused by SARS-CoV
(severe acute respiratory syndrome-related coronavirus) during 2002–2004. Later, the second pandemic was
caused by the MERS CoV virus, which was the pathogen
for Middle Eastern respiratory syndrome (MERS) [2].
Based on the initial outbreak cases from China,
researchers found a link between COVID-19 with comorbidities [3]. Deng and Peng reported that 25.1% had at
least one underlying condition; concurrently hypertension (16.9%) and diabetes (8.2%) were two of the most
prevalent comorbidities [4]. This correlated data between
diabetes as a comorbidity for COVID-19 is concerning
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globally as diabetes has been considered the pandemic of
the 21st century due to the escalation of DM in the older
population and adolescents [5]. According to WHO,
2% of the global population, summing to approximately
65,666,000 people, were suffering from either form of DM
(type 1 and type 2 DM) in the year 2016. Data from 187
WHO member states were analyzed to deduce DM as the
8th leading cause of disability-adjusted life-year (DALY)
that jumped from the 15th rank of 2000’s DALY report
[6]. Apart from the large size of the vulnerable diabetic
community, the disease DM elevates the risk of harboring elevated symptoms or infection rate caused by SARSCoV-2. Firstly, diabetic patients are highly susceptible to
infection pathogens, and both DM1 and DM2 patients lie
in risked groups of forming mucous membrane infection
when exposed to causes [7]. Secondly, suppose diabetic
patients are exposed and infected by SARS-CoV-2. In that
case, there is a higher chance of a severe form of COVID19 as diabetic patients are observed to have a lower rate
of viral clearance and higher affinity of the pathogen to
cellular binding [8]. Apart from the independent risk factors, certain drugs like glucagon-like peptide-1 receptor agonists may increase the angiotensin-converting
enzyme 2 (ACE2) receptor numbers in organs like the
liver, leading to the higher affinity of SARS-CoV-2 as the
mentioned receptor is found to be responsible for the
viral binding [9].
Therefore, DM as comorbidity is significant for the
current COVID-19 pandemic as this large population is
easily affected and prone to harbor severe symptoms of
respiratory disease. In this context, simultaneous management of both conditions must be done for diabetic
COVID-19 patients. In addition, drug adjustment must
be done attentively as some of the DM-alleviating drugs
can elevate the physical damages caused by COVID-19.

Main text
Epidemiological findings linking DM and COVID‑19

As Zhou et al. indicated the risk of comorbidities in
COVID-19 manifestation [3], Wu et al. have described
DM as a particular risk factor for the severity and mortality of COVID-19 [10]. Despite the sample size of 24 subjects being a limitation for the study, Guo et al. deduced
that diabetic COVID-19 patients without any other
comorbidity were at risk for a severe case of pneumonia.
In diabetic and nondiabetic subjects’ case comparison,
diabetic COVID-19 patients had a higher level of most
COVID-19–indicating biomarkers (e.g., D-dimers, serum
ferritin, C-reactive protein, etc.) than the nondiabetic
subjects, as well as higher mortality rate (16% vs. 0%).
After the pandemic advanced, this supports the idea that
DM impedes an individual’s innate immunity by reducing leukocytic phagocytosis and cell-mediated immunity
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[11]. Later in another retrospective study consisting of
1561 COVID-19 patients, Qiao et al. found 153 patients
with DM as an underlying illness who suffered from a
higher mortality rate (20.3% vs. 10.5%, P = 0.017) than
age- and sex-matched nondiabetic COVID-19 patients.
Moreover, as a consequence, they required more intensive care indicating higher severity of COVID-19 in diabetics [12]. In another extensive multicentered cohort
of 7.337 studies based in China, 13% of the COVID-19
patients had preexisting DM [13]. Four vital observations of this comparative study between diabetic and
nondiabetic COVID-19 patients were (1) greater severity of COVID-19 symptoms (e.g., fatigue, cough, dyspnea, and fever) in diabetic patients, (2) frequency of other
comorbidities in people with diabetes (e.g., coronary
heart disease (CHD), cerebrovascular disease, chronic
kidney disease, and hypertension), (3) higher incidences
of COVID-19 biomarkers (e.g., C-reactive protein, procalcitonin, leukocyte, and coagulation status or D-dimer
level), and (4) increased necessity of external oxygen supply in the form of invasive or noninvasive ventilation.
When SARS-CoV-2 spread from China to other countries, it particularly devastated the Italian and American
populations. In a national report based on the pandemic
scenario of Italy, 33% of comorbid COVID-19 patients
suffered from DM [14]. While among COVID-19
patients from Lombardy (a region of Italy), 17% of 1591
subjects suffered from type 2 diabetes (T2D) [15]. In
the USA case, DM is already a concern for the nation as
approximately 10% of the population has one form of DM
[16]. Three distinct cohort case studies have confirmed
that DM (T1D or T2D) has deteriorated the COVID-19
condition in American diabetic patients. Centers for Disease Control and Prevention observed 24 subjects with
COVID-19, among whom 14 were diabetic, leading to
58% having DM as comorbidity [17]. Although this smallscale study lacked confirmation of the severity among
diabetic COVID-19 patients, Richardson et al. discovered
the 3rd highest comorbidity was diabetes (33.8% or 1.808
subjects) among the observed cohort of 5700 COVID19 patients. Among the patients who expired due to the
severity of COVID-19, nondiabetic patients required
less intensive care or artificial ventilation to suppress
the symptoms than those with diabetes [18]. In a later
observational study, 1122 adult COVID-19 patients were
observed with diabetes and hyperglycemic condition. A
total of 38.5% of the hospitalized patients were diabetic
or hyperglycemic and faced a higher mortality rate than
those without the conditions [19].
India has become the recent victim of COVID-19 as the
third wave has led to a sharp incline in both confirmed
cases and mortality rate. Before the recent surge, Mithal
et al., among other researchers, also proved the link
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between DM and severity of COVID-19. They found 210
patients with either preexisting or new-onset DM among
401 COVID-19 patients suffered severe symptoms and
required ICU admission [20], supporting the data found
by Shi et al. [13]. Moreover, the correlation between the
baseline Hba1c and severity score of COVID-19 was significant in the Indian and higher mortality rates.
As the first country with the outbreak and 3 of the
countries with a high prevalence of COVID-19 epidemiological data from China, Italy, the USA, and India have
shown the noteworthy link between COVID-19 manifestation among the population previously suffering from
DM.
Clinical manifestations of COVID‑19 patients with diabetes

Studies have shown that the presence of glucagon plays
a vital role in endogenous hyperglycemia. Insulin on the
liver directly resists hepatic glucose production. Therefore, excess glucagon helps with hyperglycemic effects
[21]. Mitochondria are the principal source of reactive
oxygen species (ROS). A study showed that hyperglycemia-induced mitochondrial ROS production might be a
key player in developing diabetes-related complications.
Also, mitochondrial ROS might play a vital role behind
type 2 diabetes resisting insulin [22]. Insulin is secreted
in a two-phase pattern. Beta cell abnormalities in type 2
diabetes patients are found in the first phase [23]. Studies
suggest that beta cell decline starts about 12 years before
diagnosis [24]. Though the mechanism behind beta cell
degradation is unclear, genetic factors [25], environmental factors, and hyperglycemia and hyperlipidemia can
be the main reasons behind beta cell declining [26]. The
SARS-CoV-2 virus probably binds with epithelial cells of
the nasal cavity and starts the replication process. ACE2
works as the main receptor for SARS-CoV-2. The virus
multiplies and travels through the respiratory tract,
thus triggering the immune system. Infected epithelial
cells are the main source of beta and lambda interferons. CXCL10, which is an immune responsive cytokine,
is responsible for the immune responses against SARSCoV-2. In severe cases, this affects pulmonary infiltrates,
causing fatal diseases. Though the fatality rate is 2%, it
differs with age. The virus mostly affects type 2 alveolar
cells rather than type 1 cells. The virus replicates within
the type 2 cell, thus eventually destroying the cells. Older
people generally have decreased mucociliary clearance,
enabling the virus to increase more rapidly [27]. In nonhuman primate models, it was found that the amount
of the virus rapidly advances throughout the respiratory
system. Replication in the upper respiratory tract transmits the virus between hosts, and if replication occurs
in the lower respiratory tract, it causes lung disease [28].
The pathogenesis of COVID-19 as a disease targeting the
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respiratory system was pneumonia and RNAaemia, associated with cardiac injury. High blood levels of cytokines
were also noticed in patients with COVID-19, including
IL1-β, IL1RA, IL7, IL8, IL9, IL10, and other pro-inflammatory cytokines, which are believed to be the reason for
increasing severity [29].
Possible mechanisms of diabetes worsening COVID‑19
progression

Diabetes has been a major cause of severity and death in
previous viral pandemics like influenza (H1N1), SARSCoV, and MERS-CoV. Though some studies did not find
any connection between COVID-19 and diabetes, some
reports from China and Italy showed patients with diabetes had more mortality and severity rates [30]. In
addition, some data shows COVID-19 in patients with
diabetes might be affected by releasing hyperglycemic hormones, resulting in higher levels of glucose and
abnormal glucose variability [31]. Hyperglycemia leads
to aggressive glycosylation (disturbance in determining
structure, features, and stability of protein) that causes
failure in receptor signaling and disrupts the functions of
immunoglobulins. This glycosylation disturbance of IgG
may cause susceptibility to COVID-19. As a result, these
patients are more likely to require mechanical ventilation
and admission to ICU with higher mortality [32, 33].
Again, people with diabetes generally suffer from
low-grade chronic inflammation, which possibly triggers cytokine storms. This also appeared to be one of
the significant causes of the severe cases of COVID-19
cases of pneumonia and death of many patients. Severe
pneumonia can lead to severe hypoxia, respiratory failure, multi-organ failure, shock, and death [33]. ACE2
acts as the entering site for SARS-CoV-2 to enter into
the human body. ACE2 is generally found in the liver
and endocrine pancreas with a possible role in developing insulin resistance and reducing insulin secretion. So,
there are possibilities that SARS-CoV-2 can affect both
pancreas and beta cells, worsening hyperglycemia during
acute infection [34]. Another study reports that diabetes has a connection in activating the renin–angiotensin
system in different tissue systems. Also, people with type
1 or type 2 diabetes are often treated with ACE inhibitors, and angiotensin II type I receptor blockers (ARBs)
might increase the expression of ACE2. And this increase
in the expression of ACE2 can augment the risk of viral
infections. The observation also suggests that switching
people to other agents from renin–angiotensin system
blockers might modify the risk [35]. A Chinese study was
conducted on 39 COVID-19 patients compared with 39
healthy siblings. The outcome showed that 20 of the 39
patients developed diabetes during hospitalization. As
immunostaining for ACE2 is widely spread in pancreatic
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islets, it was suggested that SARS-CoV-2 might have
damaged the islet causing insulin-dependent DM [36].
Though many reports indicate little or no connection
between COVID-19 and diabetes, plenty of studies suggest a connection between the diseases (Fig. 1).
Risk factor and management of diabetic patients
during COVID‑19 pandemic
Risk factor of diabetic patients

Obesity It was known that individuals having diabetes
are at the potential risk for various infectious diseases
and case severity. At the SARS outbreak, it was observed
that the rate of ICU admission, the need for mechanical
ventilation, and mortality was 3.1-fold greater in diabetic
patients than nondiabetic patients [37].
Aggravated inflammatory storm Diabetic patients generally suffer from low-grade chronic inflammation, which
might lead them to excessive cytokine storms, the severe
outcome of COVID-19, and elevated mortality [34, 38].
Some recent studies on biochemical features of COVID19 diabetic patients and nondiabetic patients revealed
that lymphocyte count is significantly lower. In contrast,

Fig. 1 Mechanisms of diabetes worsening COVID-19 progression
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the count of neutrophils is noticeably higher than nondiabetic patients [32, 39, 40]. Besides, neutrophil to lymphocyte ratio (NLR), high-sensitivity C-reactive protein, and some inflammation-related biomarkers such as
interleukin (IL)-6 are found to be more elevated in diabetic patients [32, 41]. Moreover, a significant increase
in serum ferritin accelerates the activation of the monocyte–macrophage system, which can be a crucial part of
inflammatory storms [40].
Immunodeficiency In diabetic patients, it is seen that
besides elevated NLR levels, the total amount of T cell,
CD4+, and C
 D8+ T cell are significantly reduced in a
severe case of COVID-19 patients with the unregulated
immune response [42, 43]. The nonspecific and firstacting innate immune defenses that provide initial host
response are obstructed and not working properly in
people with diabetes.
Neutrophils, the most abundant white blood cell in circulation, play a major role in clearing infection through
digesting, blocking, and disabling the invading foreign
particles entering the body. But, in diabetic patients, it
shows an abnormality in its function, which includes
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migration towards the inflammatory site, lytic protease
release, phagocytosis, apoptosis, and reactive oxygen
species production [44]. Besides, patients with diabetes have the oversecretion of tumor necrosis factor
(TNF)-α, interleukin (IL)-1β, and IL-8, which increased
the susceptibility for the various pathogens to attack
[45]. Moreover, M1 pro-inflammatory macrophages
release inflammatory mediators who have a role in local
and systemic inflammations also found an elevated level
than actual [46].
Natural killer cells (NK cells) play a major role in killing the cells infected with the various pathogens or
present in stress conditions expressing major histocompatibility complex (MHC). In diabetic patients, the
phenotype and functional activity of NK cells found
change which decreases the viral recognition ability
and hampers the activation of NK and C K8+ T lymphocytes receptors [47].
To maintain pro-inflammatory and anti-inflammatory
damage, CD4+ effector T cell plays a vital role and controls host immunity and damage of inflammations [48],
but in type 2 diabetic patients, and the inflammatory process is promoted [49, 50].
Further investigations have revealed that in adipose tissue of diabetic patients, anti-inflammatory macrophages
are transformed into pro-inflammatory macrophages,
and Tregs are converted into helper Th1 and Th17 CD4+
T cells [51, 52]. In detail, pro-inflammatory macrophages
Th1 responsible for cell-mediated immunity and phagocytic inflammation are upregulated [53]. Besides, another
pro-inflammatory and C
 D4+ T cell subtype, Th17, which
secrete IL-17 and stimulates TNF-α, also increases [54].
Moreover, Treg cell expression is reduced in inpatient
with people with diabetes responsible for suppressing
Th1, Th2, & Th17 responses and improving insulin resistance (IR) and inflammatory response [55].

Increased ACE2 expression

It is revealed that SARS-CoV-2 uses the ACE2 receptors to facilitate cellular entry, and this is also responsible for the elevated level of transmission rate from one
person to another [56]. Besides, research has found that
SARS-CoV-2 has a much higher binding affinity with the
ACE2 receptors than the previously isolated SARS-CoV,
which is approximately 10- to 20-fold higher [57]. ACE2
expression has been observed in multiple organs such
as the liver, kidney, hearts, testis, lungs, pancreas, bladder, stomach, ileum, etc. [58, 59]. Moreover, researchers
have found the overexpression of ACE2 in circulation in
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diabetic patients, which may increase the chance of viral
infection. It is seen that the administration of insulin
has significantly decreased the expression level of ACE2
[60–62]. In types 1 and 2 diabetic patients, ACE2 and
enzymatic activity are found at elevated urine levels [63,
64]. Besides, the blood glucose level and the presence of
ACE2 in urine are positively controlled [65]. However,
ACE2 expression in kidney tissue is downregulated in
diabetic patients [66]. Thus, ACE2 expression can vary
depending on the tissue. Researchers have revealed that
increased ACE2 and angiotensin 1-7 play a protective
effect against lung injury by vasodilatory and antifibrotic
effects, whereas reduced ACE2 level may predispose to
more severe lung injury [67, 68].
So the diabetes-induced expression of ACE2 may cause
case severity and a risk factor for COVID-19 in diabetic
patients.
Uncontrolled glycemic status

Patients with diabetes with unregulated blood glucose
levels are at higher risk of case severity and observed to
have a higher number of hospital admission and acquired
pneumonia [69–71]. In hyperglycemic states, susceptibility for the pathogen to attack increases, the interleukin
production response to the pathogen decreases, and the
activity of phagocytosis and polymorphonuclear leukocytes reduces [72]. Besides, individuals with type 1 diabetes are at higher risk of developing diabetic ketoacidosis
(DKA) when acquiring an infection. Moreover, reports
have found increased levels of glucose secretions through
airways [73]. This may be because of the pulmonary
structural change in people with diabetes [74]. The ACE2
receptors are also found expressed in pancreatic beta
cells [75]. So, the entry of this virus can damage the pancreatic beta cell and trigger the glucose level in blood and
lead to hyperglycemic conditions [36].
Coagulations

COVID-19 is associated with elevated coagulation activity [76]. Intra-vessel coagulation can occur due to the
endothelial dysfunction which is associated with hypoxia.
Diabetic patients are reported with a prothrombotic
state, in which an imbalance between clotting factors and
fibrinolysis accelerates the risk of thromboembolic events
[77]. In a Chinese study, longer prothrombin time and a
high concentration of D-dimer presence were found in
the non-survivor patients with diabetes [32].
Diabetic patients face many internal body complications such as inflammatory storm, hyperglycemic state,
coagulation possibilities, increased level of ACE2 receptor, immunodeficiency, etc.. Besides, they have other
diseases such as high blood pressure, cardiovascular
disease, renal problem, vision problem, and so many. All
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these things do not increase the risk of getting infected
with SARS-CoV-2. But once they get infected, the case
becomes so severe that the mortality rate is elevated.
So, they should maintain proper precautions not to be
infected, and if they get infected, proper medication
and a healthy lifestyle should lead to consulting with the
doctor.
Management of diabetic patients

The top priority for diabetic patients is to maintain their
blood glucose levels. It has already been known that in
the case of COVID-19, unbalanced blood glucose level
may lead to higher susceptibility for the pathogen, a
higher rate of hospital admission, and an elevated level
of mortality [78]. Therefore, after hospitalizations, the
patients’ blood glucose level frequently needs to be monitored and proper insulin dosage should be maintained
properly. Moreover, mechanical ventilation may be
needed for these patients in case of respiratory distress,
but it may also increase the aerosolization of the virus
[79].
For type 2 diabetics, metformin is considered the firstline treatment option in these pandemic situations. It
generally activates the AMP-activated protein kinase in
the liver [80]. This drug was first developed as an antiinfluenza drug, but tolerance to glucose-lowering activity was a side effect [81]. Metformin activates AMPK and
leads to functional changes in the ACE2 receptors by
phosphorylation [82]. So, such a kind of alteration can
change the binding of coronavirus with its ACE2 receptors. It was previously known that this virus enters the
host cell through ACE2 receptors and is imbalanced in
the renin–angiotensin system. In contrast, metformin
prevents this condition by activating ACE2 through
AMPK signaling pathways [83]. So, there is no contradiction in taking metformin if a diabetic patient is infected
with COVID-19; rather, it may be beneficial.
There are some antidiabetic drugs responsible for
controlling blood glucose levels, such as glucagon-like
peptide-1 receptor agonists (GLP-1Ra), sodium–glucose transporter 2 (SGT-2) inhibitors, and dipeptidyl
peptidase 4 (DPP4) [84–86]. The GLP-1 and SGT-2
drugs have some additional benefits of anti-cardiovascular and anti-kidney diseases. This may be beneficial during pandemics as cardiovascular and kidney
diseases are reported for the worse prognosis of
COVID-19 [87]. Moreover, anti-inflammatory and antiadipogenic effects with insulin resistance antagonism
are reported in GLP-1Ra [88]. However, both GLP1-Ra
and SGLT-2 inhibitors may elevate the amount of ACE2
and create overexpression [89]. Thus, this drug has
much more serious consequences if individuals with
diabetes are infected with COVID-19. On the other

Page 6 of 13

hand, DPP4 is generally used for type 2 diabetes targeting the incretin system [90]. Recently, some reports
demonstrate that diabetic patients administered with
DPP4 may decrease the case severity [91].
Thiazolidinediones (TZDs) is a commonly used
drug for type 2 diabetes that treats insulin resistance
[92]. Pioglitazone, a TZD-type drug, has been found
to inhibit the secretion of pro-inflammatory cytokines
IL-6 [93]. Pro-inflammatory states are considered to
have a worse prognosis of COVID-19. Thus, this type
of drug is considered to be supportive therapy for
COVID-19 [94].
ACE inhibitors (ACEI) and angiotensin-receptor
blockers (ARBs) are generally anti-hypersensitive and
reno-protective drugs, respectively, and prescribed to
individuals with diabetes [95, 96]. They increase the
ACE2 expression, control hypertension, show antiinflammatory effect, reduce injury in endothelial cells
and organ fibrosis, maintain insulin sensitivity, and play
a role in energy metabolism [97]. Besides, it also plays a
role in lipid metabolism and normalizing coagulation
cascade [98, 99]. Moreover, it has been reported that
ARBs protect the epithelial cell of lung injury caused by
pneumonia, influenza, and sepsis [100]. On the other
hand, it has been reported that diabetic individuals taking ACE inhibitors are at increased risk of susceptibility
to COVID-19 [101].
Corticosteroids (CS) play a role in the management of
acute respiratory distress syndrome (ARDS) and sepsis,
which is considered one of the management plans for
COVID-19 [102]. CS is frequently linked to the development of hyperglycemia or diabetes mellitus (DM) [103].
The dosage of CS is one of the most worrying aspects of
CS-induced diabetes. Higher CS doses (dexamethasone
> 4 mg, hydrocortisone > 50 mg, prednisolone > 20 mg)
can easily cause serious side effects [104]. According to
a meta-analysis, the chances of CS-induced hyperglycemia and diabetes were 32.3 and 18.6%, respectively
[105]. Several factors are linked to the onset of diabetes
after the introduction of CS, including impairment of
multiple pathways such as cell dysfunction [106], insulin resistance of tissues that can affect glucose metabolism [107, 108], reduction of peripheral glucose uptake
by muscle and adipose tissues that raises blood glucose
levels [107, 109], activation of genes involved in hepatic
carbohydrate metabolism resulting in increased gluconeogenesis, and inhibition of genes involved in hepatic
carbohydrate metabolism [110, 111]. Another treatment,
type I interferon, was associated with bet cell damage and
was responsible for worsening the blood glucose level
[112, 113]. Thus, physicians should prescribe this medicine, remembering its worsening effect on the blood glucose level.
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Treatment for diabetic patients with COVID‑19

Due to the ongoing quarantine, people face difficulties
finding medicines, insulin, needles, glucose strips, etc..
Also, people have limited access to fresh fruits and vegetables; therefore, they tend to eat packaged foods high
in calories, saturated fat, and trans-fat. All these factors
cause glucose dysregulation, infections, hyperosmolar coma, ketoacidosis, and even acute cardiac events
[114]. Patients with diabetes with developing symptoms
of COVID-19 infection are at higher risk of adverse outcomes. Therefore, they need to be served with frequent
glucose monitoring, a healthy diet, adequate hydration,
and dose titration of glucose-lowering medication. Also,
patients are recommended to take symptomatic therapy
(i.e., paracetamol or acetaminophen), which reduces
fever [115]. Diabetic patients, especially those treated
with insulin, are at risk for developing hypoglycemia
[116]. Therefore, regular monitoring of blood glucose is
important. Continuous glucose monitoring (CGM) and
flash glucose monitoring systems are useful and allow
remote monitoring by healthcare providers. However,
paracetamol may affect certain CGM sensors [117]. Nonsteroidal anti-inflammatory drugs (NSAIDs) such as
Ibuprofen prevent fatal “cytokine storms,” in which the
immune system of seriously ill patients can cause organ
failure but increases SARS-CoV-2 activity [35] and slows
recovery process [118]. However, the potential therapeutic options for COVID-19 in people with diabetes are
discussed below with probable beneficial or hazardous
effects.
Glucose lowering agents

Patients with severe SARS-CoV-2 develop acute respiratory distress syndrome (ARDS) due to dysregulated
immune response, producing cytokine release syndrome
(cytokine storm). Metformin, a first-line medication for
treating type 2 diabetes, boosts immune responses and
prevents ARDS compared with other anti-hyperglycemic
agents. Still, it increases the risk of lactic acidosis and
causes cardiovascular, renal, hepatic, and pulmonary
disease [119]. Therefore, many health agencies have recommended avoiding sodium–glucose co-transporter 2
(SGLT2) inhibitors in COVID-19 patients and patients
with a history of hypertension, type 2 diabetes mellitus
(T2DM), and atherosclerotic cardiovascular disease such
as heart failure [120]. Besides, treatment with glucagonlike peptide-1 receptor agonists (GLP-1RA) and SGLT2
plays a role in managing hyperglycemia and preventing
heart damage. But it should not be used in patients with
hemodynamic instability (unstable blood pressure) and
renal and gastrointestinal dysfunction [121].
Moreover, DPP4 inhibitors reduce the risk of hypoglycemia and are relatively safe for renal functions. Adding
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a DPP4 inhibitor to basal insulin reduces plasma glucose
concentrations without increasing the risk of hypoglycemia—even among hospitalized patients [122]. But these
agents have less therapeutic benefit in patients with
severe COVID-19. Furthermore, fine control of blood
glucose is difficult using sulfonylureas. Also, the use of
sulfonylureas and chloroquine increases the risk of hypoglycemia. So, they are recommended to be replaced with
insulin.
Moreover, thiazolidinediones (e.g., pioglitazone)
should not be used in patients with hemodynamic instability and hepatic or cardiac dysfunction because it
causes fluid retention and edema, which may be seen in
severe COVID-19 infection [123]. Insulin therapy is a
preferred strategy to control blood sugar levels in hospitalized patients [124]. Insulin inhibits the synthesis of
pro-inflammatory factors, producing fever, inflammation, tissue, and decreased chance of ARDS [125].
Therefore, patients with type 1 diabetes with COVID19 and hyperglycemia may continue their insulin therapy,
facilitating control of their blood glucose and ketone
levels. Moreover, SGLT2 inhibitors may work as organprotective agents in diabetic patients with COVID-19.
However, further study is needed to ensure the use of
DPP4 inhibitors in mild cases of COVID-19.
Immunomodulators

Immunomodulators can inhibit cytokines and treat the
cytokine storm, essential in the pathogenesis of rapid
deterioration and multi-organ dysfunction in patients
with COVID-19. Moreover, chloroquine and hydroxychloroquine are now approved to treat inflammatory
diseases due to low cost, but they are being tested for
COVID-19 prevention, and treatment efficacy has been
questioned [126]. However, chloroquine has demonstrated antiviral activity against five out of seven known
human coronaviruses, including COVID-19 [127]. In
addition, cytokines released to viral infections can induce
the neuroendocrine system to release glucocorticoids
and other peptides, impairing immune responses [128].
They are also used to treat severe acute respiratory distress syndrome (ARDS) and viral pneumonia, but their
role in the treatment of COVID-19 is still investigated
[129].
Furthermore, statins might inhibit the entry of SARSCoV-2 into host cells by directly binding the main protease of the virus [130]. However, statins increase the
expression of angiotensin-converting enzyme 2 (ACE2),
the receptor for the virus. So, statins are often prescribed
along with renin–angiotensin–aldosterone system
(RAAS) blockers, in particular angiotensin-converting
enzyme (ACE) inhibitors and angiotensin II receptor
blockers (ARBs). Statins in hospitalized patients with
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COVID-19 reduce mortality and increase the recovery
rate [131]. Hypertension, heart failure, and diabetic kidney diseases are treated with ACE inhibitors and ARBs.
ACE inhibitors block ACE2 receptors, which may protect
against COVID-19 infection [132].
Although immunomodulation therapies remain controversial in the COVID-19 context because they may
negatively influence the immune response against
SARS-CoV-2, several ongoing trials are trying to reduce
overstimulation of the innate immune system. Further
experiments are highly needed right away, especially
on the effects of ACEI/ARBs and SGLT2 inhibitors in
infected and severely ill patients.
In the presence of inflammatory stimuli, monocytes,
macrophages, and dendritic cells generate the proinflammatory cytokine interleukin-1 (IL-1). In vitro, IL-1
causes -cell dysfunction and may play a role in diabetes
aetiology [133–135]. A human recombinant IL-1 receptor
antagonist (anakinra) improved glycemia in T2D patients
for up to 39 weeks following therapy [136]. Patients with
rheumatoid arthritis benefited from daily anakinra doses
as well [137]. Furthermore, these trials have established
the immunotherapeutic drug’s safety and tolerability
profile.
In the late 1970s, cyclosporine A was one of the first
immunosuppressive drugs used in people to improve
kidney transplantation and prevent rejection [138]. In
the biobreeding (BB) rat, this immunosuppressive medication prevented diabetes, and a pilot trial in 41 newly
diagnosed T1D patients demonstrated its therapeutic
prospects in humans [139, 140].
Vitamin D is required for C
 a2+ metabolism and, as a
result, for bone mineralization and mineral homeostasis.
Under the effect of UV light in the skin, it can be produced endogenously [141]. Vitamin D supplementation
might prevent or postpone T1D in people, according to
birth cohort studies. Supplementing with vitamin D (50
g or 2000 IU per day) has been linked to a lower risk of
developing T1D [142]. When children were treated with
vitamin D early in infancy, the EURODIAB substudy
found that they had a 33% lower risk of T1D [143].
Antiviral therapies

Antiviral therapies are used to stop the SARS-CoV-2
virus cell cycle and slow down disease progression. Several drugs, such as Ribavirin, interferon (IFN), favipiravir
(FPV), and lopinavir (LPV)/ritonavir (RTV), have been
used in patients with SARS or MERS. However, the efficacy of some drugs remains controversial [132]. Arbidol
blocks the virus–cell membrane fusion by intercalating
into membrane lipids. Wuhan data report shows better outcome in patients treated with Arbidol alone or in
combination with other antiretroviral drugs [144]. Drugs
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that block viral RNA replication including lopinavir/ritonavir and darunavir—antiretrovirals for HIV—inhibit the
viral protease [145]. The use of lopinavir/ritonavir (LPVr)
in severe acute respiratory syndrome (SARS) indicated a
favorable clinical response, but in SARS-CoV-2 infection,
it shows limited efficacy. Remdesivir and favipiravir are
viral RNA polymerase blockers that have been previously
tested for Hepatitis C, Ebola, or Influenza, among others
[120]. Remdesivir shortens the course of the COVID-19
disease but does not affect mortality [146]. Favipiravir
inhibits RNA polymerase activity, but this drug is currently undergoing clinical trials in treating COVID-19.
Also, the use of classical anticoagulant therapies such as
heparin was initially applied to COVID-19 patients at
risk of thrombotic and thromboembolic events [147].
Generally, there are no verified antivirals to date specific to COVID-19. However, several are used based on
limited clinical data and tested in clinical trials. If their
efficiency is proved, they could be used in patients with
diabetes, although caution should always be maintained
properly.
General precautions and future guidelines for the patient
of COVID‑19 with diabetes
Precautions

Prevention is always better than cure. Therefore, people who have diabetes should take preventive steps and
attempt to safeguard themselves from COVID-19 infection in the following ways:
i. Maintaining rules of hygiene
• Washing hands frequently with soap and water.
Alcohol-based sanitizer is also preferred.
• Cleaning contaminated surfaces such as tabletops,
doorknobs, railings, countertops with disinfectant.
These surfaces can be contaminated by the touch
of a COVID-19–infected person [148].
• Avoiding the habit of touching eyes, mouth, nose,
and unwashed hands
• Touching surfaces should be eluded that are
touched by others
• Covering mouth and nose with elbow or tissue
and disposing of tissue after using one time
ii. Practicing social distancing
• Tiny droplets conduct the spread of novel coronavirus sprayed into the air when an infected person
sneezes or coughs. If anyone surrounds within
6 feet/ 2 m of an infected person, he may inhale
it. So, maintaining a safe distance of about 6 feet
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in public and working places is better prevention
[149].
• Avoiding any sort of meeting or direct contact
with sick people suffering from fever or cough or
both
iii. Managing a healthier lifestyle
• Boosting up the immune system by having at least
7 h of sleep per night
• Controlling diet or maintaining regularity in taking sufficient amount of nutritious foods and fluids
• Making an effort to keep the blood glucose level
under control
iv. Utilizing feasible therapeutics and vaccines
• Chemoprophylaxis
Approval of drugs for pre-exposure and postexposure chemoprophylaxis is not confirmed till
now. Urgent randomized controlled trials should
be conducted to attain proper evidence. Besides,
chloroquine has exhibited antiviral activity against
five known coronaviruses among seven, which
includes the novel coronavirus SARS-CoV-2 [127].
Therefore, this drug is considered a superior candidate for prophylactic use [150]. Also, trials that
are taking place in China have yielded promising
preliminary findings [151], but the data are overall controversial. Some other trials are in progress:
the PHYDRA trial (NCT04318015) and the COPCOV study (NCT04303507). Diabetic patients are
also included in some of the studies. A clustered
randomized clinical trial is also designed to evaluate the usage of lopinavir/ritonavir in post-exposure prophylaxis (NCT04321174).
• Vaccines
A potent and secure vaccine would undoubtedly be preferable for high-risk individuals, such
as those with cardiovascular disease (high blood
pressure, history of heart attack, etc.), and diabetes
and the aged ones. Therefore, different vaccines
are being studied and investigated now: recombinant novel coronavirus vaccine (adenovirus type
5 vector) (NCT04313127) in the APICTH trial,
mRNA-1273 vaccine (NCT04283461), and artificial antigen-presenting cells (AAPCs) as a vaccine
(NCT04299724) [152].
Future guidelines

After the second world war, no other challenge is considered so tremendous as the COVID-19 pandemic.
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Identification of effective prevention and treatment
strategies is a requisite of today’s world. The urgency
of identifying adjuvant prevention as well as treatment
strategies is needless to say. Deterioration of health has
been observed in people with diabetes and comorbid
patients, though the molecular and pathophysiology
mechanisms lying behind this association are not yet
completely clarified. The critical queries regarding precautionary measurements, management of COVID-19,
and the protection of people with diabetes require transparent answers. Researchers, also the associated authorities, should take indispensable steps to find answers to
these questions.
It is mandatory to set up standard case definitions, data
collection, recording and sharing strategies, and operational instructions to allow easy interpretation and data
comparison. Standardizing research protocols and pointing out research priorities indicate proper utilization of
time and convenient resources. The function of pharmaceutical drugs required to prevent and treat COVID-19
according to their efficacy, safety, and cost convenience
should be evaluated as a precedent. Besides, additional
data are needed, especially observing the effects of both
SGLT2 and ACEI/ARB’s inhibitors in those who are
infected and critically ill.
Strategies should be taken to detect cases and treatment purposes, provide care, and ensure the supply of
necessary medicines for people with chronic diseases
like diabetes. Doing so may diminish the risk of morbidity and mortality caused by such diseases through this
harsh period. Again, utilizing human resources prudently
in healthcare services and protecting their health is the
demand of time. This contemporary challenge for healthcare systems should be an opportunity to upgrade service provision, receive learnings from successful regional
and global strategies. Moreover, it is a resounding scope
to take preparation for the upcoming enormous challenges of the world. However, the pandemic delineates
the necessity of both care-for-all policies and combined
public health measures.

Conclusions
As discussed in the review, diabetic patients need scientific attention as they are a major risk group to manifest
COVID-19. In addition, diabetic patients suffer from
severe physical consequences from the virus rather than
nondiabetic patients. More clinical cohort studies are
necessary to conclude substantial proof for the relation
between DM and elevated level of COVID-19 symptoms
or higher mortality rate. However, the existing data are
reliable enough to consider the diabetic community as a
potential community largely under health threats during
the COVID-19 pandemic. As DM patients already suffer
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from organ damage or decreased organ functionality,
COVID-19 patients with DM must be treated accordingly
in the hospital or household facilities. As a precaution,
DM patients must maintain safety measurements in daily
life to lower the chances of exposure to SARS-CoV-2.
Additionally, in case of virus contraction, the treating
physician must consider the patient’s prescribed DM
medication regimen while treating COVID-19. During
recovery, patients must follow the treatment regimen and
maintain an ordered life. Furthermore, scientific research
is required to identify if DM medication can hamper the
COVID-19 treatment regimen to lower the mortality rate
of COVID-19 patients with DM and ease the recovery
process for the diabetic survivors.
Abbreviations
ROS: Reactive oxygen species; IgG: Immunoglobulin G; ACE2: Angiotensinconverting enzyme 2.
Acknowledgements
The authors are thankful to the members of the Community of Biotechnology
for their supports during the preparation of the manuscript.
Authors’ contributions
GJ conceived the study. RR and SR designed the study. RR, SR, MC, and AM
wrote the draft manuscript. GJ and MM edited and revised the manuscript.
The authors read and approved the final version of the manuscript.
Funding
No specific grant was received for this study.
Availability of data and materials
All the data are provided within the manuscript.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
Riyan Al Islam Reshad, Sumaiya Hafiz Riana, Mohammad Al-baruni Chowd‑
hury, Abu Tayab Moin, Md. Faruque Miah, Bishajit Sarkar, and GM Nurnabi Azad
Jewel declare no conflict of interests.
Author details
1
Department of Genetic Engineering and Biotechnology, Faculty of Life
Sciences, Shahjalal University of Science and Technology, Sylhet, Bangladesh.
2
Department of Genetic Engineering and Biotechnology, Faculty of Biological
Sciences, University of Chittagong, Chattogram, Bangladesh. 3 Department
of Biotechnology and Genetic Engineering, Faculty of Biological Sciences,
Jahangirnagar University, Dhaka, Bangladesh.
Received: 6 July 2021 Accepted: 21 October 2021

References
1. Araf Y, Faruqui NA, Anwar S, Hosen MJ (2021) SARS-CoV-2: a new
dimension to our understanding of coronaviruses. Int Microbiol
24(1):19–24

Page 10 of 13

2. Coronaviridae Study Group of the International Committee on Taxon‑
omy of Viruses (2020) The species severe acute respiratory syndromerelated coronavirus: classifying 2019-nCoV and naming it SARS-CoV-2.
Nat Microbiol 5:536–544. https://doi.org/10.1038/s41564-020-0695-z
3. Zhou F, Yu T. du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X,
et al: Clinical course and risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, china: A retrospective cohort study. Lancet.
2020;395:1054-62.
4. Deng SQ, Peng HJ (2020) Characteristics of and public health responses
to the coronavirus disease 2019 outbreak in China. J Clin Med 9(2):575
5. Zimmet PZ, Magliano DJ, Herman WH, Shaw JE (2014) Diabetes: a 21st
century challenge. Lancet Diabetes Endocrinol 2(1):56–64
6. World Health Organization (2018) Disease burden and mortality esti‑
mates. WHO, Geneva
7. Muller LM, Gorter KJ, Hak E, Goudzwaard WL, Schellevis FG, Hoepel‑
man AI, Rutten GE (2005) Increased risk of common infections in
patients with type 1 and type 2 diabetes mellitus. Clin Infect Dis
41(3):281–288
8. Muniyappa R, Gubbi S (2020) COVID-19 pandemic, coronaviruses, and
diabetes mellitus. Am J Physiol Endocrinol Metab 318(5):E736–E741
9. Rao S, Lau A, So HC (2020) Exploring diseases/traits and blood proteins
causally related to expression of ACE2, the putative receptor of
SARS-CoV-2: a Mendelian randomization analysis highlights tentative
relevance of diabetes-related traits. Diabetes Care 43(7):1416–1426
10. Wu H, Lau ES, Ma RC, Kong AP, Wild SH, Goggins W, Chow E, So WY,
Chan JC, Luk AO (2020) Secular trends in all-cause and cause-specific
mortality rates in people with diabetes in Hong Kong, 2001–2016: a
retrospective cohort study. Diabetologia. 63(4):757–766
11. Guo W, Li M, Dong Y, Zhou H, Zhang Z, Tian C, Qin R, Wang H, Shen
Y, Du K, Zhao L. Diabetes is a risk factor for the progression and
prognosis of COVID‐19. Diabetes/metabolism research and reviews.
2020;36(7):e3319.
12. Ma RC, Holt RI. COVID‐19 and diabetes. Diabetic Medicine. 2020 May 1.
13. Shi Q, Zhang X, Jiang F, Zhang X, Hu N, Bimu C, Feng J, Yan S, Guan Y,
Xu D, He G (2020) Clinical characteristics and risk factors for mortality
of COVID-19 patients with diabetes in Wuhan, China: a two-center,
retrospective study. Diabetes Care.
14. Zhu L, She ZG, Cheng X, Qin JJ, Zhang XJ, Cai J, Lei F, Wang H, Xie J,
Wang W, Li H (2020) Association of blood glucose control and out‑
comes in patients with COVID-19 and pre-existing type 2 diabetes. Cell
Metab
15. Gentile S, Strollo F, Ceriello A (2020) COVID-19 infection in Italian people
with diabetes: lessons learned for our future (an experience to be used).
Diabetes Res Clin Pract 162
16. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli
A, Cereda D, Coluccello A, Foti G, Fumagalli R, Iotti G (2020) Base‑
line characteristics and outcomes of 1591 patients infected with
SARS-CoV-2 admitted to ICUs of the Lombardy Region, Italy. Jama
323(16):1574–1581
17. Centers for Disease Control and Prevention (2020) National diabetes
statistics report, 2020. Centers for Disease Control and Prevention, US
Department of Health and Human Services, Atlanta
18. Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR, Nalla AK, Gre‑
ninger AL, Pipavath S, Wurfel MM, Evans L, Kritek PA (2020) COVID-19
in critically ill patients in the Seattle region—case series. N Engl J Med
382(21):2012–2022
19. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson
KW, Barnaby DP, Becker LB, Chelico JD, Cohen SL, Cookingham J (2020)
Presenting characteristics, comorbidities, and outcomes among 5700
patients hospitalized with COVID-19 in the New York City area. Jama.
20. Bode B, Garrett V, Messler J, McFarland R, Crowe J, Booth R, Klo‑
noff DC (2020) Glycemic characteristics and clinical outcomes of
COVID-19 patients hospitalized in the United States. J Diabetes Sci
Technol:1932296820924469
21. Unger R, Orci L (1975) The essential role of glucagon in the pathogen‑
esis of diabetes mellitus. Lancet. 305(7897):14–16
22. Nishikawa T, Araki E (2007) Impact of mitochondrial ROS production in
the pathogenesis of diabetes mellitus and its complications. Antioxid
Redox Signal 9(3):343–353
23. Holt RI (2004) Diagnosis, epidemiology and pathogenesis of diabetes
mellitus: an update for psychiatrists. Br J Psychiatry 184(S47):s55–s63

Reshad et al. The Egyptian Journal of Bronchology

(2021) 15:53

24. Holman RR (1998) Assessing the potential for α-glucosidase inhibitors
in prediabetic states. Diabetes Res Clin Pract 40:S21–S25
25. Pratley R, Weyer C (2001) The role of impaired early insulin secre‑
tion in the pathogenesis of type II diabetes mellitus. Diabetologia.
44(8):929–945
26. Hales CN, Barker DJ, Clark PM, Cox LJ, Fall C, Osmond C, Winter PD
(1991) Fetal and infant growth and impaired glucose tolerance at age
64. Br Med J 303(6809):1019–1022
27. Tabassum T, Rahman A, Araf Y, Ullah MA, Hosen MJ (2021) Prospective
selected biomarkers in COVID-19 diagnosis and treatment. Biomark
Med 15(15):1435–1449
28. Rockx B, Kuiken T, Herfst S, Bestebroer T, Lamers MM, Munnink BB, de
Meulder D, van Amerongen G, van den Brand J, Okba NM, Schipper D
(2020) Comparative pathogenesis of COVID-19, MERS, and SARS in a
nonhuman primate model. Science. 368(6494):1012–1015
29. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X,
Cheng Z (2020) Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet 395(10223):497–506
30. Hussain A, Bhowmik B, do Vale Moreira NC (2020) COVID-19 and diabe‑
tes: knowledge in progress. Diabetes Res Clin Pract:108142
31. Wang A, Zhao W, Xu Z, Gu J (2020) Timely blood glucose manage‑
ment for the outbreak of 2019 novel coronavirus disease (COVID-19) is
urgently needed. Diabetes Res Clin Pract 162
32. Yan Y, Yang Y, Wang F, Ren H, Zhang S, Shi X et al (2020) Clinical charac‑
teristics and outcomes of patients with severe COVID-19 with diabetes.
BMJ Open Diabetes Res Care 8(1):e001343
33. Rahman A, Tabassum T, Araf Y, Al Nahid A, Ullah MA, Hosen MJ (2021)
Silent hypoxia in COVID-19: pathomechanism and possible manage‑
ment strategy. Mol Biol Rep:1–7
34. Maddaloni E, Buzzetti R (2020) COVID-19 and diabetes mellitus:
unveiling the interaction of two pandemics. Diabetes Metab Res
Rev:e33213321
35. Fang L, Karakiulakis G, Roth M (2020) Are patients with hypertension
and diabetes mellitus at increased risk for COVID-19 infection? Lancet
Respir Med 8(4):e21
36. Yang JK, Lin SS, Ji XJ, Guo LM (2010) Binding of SARS coronavirus to
its receptor damages islets and causes acute diabetes. Acta diabetol.
47(3):193–199
37. Booth CM, Matukas LM, Tomlinson GA, Rachlis AR, Rose DB, Dwosh HA,
Walmsley SL, Mazzulli T, Avendano M, Derkach P, Ephtimios IE (2003)
Clinical features and short-term outcomes of 144 patients with SARS in
the greater Toronto area. Jama. 289(21):2801–2809
38. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ, HLH
Across Speciality Collaboration (2020) COVID-19: consider cytokine
storm syndromes and immunosuppression. Lancet (London, England)
395(10229):1033
39. Wang Z, Du Z, Zhu F (2020) Glycosylated hemoglobin is associated with
systemic inflammation, hypercoagulability, and prognosis of COVID-19
patients. Diabetes Res Clin Pract 164:108214
40. Mantovani A, Byrne CD, Zheng MH, Targher G (2020) Diabetes as
a risk factor for greater COVID-19 severity and in-hospital death: a
meta-analysis of observational studies. Nutr Metab Cardiovasc Dis
30(8):1236–1248
41. McGonagle D, Sharif K, O’Regan A, Bridgewood C (2020) Interleukin-6
use in COVID-19 pneumonia related macrophage activation syndrome.
Autoimmun Rev:102537
42. Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, Xie C, Ma K, Shang K, Wang
W, Tian DS (2020) Dysregulation of immune response in patients with
COVID-19 in Wuhan, China. Clin Infect Dis
43. Zheng HY, Zhang M, Yang CX, Zhang N, Wang XC, Yang XP, Dong XQ,
Zheng YT (2020) Elevated exhaustion levels and reduced functional
diversity of T cells in peripheral blood may predict severe progression in
COVID-19 patients. Cell Mol Immunol 17(5):541–543
44. Hatanaka E, Monteagudo PT, Marrocos MS, Campa A (2006) Neutrophils
and monocytes as potentially important sources of pro-inflammatory
cytokines in diabetes. Clin Exp Immunol 146(3):443–447
45. Baggiolini M, Dewald B, Moser B (1997) Human chemokines: an update.
Annu Rev Immunol 15(1):675–705
46. Torres-Castro I, Arroyo-Camarena ÚD, Martínez-Reyes CP, Gómez-Arauz
AY, Dueñas-Andrade Y, Hernández-Ruiz J, Béjar YL, Zaga-Clavellina
V, Morales-Montor J, Terrazas LI, Kzhyshkowska J (2016) Human

Page 11 of 13

47.

48.
49.
50.
51.
52.

53.

54.

55.

56.
57.
58.
59.
60.
61.
62.
63.

64.

65.
66.

67.

monocytes and macrophages undergo M1-type inflammatory polariza‑
tion in response to high levels of glucose. Immunol Lett 176:81–89
Berrou J, Fougeray S, Venot M, Chardiny V, Gautier JF, Dulphy N, Toubert
A, Peraldi MN (2013) Natural killer cell function, an important target for
infection and tumor protection, is impaired in type 2 diabetes. PLoS
One 8(4):e62418
Gregor MF, Hotamisligil GS (2011) Inflammatory mechanisms in obesity.
Annu Rev Immunol 29:415–445
Stentz FB, Kitabchi AE (2003) Activated T lymphocytes in type 2 diabe‑
tes: implications from in vitro studies. Curr Drug Targets 4(6):493–503
Xia C, Rao X, Zhong J (2017) Role of T lymphocytes in type 2 diabetes
and diabetes-associated inflammation. J Diabetes Res 2017
Meshkani R, Vakili S (2016) Tissue resident macrophages: key players in
the pathogenesis of type 2 diabetes and its complications. Clin Chim
Acta 462:77–89
Zeng C, Shi X, Zhang B, Liu H, Zhang L, Ding W, Zhao Y (2012) The
imbalance of Th17/Th1/Tregs in patients with type 2 diabetes:
relationship with metabolic factors and complications. J Mol Med
90(2):175–186
McLaughlin T, Liu LF, Lamendola C, Shen L, Morton J, Rivas H, Winer D,
Tolentino L, Choi O, Zhang H, Hui Yen Chng M (2014) T-cell profile in
adipose tissue is associated with insulin resistance and systemic inflam‑
mation in humans. Arterioscler Thromb Vasc Biol 34(12):2637–2643
Garidou L, Pomié C, Klopp P, Waget A, Charpentier J, Aloulou M, Giry
A, Serino M, Stenman L, Lahtinen S, Dray C (2015) The gut microbiota
regulates intestinal CD4 T cells expressing RORγt and controls meta‑
bolic disease. Cell Metab 22(1):100–112
Jagannathan-Bogdan M, McDonnell ME, Shin H, Rehman Q, Hasturk
H, Apovian CM, Nikolajczyk BS (2011) Elevated pro-inflammatory
cytokine production by a skewed T cell compartment requires
monocytes and promotes inflammation in type 2 diabetes. J Immunol
186(2):1162–1172
Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, Hu Y, Tao ZW, Tian
JH, Pei YY, Yuan ML (2020) A new coronavirus associated with human
respiratory disease in China. Nature. 579(7798):265–269
Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, Abiona O, Gra‑
ham BS, McLellan JS (2020) Cryo-EM structure of the 2019-nCoV spike
in the prefusion conformation. Science. 367(6483):1260–1263
Gembardt F, Sterner-Kock A, Imboden H, Spalteholz M, Reibitz F, Schultheiss
HP, Siems WE, Walther T (2005) Organ-specific distribution of ACE2 mRNA
and correlating peptidase activity in rodents. Peptides. 26(7):1270–1277
Akter F, Araf Y, Naser IB, Promon SK (2021) Prospect of 3D bioprinting
over cardiac cell therapy and conventional tissue engineering in the
treatment of COVID-19 patients with myocardial injury. Regen Ther
Kruglikov IL, Scherer PE (2020) The role of adipocytes and adipocytelike cells in the severity of COVID-19 infections. Obesity.
Roca-Ho H, Riera M, Palau V, Pascual J, Soler MJ (2017) Characterization
of ACE and ACE2 expression within different organs of the NOD mouse.
Int J Mol Sci 18(3):563
Malavazos AE, Corsi Romanelli MM, Bandera F, Iacobellis G (2020)
Targeting the adipose tissue in COVID-19. Obesity.
Burns KD, Lytvyn Y, Mahmud FH, Daneman D, Deda L, Dunger DB,
Deanfield J, Dalton RN, Elia Y, Har R, Van JA (2017) The relationship
between urinary renin-angiotensin system markers, renal function, and
blood pressure in adolescents with type 1 diabetes. Am J Physiol Renal
Physiol 312(2):F335–F342
Gutta S, Grobe N, Kumbaji M, Osman H, Saklayen M, Li G, Elased
KM (2018) Increased urinary angiotensin converting enzyme 2 and
neprilysin in patients with type 2 diabetes. Am J Physiol Renal Physiol
315(2):F263–F274
Liang Y, Deng H, Bi S, Cui Z, Lata A, Zheng D, Wang Y (2015) Urinary
angiotensin converting enzyme 2 increases in patients with type 2
diabetic mellitus. Kidney Blood Press Res 40(2):101–110
Li XC, Zhang J, Zhuo JL (2017) The vasoprotective axes of the reninangiotensin system: physiological relevance and therapeutic implica‑
tions in cardiovascular, hypertensive and kidney diseases. Pharmacol
Res 125:21–38
Yang P, Gu H, Zhao Z, Wang W, Cao B, Lai C, Yang X, Zhang L, Duan Y,
Zhang S, Chen W (2014) Angiotensin-converting enzyme 2 (ACE2)
mediates influenza H7N9 virus-induced acute lung injury. Sci Rep
4:7027

Reshad et al. The Egyptian Journal of Bronchology

(2021) 15:53

68. Gupta R, Hussain A, Misra A (2020) Diabetes and COVID-19: evidence,
current status and unanswered research questions. Eur J Clin Nutr:1–7
69. Kornum JB, Thomsen RW, Riis A, Lervang HH, Schønheyder HC,
Sørensen HT (2008) Diabetes, glycemic control, and risk of hospitaliza‑
tion with pneumonia: a population-based case-control study. Diabetes
Care. 31(8):1541–1545
70. Kornum JB, Thomsen RW, Riis A, Lervang HH, Schønheyder HC,
Sørensen HT (2007) Type 2 diabetes and pneumonia outcomes: a
population-based cohort study. Diabetes Care. 30(9):2251–2257
71. Martins M, Boavida JM, Raposo JF, Froes F, Nunes B, Ribeiro RT, Macedo
MP, Penha-Gonçalves C (2016) Diabetes hinders community-acquired
pneumonia outcomes in hospitalized patients. BMJ Open Diabetes Res
Care 4(1)
72. Casqueiro J, Casqueiro J, Alves C (2012) Infections in patients with
diabetes mellitus: a review of pathogenesis. Indian J Endocrinol Metab
16(Suppl1):S27
73. Morra ME, Van Thanh L, Kamel MG, Ghazy AA, Altibi AM, Dat LM, Thy TN,
Vuong NL, Mostafa MR, Ahmed SI, Elabd SS (2018) Clinical outcomes
of current medical approaches for Middle East respiratory syndrome: a
systematic review and meta-analysis. Rev Med Virol 28(3):e1977
74. Philips BJ, Meguer JX, Redman J, Baker EH (2003) Factors determining
the appearance of glucose in upper and lower respiratory tract secre‑
tions. Intensive Care Med 29(12):2204–2210
75. Liu F, Long X, Zhang B, Zhang W, Chen X, Zhang Z (2020) ACE2 expres‑
sion in pancreas may cause pancreatic damage after SARS-CoV-2
infection. Clin Gastroenterol Hepatol
76. Tang N, Li D, Wang X, Sun Z (2020) Abnormal coagulation parameters
are associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost 18(4):844–847
77. Dunn EJ, Grant PJ (2005) Type 2 diabetes: an atherothrombotic syn‑
drome. Curr Mol Med 5(3):323–332
78. Meyfroidt G, Keenan DM, Wang X, Wouters PJ, Veldhuis JD, Van den
Berghe G (2010) Dynamic characteristics of blood glucose time series
during the course of critical illness: effects of intensive insulin therapy
and relative association with mortality. Crit Care Med 38(4):1021–1029
79. Mesejo A, Montejo-González JC, Vaquerizo-Alonso C, Lobo-Tamer G,
Zabarte-Martinez M, Herrero-Meseguer JI, Acosta-Escribano J, BlesaMalpica A, Martinez-Lozano F (2015) Diabetes-specific enteral nutrition
formula in hyperglycemic, mechanically ventilated, critically ill patients:
a prospective, open-label, blind-randomized, multicenter study. Crit
Care. 19(1):390
80. Foretz M, Taleux N, Guigas B, Horman S, Beauloye C, Andreelli F, Ber‑
trand L, Viollet B (2006) du métabolisme énergétique par l’AMPK. Méd
Sci 22(4):381–388
81. Amin S, Lux A, O’Callaghan F (2019) The journey of metformin from
glycaemic control to mTOR inhibition and the suppression of tumour
growth. Br J Clin Pharmacol 85(1):37–46
82. Plattner F, Bibb JA. Serine and threonine phosphorylation. InBasic
Neurochemistry 2012 Jan 1 (pp. 467-492). Academic Press.
83. Sharma S, Ray A, Sadasivam B (2020) Metformin in COVID-19: a possible
role beyond diabetes. Diabetes Res Clin Pract 164:108183
84. Khat DZ, Husain M (2018) Molecular mechanisms underlying the car‑
diovascular benefits of SGLT2i and GLP-1RA. Curr Diabetes Rep 18(7):45
85. Lahnwong S, Chattipakorn SC, Chattipakorn N (2018) Potential mecha‑
nisms responsible for cardioprotective effects of sodium–glucose
co-transporter 2 inhibitors. Cardiovasc Diabetol 17(1):101
86. Drucker DJ (2007) Dipeptidyl peptidase-4 inhibition and the treatment
of type 2 diabetes: preclinical biology and mechanisms of action.
Diabetes care. 30(6):1335–1343
87. Wu J, Mafham M, Mamas M, Rashid M, Kontopantelis E, Deanfield J, de
Belder M, Gale CP (2020) Place and underlying cause of death during
the COVID19 pandemic: retrospective cohort study of 3.5 million
deaths in England and Wales, 2014 to 2020. medRxiv
88. Rizzo M, Nikolic D, Patti AM, Mannina C, Montalto G, McAdams BS, Rizvi
AA, Cosentino F (2018) GLP-1 receptor agonists and reduction of car‑
diometabolic risk: potential underlying mechanisms. Biochim Biophys
Acta Mol Basis Dis 1864(9):2814–2821
89. Cao H, Zhang L, Hu X, Sha J, Jiang G, Li Y, Li T, Ren B Journal Pre-proofs
90. Neumiller JJ (2009) Differential chemistry (structure), mechanism of
action, and pharmacology of GLP-1 receptor agonists and DPP-4 inhibi‑
tors. J Am Pharm Assoc 49(5):S16–S29

Page 12 of 13

91. Iacobellis G (2020) COVID-19 and diabetes: can DPP4 inhibition play a
role? Diabetes Res Clin Pract 162
92. Lebovitz HE (2019) Thiazolidinediones: the forgotten diabetes medica‑
tions. Curr Diabetes Rep 19(12):151
93. Qiu D, Li XN (2015) Pioglitazone inhibits the secretion of pro-inflamma‑
tory cytokines and chemokines in astrocytes stimulated with lipopoly‑
saccharide. Int J Clin Pharmacol Ther 53(9):746
94. Carboni E, Carta AR, Carboni E (2020) Can pioglitazone be poten‑
tially useful therapeutically in treating patients with COVID-19? Med
Hypotheses:109776
95. McFarlane SI, Kumar A, Sowers JR (2003) Mechanisms by which
angiotensin-converting enzyme inhibitors prevent diabetes and cardio‑
vascular disease. Am J Cardiol 91(12):30–37
96. Ferrario CM, Ahmad S, Groban L (2020) Mechanisms by which angio‑
tensin-receptor blockers increase ACE2 levels. Nat Rev Cardiol 17(6):378
97. Mancini GJ, Etminan M, Zhang B, Levesque LE, FitzGerald JM, Brophy
JM (2006) Reduction of morbidity and mortality by statins, angiotensinconverting enzyme inhibitors, and angiotensin receptor blockers in
patients with chronic obstructive pulmonary disease. J Am Coll Cardiol
47(12):2554–2560
98. Jia H (2016) Pulmonary angiotensin-converting enzyme 2 (ACE2) and
inflammatory lung disease. Shock. 46(3):239–248
99. ACE A (2003) Antihypertensive drugs and risk of COVID-19? Nature.
426:450–454
100. Fedson DS (2016) Treating the host response to emerging virus
diseases: lessons learned from sepsis, pneumonia, influenza and Ebola.
Ann Transl Med 4(21)
101. Fang L, Karakiulakis G, Roth M (2020) Antihypertensive drugs and risk of
COVID-19?–authors’ reply. Lancet Respir Med 8(5):e32
102. Pal R, Bhadada SK (2020) COVID-19 and diabetes mellitus: an unholy
interaction of two pandemics. Diabetes Metab Syndr Clin Res Rev
103. Fathallah N, Slim R, Larif S, Hmouda H, Ben Salem C (2015) Druginduced hyperglycaemia and diabetes. Drug Saf 38(12):1153–1168.
https://doi.org/10.1007/s40264-015-0339-z
104. Suh S, Park MK (2017) Glucocorticoid-induced diabetes mellitus: an
important but overlooked problem. Endocrinol Metab (Seoul, Korea)
32(2):180–189. https://doi.org/10.3803/EnM.2017.32.2.180
105. Liu XX, Zhu XM, Miao Q, Ye HY, Zhang ZY, Li YM (2014) Hyperglyce‑
mia induced by glucocorticoids in nondiabetic patients: a metaanalysis. Ann Nutr Metab 65(4):324–332. https://doi.org/10.1159/
000365892
106. Hwang JL, Weiss RE (2014) Steroid-induced diabetes: a clinical and
molecular approach to understanding and treatment. Diabetes Metab
Res Rev 30(2):96–102. https://doi.org/10.1002/dmrr.2486
107. van Raalte DH, Ouwens DM, Diamant M (2009) Novel insights into
glucocorticoid-mediated diabetogenic effects: towards expansion of
therapeutic options? Eur J Clin Invest 39(2):81–93. https://doi.org/10.
1111/j.1365-2362.2008.02067.x
108. Sakoda H, Ogihara T, Anai M, Funaki M, Inukai K, Katagiri H, Fuku‑
shima Y, Onishi Y, Ono H, Fujishiro M, Kikuchi M, Oka Y, Asano T (2000)
Dexamethasone-induced insulin resistance in 3T3-L1 adipocytes is due
to inhibition of glucose transport rather than insulin signal transduc‑
tion. Diabetes 49(10):1700–1708. https://doi.org/10.2337/diabetes.49.
10.1700
109. Akter F, Araf Y, Hosen MJ (2021) Corticosteroids for COVID-19: worth it
or not? Mol Biol Rep:1–10
110. Boden G, Shulman GI (2002) Free fatty acids in obesity and type 2
diabetes: defining their role in the development of insulin resistance
and beta-cell dysfunction. Eur J Clin Invest 32(Suppl 3):14–23. https://
doi.org/10.1046/j.1365-2362.32.s3.3.x
111. Delaunay F, Khan A, Cintra A, Davani B, Ling ZC, Andersson A, Osten‑
son CG, Gustafsson J, Efendic S, Okret S (1997) Pancreatic beta cells
are important targets for the diabetogenic effects of glucocorticoids.
J Clin Invest 100(8):2094–2098. https://doi.org/10.1172/JCI119743 72.
Pereira, R. M., & Freire de Carvalh
112. Sallard E, Lescure FX, Yazdanpanah Y, Mentre F, Peiffer-Smadja N,
Florence AD, Yazdanpanah Y, Mentre F, Lescure FX, Peiffer-Smadja N,
Bouadma L (2020) Type 1 interferons as a potential treatment against
COVID-19. Antiviral Res 104791
113. Nakamura K, Kawasaki E, Imagawa A, Awata T, Ikegami H, Uchigata Y,
Kobayashi T, Shimada A, Nakanishi K, Makino H, Maruyama T (2011)

Reshad et al. The Egyptian Journal of Bronchology

114.
115.
116.
117.
118.
119.
120.
121.
122.

123.

124.
125.
126.
127.

128.
129.

130.
131.
132.
133.

134.

135.

(2021) 15:53

Type 1 diabetes and interferon therapy: a nationwide survey in
Japan. Diabetes Care. 34(9):2084–2089
Diabetes in COVID-19: prevalence, pathophysiology, prognosis and
practical considerations. https://doi.org/10.1016/j.dsx.2020.04.004
Gupta R, Ghosh A, Singh AK, Misra A (2020) Clinical considerations
for patients with diabetes in times of COVID-19 epidemic. Diabetes
Metab Syndr 14(3):211–212. https://doi.org/10.1016/j.dsx.2020.03.002
Glycemic control and hypoglycemia is the loser the winner? https://
care.diabetesjournals.org/content/31/10/2072
Maahs DM, DeSalvo D, Pyle L et al (2015) Effect of acetaminophen on
CGM glucose in an outpatient setting. Diabetes Care 38(10):e158–
e159. https://doi.org/10.2337/dc15-1096
Day M (2020) COVID-19: Ibuprofen should not be used for managing
symptoms, say doctors and scientists. BMJ 368:m1086 https://doi.
org/10.1136/bmj.m1086
Risk of fatal and nonfatal lactic acidosis with metformin use in type
2 diabetes mellitus. https://www.cochranelibrary.com/cdsr/doi/10.
1002/14651858.CD002967.pub4/full
Exploring sodium glucose co-transporter-2 (SGLT2) inhibitors for
organ protection in COVID-19. https://www.mdpi.com/2077-0383/9/
7/2030
Molecular mechanisms underlying the cardiovascular benefits
of SGLT2i and GLP1RA. https://link.springer.com/article/10.1007/
s11892-018-1011-7
Gomez-Peralta F, Abreu C, Gomez-Rodriguez S, Barranco RJ, Ump‑
ierrez GE (2018) Safety and efficacy of DPP4 inhibitor and basal
insulin in type 2 diabetes: an updated review and challenging clinical
scenarios. Diabetes Ther 9(5):1775–1789 https://doi.org/10.1007/
s13300-018-0488-z
Inzucchi SE, Bergenstal RM, Buse JB et al (2012) Management of
hyperglycemia in type 2 diabetes: a patient-centered approach: posi‑
tion statement of the American Diabetes Association (ADA) and the
European Association for the Study of Diabetes (EASD). Diabetologia
55(6):1577–1596. https://doi.org/10.1007/s00125-012-2534-0
Mendez CE, Umpierrez GE (2015) Pharmacotherapy for hypergly‑
cemia in noncritically ill hospitalized patients. Diabetes Spectr
27(3):180–188
Glycemic control of type 2 diabetic patients with coronavirus disease
during hospitalization: a proposal for early insulin therapy. https://
journals.physiology.org/doi/abs/10.1152/ajpendo.00163.2020
Sharma A (2020) Chloroquine paradox may cause more damage than
help fight COVID-19. Microbes Infect. [CrossRef ]
Wang M, Cao R, Zhang L et al (2020) Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus (2019nCoV) in vitro. Cell Res 30(3):269–271 https://doi.org/10.1038/
s41422-020-0282-0
COVID-19: immunopathology and its implications for therapy.
https://www.nature.com/articles/s41577-020-0308-3
Anesi GL (2020) Coronavirus disease 2019 (COVID-19): critical care
issues. UpToDate. Available from: https://www.uptodate.com/conte
nts/coronavirus-disease-2019-covid-19-critical-care-issues. Updated
8 Apr 2020; accessed 10 Apr 2020
Statins and the COVID-19 main protease: in silico evidence on direct
interaction. https://www.termedia.pl/Statins-and-the-COVID-19-main-
protease-in-silico-evidence-on-direct-interaction,19,40438,0,1.html
In-hospital use of statins is associated with a reduced risk of mortality
among individuals with COVID-19. https://www.sciencedirect.com/
science/article/pii/S1550413120303168
Outcomes in patients with COVID-19 infection taking ACEI/ARB.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7154066/
Pickersgill LM, Mandrup-Poulsen TR (2009) The anti-interleukin-1 in
type 1 diabetes action trial—background and rationale. Diabetes
Metab Res Rev 25:321–324; PMID:19405081. https://doi.org/10.1002/
dmrr.960
Mandrup-Poulsen T, Bendtzen K, Nerup J, Dinarello CA, Svenson M,
Nielsen JH (1986) Affinity-purified human interleukin I is cytotoxic to
isolated islets of Langerhans. Diabetologia 29:63–67; PMID:3514344.
https://doi.org/10.1007/BF02427283
Eizirik DL, Mandrup-Poulsen T (2001) A choice of death- -the signaltransduction of immune-mediated beta-cell apoptosis. Diabetologia
44:2115–2133; PMID:11793013. https://doi.org/10.1007/s001250100021

Page 13 of 13

136. Larsen CM, Faulenbach M, Vaag A, Ehses JA, Donath MY, MandrupPoulsen T (2009) Sustained effects of interleukin-1 receptor antago‑
nist treatment in type 2 diabetes. Diabetes Care 32:1663–1668;
PMID:19542207. https://doi.org/10.2337/dc09-0533
137. Nuki G, Bresnihan B, Bear MB, McCabe D, European Group Of Clinical
Investigators (2002) Long-term safety and maintenance of clinical
improvement following treatment with anakinra (recombinant
human interleukin-1 receptor antagonist) in patients with rheuma‑
toid arthritis: extension phase of a randomized, double-blind, pla‑
cebo-controlled trial. Arthritis Rheum 46:2838–2846; PMID:12428223.
https://doi.org/10.1002/art.10578
138. Tedesco D, Haragsim L (2012) Cyclosporine: a review. J Transplant
2012:230386; PMID:22263104. https://doi.org/10.1155/2012/230386
139. Laupacis A, Stiller CR, Gardell C, Keown P, Dupre J, Wallace AC et al
(1983) Cyclosporin prevents diabetes in BB Wistar rats. Lancet 1:10–12;
PMID:6129365. https://doi.org/10.1016/S0140-6736(83)91558-1
140. Stiller CR, Dupré J, Gent M, Jenner MR, Keown PA, Laupacis A et al
(1984) Effects of cyclosporine immunosuppression in insulindependent diabetes mellitus of recent onset. Science 223:1362–
1367; PMID:6367043. https://doi.org/10.1126/science.6367043
141. Mathieu C, Badenhoop K (2005) Vitamin D and type 1 diabetes
mellitus: state of the art. Trends Endocrinol Metab 16:261–266;
PMID:15996876. https://doi.org/10.1016/j.tem.2005.06.004
142. Hyppönen E, Läärä E, Reunanen A, Järvelin MR, Virtanen SM (2001)
Intake of vitamin D and risk of type 1 diabetes: a birth-cohort study.
Lancet 358:1500–1503. https://doi.org/10.1016/S0140-6736(01)06580-1
143. The EURODIAB Substudy 2 Study Group (1999) Vitamin D supple‑
ment in early childhood and risk for type I (insulin-dependent)
diabetes mellitus. Diabetologia 42:51–54; PMID:10027578. https://doi.
org/10.1007/s001250051112
144. Zhu Z, Lu Z, Xu T, Chen C, Yang G, Zha T, Lu J, Xue Y (2020) Arbidol
monotherapy is superior to lopinavir/ritonavir in treating COVID-19. J
Infect [CrossRef ]
145. Kanters S, Socias ME, Paton NI, Vitoria M, Doherty M, Ayers D, Popoff E,
Chan K, Cooper DA, Wiens MO et al (2017) Comparative efficacy and
safety of second-line antiretroviral therapy for treatment of HIV/AIDS: a
systematic review and network meta-analysis. Lancet HIV 4:e433–e441
146. FDA (2020) Remdesivir: EUA letter of authorisation. Published 1 May
2020. Available from https://www.fda.gov/media/137564/download.
Accessed 2 May 2020
147. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Driggin E,
Der Nigoghossian C, Ageno W, Madjid M, Guo Y et al (2020) COVID19 and thrombotic or thromboembolic disease: implications for
prevention, antithrombotic therapy, and follow-up. J Am Coll Cardiol
75:2950–2973 [CrossRef ] [PubMed]
148. Carraturo F, Del Giudice C, Morelli M, Cerullo V, Libralato G, Galdiero
E, Guida M (2020) Persistence of SARS-CoV-2 in the environment
and COVID-19 transmission risk from environmental matrices and
surfaces. Environ Pollut 115010
149. Setti L, Passarini F, De Gennaro G, Barbieri P, Perrone MG, Borelli M, Palmisani
J, Di Gilio A, Piscitelli P, Miani A. Airborne transmission route of COVID-19:
why 2 meters/6 feet of inter-personal distance could not be enough.
150. Chang R, Zun W (2020) Repositioning chloroquine as an ideal antivi‑
ral prophylaxis against COVID-19 – time is now. Preprints. https://doi.
org/10.20944/preprints202003.0279.v1
151. Gao J, Tian Z, Yang X (2020) Breakthrough: chloroquine phosphate
has shown apparent efficacy in treatment of COVID-19 associated
pneumonia in clinical studies. Biosci Trends 14(1):72–73
152. Katulanda P, Dissanayake HA, Ranathunga I et al (2020) Prevention
and management of COVID-19 among patients with diabetes: an
appraisal of the literature. Diabetologia 63:1440–1452. https://doi.
org/10.1007/s00125-020-05164-x

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

