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After the emergence of the novel 2019 coronavirus dis-
ease in P. R. China, this highly contagious disease has
been currently spread out to almost all countries, world-
wide. Novel 2019 coronavirus disease, Middle East
respiratory syndrome, and severe acute respiratory syn-
drome are reported to cause a higher risk for severe in-
fections in patients with chronic comorbidities, such as
hypertension and diabetes. These severe infections can
contribute to higher rates of morbidity and mortality in
these patients. In the present review, we discussed the
role and underlying mechanisms of the two most com-
mon chronic diseases, type-2 diabetes mellitus and hyper-
tension, in clinical manifestations and disease severity of
novel 2019 coronavirus disease, Middle East respiratory
syndrome and severe acute respiratory syndrome, with the
hope to provide evidence for better decision-making in the
treatment of this vulnerable population.
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1. Background
In mid-December 2019, the novel coronavirus disease 2019

(COVID-19) emerged in Wuhan, P. R. China. Up to now, COVID-
19 has spread out to almost all countries worldwide and by July
31th, 2020, almost 17, 499, 767 individuals have been affected by
this virus (World Health Organization., 2020). According to pre-
vious reports on two formerly coronavirus outbreaks, namely the
severe acute respiratory syndrome (SARS) in Beijing, P. R. China
in 2002 (with more than 8000 confirmed cases) (Chan-Yeung and
Xu, 2003; Huang et al., 2009) and the Middle East respiratory
syndrome (MERS) in Saudi Arabia in 2012 (with more than 2000
confirmed cases), and based on available data on COVID-19, the

most prevalent comorbidities of intensive care units in the patients
with these infectious diseases were identified as diabetes mellitus
(DM), hypertension, cerebrovascular diseases, and coronary heart
diseases (Fang et al., 2020; Guan et al., 2020; Madjid et al., 2020;
Yang et al., 2020).

SARS-CoV and SARS-CoV2 bind to angiotensin-converting
enzyme 2 (ACE2) on the surface of their target cells. In this re-
gard, ACE2 is expressed by epithelial cells in the lungs, kidneys,
and intestine (Wan et al., 2020). In patients with either type-1 or
type-2 diabetes mellitus, as a response to the treatment by ACE in-
hibitors and angiotensin II type I receptor blockers (ARBs), the ex-
pression of ACE2 is remarkably increased (Fang et al., 2020; Wan
et al., 2020). Hypertension can also be treated by the upregulation
of ACE2 via ARBs and ACE inhibitors (Li et al., 2017b). Under
these chronic conditions, it can also be suggested that ACE2 ex-
pression increases in response to the treatment with ACE inhibitors
and ARBs. Such an increase in the expression of ACE2 can make
the patient vulnerable to COVID-19 infection, as a result (Fang et
al., 2020). At the time of SARS outbreak, there was also some ev-
idence suggesting that diabetes from one hand can be a risk factor
for SARS infection, contributing to poor prognosis in the patients,
and from the other hand, SARS-CoV can also damage Langerhans
islets, contributing to acute insulin-dependent diabetes mellitus in
these patients (Yang et al., 2010). Therefore, this review aimed to
elucidate the role and underlying mechanisms of chronic condi-
tions, including DM and hypertension, in clinical manifestations
and disease severity of COVID-19, MERS and SARS.

2. Method
We searched the electronic databases of Pubmed, Google

Scholar, Excerpta Media Database (EMBASE), Web of Science
and ResearchGate, in an attempt to find all articles relevant to
the associations of hypertension and/or diabetes with COVID-19,
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SARS or MERS, published from January 1st 2003 until March
30th 2020. We applied no limitation to the language of articles.
The search strategies used for each database were separately de-
signed and MeSH terms were included. Our search strategy was
as follows:

#1 'COVID-19'
#2 'SARS-CoV-2'
#3 'SARS'
#4 'SARS-CoV'
#5 'MERS'
#6 'MERS-CoV'
#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6
#8 'Hypertension'
#9 'Diabetes'
#10 #8 OR #9
#11 #7 AND #10
We included all observational studies conducted on diabetic

and/or hypertensive adult patients with confirmed COVID-19,
SARS, and MERS. We, then, excluded those articles concern-
ing coronaviruses other than the SARS-CoV2, SARS-CoV and
MERS-CoV. Similar and duplicate studies were also excluded.
Screening the title and abstract of the articles, we selected the
relevant studies. After obtaining the full text of selected articles,
we also reviewed the reference sections to identify any additional
study.

3. Results
3.1 The role of diabetes mellitus and hypertension in acute
respiratory infections

Coronaviruses can cause intestinal and/or respiratory infec-
tions in animals and humans (Cheng et al., 2007). Severe respira-
tory infections, such as respiratory syncytial virus, influenza and
bacterial pneumonia, are known as cardiovascular disease (CVD)
triggers (Cowan et al., 2018; Madjid et al., 2007). Also, the exis-
tence of underlying CVD is normally associated to comorbidities,
which can probably cause an increase in the infectious diseases
severity and incidence (Dhainaut et al., 2005). Hypertension is
recognized as one of the strongest risk factors for nearly all vari-
ous CVDs, during life (Kjeldsen, 2018).

Worldwide, more than 425 million people are living with di-
abetes, which can be classified as type 1 (T1D) and type 2 dia-
betes (T2D) groups (Kulcsar et al., 2019). Diabetes complications
are frequent among patients with both types of diabetes and are
also responsible for considerable rates of morbidity and mortality.
Accordingly, poorly controlled diabetes may lead to several com-
plications including neuropathy, retinopathy, nephropathy, foot
ulcers, dental diseases and increased risks of infections, as well
(Moosaie et al., 2020; Papatheodorou et al., 2018). Notably, both
types of diabetes lead to hyperglycemia, but with different mecha-
nisms. T1D is usually resulted from an autoimmune-like condition
that causes damage in pancreas β cells, and consequently, reduc-
tion in producing insulin. However, T2D is developed when the
body cannot properly respond to insulin. The most common type
of diabetes is T2D, which consists about 85% to 95% of diabetic
cases throughout the world (Ebrahimpour-Malekshah et al., 2020;
Kulcsar et al., 2019). Etiologically, T2D is highly linked to obesity
as well as the outcomes of chronic inflammation caused by excess
adipose tissue. Many pro-inflammatory mediators are secreted by

adipose tissue macrophages and stressed adipocytes, which can
cause chronic low-degree inflammation. Such an inflammation
may reduce the responsiveness of cells to insulin, and thus, change
the regulation of homeostatic glucose (McLaughlin et al., 2017;
Zmora et al., 2017). The main physiological T2D characteristics
may be caused by hyperglycemia, glucose intolerance, and hyper-
insulinemia. Mice and humans with T2D have shown changes
from anti-inflammatory macrophages and predominately regula-
tory and T regulatory cells (T-regs) within the adipose tissue into T
helper 1 (Th1) and T helper 17 (Th17) CD4 positive T cells and the
predominately pro-inflammatory macrophages, as well (Meshkani
and Vakili, 2016; Xia et al., 2017). It is believed that such changes
in the immune system profile can result in different T2D-related
implications, like more vulnerability against infection (Hodgson
et al., 2015). Also, diabetes might weaken the innate immune sys-
tem (Badawi et al., 2010) and make individuals more sensitive to
a range of infectious diseases and severe illnesses (Badawi et al.,
2010; Dooley and Chaisson, 2009). For example, when seasonal
influenza epidemics happen, the patients with diabetes, compared
to healthy cases, are reported to have 6- fold greater risk for becom-
ing severely ill, 4-fold higher risk for pneumonia-related hospital-
izations and a 3-fold increased chance for death due to its com-
plications (Badawi et al., 2015). In addition, diabetes has several
features and complications in common with infectious diseases
such as the pro-inflammatory state, endothelial dysfunction and
the innate immune response weakening (Badawi et al., 2010). In
an acute viral infection, the shift of Th1, with microbicidal func-
tion by IFNγ to Th2, with an anti-inflammatory function by IL-4,
IL-5, IL-10, and IL-13, is related to a cytokine overload, which
together with diabetes, can induce a rise in cytokines level, harm
the endothelium, and consequently result in some complications
(Dharmashankar andWidlansky, 2010). The Th1-to-Th2 shift and
dampened innate immunity responses are reported to be involved
in linking the observed high prevalence rates of allergy in lethal vi-
ral infections, such as Dengue fever (Toledo et al., 2016). Diabetes
can also damage the functions of lymphocytes and macrophages,
which may subsequently result in diminished levels of immune
response (Dooley and Chaisson, 2009). Diabetes-related cellu-
lar insulinopenia and hyperglycemia are also known to damage
the functions of macrophages and lymphocytes, and as a result,
to cause a reduced level of immune response (Dooley and Chais-
son, 2009). Moreover, HbA1c values ≥ 9% are reported to be
connected with a 60% higher risk of pneumonia-associated com-
plications and hospitalization, due to decreased levels of immune
response (Kesavadev et al., 2012). Besides, the individual defense
against infection, which is highly mediated by cellular immunity
and the synthesis of associated cytokines, such as interleukins and
IFNs, is down regulated in diabetes (Arora et al., 2011; Badawi et
al., 2010) (Fig. 1).

3.2 Diabetes mellitus and hypertension in patients with
COVID-19

The SARS-CoV2 infection has rapidly reached to a pandemic
level, and due to its morbidity and mortality, has become a great
worldwide concern. It is also indicated that older adults and those
with obesity and/or underlying diseases such as diabetes and hy-
pertension are more vulnerable to this infection (Guan et al., 2020;
Li et al., 2020a; Yang et al., 2020; Zhang et al., 2020a). In a previ-
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Fig. 1. The role of diabetes mellitus in vulnerability to acute viral infections. Both types of diabetes mellitus (T2D and T1D) are accompanied by
hyperglycemia and obesity. Obesity, is defined by hypertrophy of adipose tissue that can lead to production of some pro-inflammatory mediators. This
adipose tissue induced mediators, alongside with inflammation caused by hyperglycemia, can lead to altered immune profile that can put patients at higher
risk of acute viral infections.

ous study among 1099 patients diagnosed with COVID-19, those
who had comorbidities of hypertension (23.7%), diabetes melli-

tus (16.2%), coronary heart diseases (5.8%), and cerebrovascular
diseases (CVD) (2.3%) represented much more disease severity,
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compared to others (Guan et al., 2020). Moreover, hypertension
and diabetes with incidence rates of 30% and 12%, respectively,
were the most common comorbidities of COVID-19 patients ad-
mitted to a hospital (Zhang et al., 2020a). Among 191 COVID-19
patients who were included in a cohort study conducted in China,
91 patients had underlying diseases such as hypertension, diabetes
and coronary heart disease, in order (Zhou et al., 2020). In this
regard, the COVID-19 patients with cerebrovascular disease and
diabetes comprised the majority of deceased cases from a group
of 52 patients admitted to an intensive care unit (Yang et al., 2020).

Currently, the US is an epicenter of the COVID-19 pandemic.
However, little data is currently available on a national level on
the characteristics of patients, treatments, and outcomes of criti-
cal COVID-19 cases. A cohort study analyzed 2215 laboratory-
confirmed COVID-19 adult cases, who were admitted to intensive
care units (ICUs) at 65 hospitals across the US, in order to deter-
mine death-related factors and analyze the interhospital variations
in treatment and outcomes. In specific, 1738 of the total patients
(78.5%) had at least one coexisting condition, including hyperten-
sion (1322 [59.7%]), diabetes (861 [38.9%]), and chronic lung dis-
ease (531 [24.0%]). In this study, more than 1 in every 3 patients
died within 28 days of admission to ICU. In specific, 824 (37.2%)
were discharged from the hospital within 28 days, 784 (35.4%)
diedwithin this timeframe, and 607 (27.4%) remained in the hospi-
tal. Respiratory failure (727 [92.7%]), septic shock (311 [39.7%]),
and kidney failure (295 [37.6%]) were the most prevalent causes
of death, with multiple patients having more than 1 cause (Gupta
et al., 2020b).

COVID-19 infection represents muchmore severity in those in-
dividuals with hypertension, diabetes, and coronary heart diseases.
This severity can be contributed to the imbalance of ACE2 and cy-
tokine storm mediated by Glucolipid metabolic disorder, as a con-
dition associated with the neuroendocrine disorders, insulin resis-
tance, oxidative stress, and chronic inflammatory responses (Chen
et al., 2020d). According to the Chinese center of disease control
report, COVID-19 patients with CVD, diabetes, and hypertension
had the higher fatality rates (10.5%, 7.3% and 6%, respectively)
compared to the overall fatality rate of 2.3% in COVID-19 patients
without these comorbidities (Wu and McGoogan, 2020). It has
also been confirmed that several factors may potentially worsen
the prognosis of COVID-19 disease in the patients. Accordingly,
old age, male sex, and diseases with high expression of ACE2
(such as CVD, hypertension, and diabetes) were identified to be
associated with a poor prognosis of COVID-19 patients (Chen et
al., 2020c; Giagulli et al., 2020).

SARS-CoV2 utilizes ACE2 for cell entry which is also used
by SARS-CoV. However, the novel virus uses no dipeptidyl pepti-
dase, which is a receptor used by MERS-CoV (Li et al., 2003; Raj
et al., 2013). Also, ACE2 is expressed in lungs and extrapulmonary
tissues including heart, kidneys, lung, and testis (Wan et al., 2020).
In a study on eight different ethnical groups, 0.64% of lung cells
were ACE2 positive, but surprisingly, among the Asian men, this
rate was 2.5%. According to this evidence, Asians may be more
vulnerable to COVID-19 compared to the other racial groups. Ad-
ditionally, ACE2 expression levels are higher in men than women
(Chen et al., 2020b; Li et al., 2020b).

Hypertension is suggested to cause pro-inflammatory actions

through inducing the expression of several mediators, including
chemokines, leukocyte adhesion molecules, specific growth fac-
tors, angiotensin, heat shock proteins and endothelin-1 (Bataillard
et al., 1995; Bush et al., 2000; Clozel et al., 1991; Haller et al.,
1995; Hilgers et al., 2000; Johnson et al., 1992; McCarron et al.,
1994; Schmid-Schönbein et al., 1991). Furthermore, a direct as-
sociation is reported between blood pressure reduction therapies
and decreases in some of the circulating inflammatory markers (Li
and Chen, 2005). Recent evidence also suggests an association
between this immune process and the rennin-angiotensin system
(RAS) (Pfab et al., 2007). The activation of RAS is often reflected
by an increased level of Ang II. In addition to its role in the regu-
lation of vascular tone, Ang II plays a determinant role in the in-
flammatory reactions. In hypertensive patients it is shown that the
monocytes in the peripheral blood are pre-activated and thus pro-
duce elevated levels of IL-1b, due to Ang II stimulation, in com-
parison with the healthy controls (Dörffel et al., 1999). Ang II also
induces the activation of NF-kB, which, in turn, induces MCP-1
and the synthesis of inflammatory cytokines, including TNF- α
and IL-6 (Han et al., 1999; Li , 2005; Ruiz-Ortega et al., 2002).

The most of comorbidities in COVID-19 patients are strongly
associated with the severity of the disease, and as mentioned ear-
lier, the comorbidities are generally treated by ACE inhibitors,
which induce ACE2 upregulation (Fang et al., 2020). Hyper-
tension, T1D and T2D, as the most prevalent comorbidities, are
treated by ARBs and ACE inhibitors, respectively (Wan et al.,
2020). Because, these drugs can upregulate ACE2 expression (Li
et al., 2017b). ACE2 hydrolyzes Ang1 and Ang2 to Ang1-9 and
Ang1-7, respectively. Ang1-7 plays different protective roles such
as anti-inflammatory, anti-hypertrophy, anti-cell proliferative and
anti-fibrosis effects (Vaduganathan et al., 2020). Therefore, blunt-
ing the activity of Ang1-7 can induce inflammation and acute im-
mune reactivity in the lungs (Touyz et al., 2020). The ACE2 up-
regulation induced by these drugs may facilitate the virus entry
(Fang et al., 2020) (Fig. 2). Besides, these drugs are suggested to
affect the severity and mortality of COVID-19 infection (Yang et
al., 2020).

Although the consumption of RAS inhibitors may affect the ex-
pression of ACE2, which may theoretically increase the prolifera-
tion of SARS-CoV, some studies have shown that RAS inhibitors
may change the expression of ACE2 in heart, kidneys, and plasma.
However, it is still not clear whether ACE2 expression in airway
epithelial cells is affected by RAS inhibitors. It should also be
noted that in patients with high blood pressure, the expression of
ACE2 is lower (Ferrario et al., 2005; Li et al., 2020b), and ACE
inhibitors could have ameliorating effects on those who are at the
risk of pneumonia or suffering from it. In a previous study, pre-
scribing lipophilic ACE inhibitors led to a reduction in the fatal-
ity of patients with community-acquired pneumonia. In terms of
treatment, these contradictions are of great importance, as ACE
inhibitors can reduce the inflammation and may be considered as
a potential novel therapy for inflammatory lung diseases, diabetes,
hypertension and cancers (Mortensen et al., 2008). Susceptibility
to SARS-CoV2 infection may also be attributed to ACE2 poly-
morphisms, since these genetic variations are related to diabetes
mellitus, hypertension and cerebral stroke, which are particularly
observed in the Asian population (Fang et al., 2020). Upon bind-
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Fig. 2. Angiotensin I is converted to angiotensin II by ACE enzyme. Angiotensin II a vasoconstrictor agent causing hypertension, inflammation and
acute lung injury. Moreover, angiotensin II induces the inflammatory pathway through activating NFκβ. It also stimulates monocytes to secrete IL-1β.
ACE2, the receptor of SARS-COV2 converts angiotensin I and angiotensin II to angiotensin 1-9 and angiotensin 1-7, respectively. ACE2 also counter
regulates ACE enzyme activation. Hypertension and diabetes induce an inflammatory state in the body. Furthermore, diabetes mellitus (DM) results in
more ACE2 and spike protein glycosylation which helps viral entry. DM patients also have elevated levels of furin protease which cleavage spike protein
and helps viral entry. Anti-hypertensive and hypoglycemic drugs that block the ACE enzyme pathway upregulate the expression of ACE2 and could
facilitate virus entry.

ing of SARS-CoV to its cellular receptor ACE2, the virus results
in ACE2 downregulation (Cui et al., 2019; Su et al., 2016). The
binding of coronavirus to ACE2 alone induces no severe lung in-
jury. However, downregulating ACE2, the level and activity of
angiotensin II (Ang II) may increase, and as ACE2 level is insuf-
ficient to counter its activity, an acute lung injury may be hap-
pened. Besides, in a recent study in patients with COVID-19, Ang
II levels were reported to be significantly increased, and to be pos-
itively associated to the level of lung injury and viral load (Guo
et al., 2020a; Vaduganathan et al., 2020).However, it has not been
fully understood so far whether SARS-CoV2 infection leads to the
ACE2 downregulation. That is why that the American College of
Cardiology and the American Society of Hypertension have sug-
gested to the patients to keep taking their antihypertensive drugs.
So, there may be beneficial effects in taking Ang II receptor block-
ers, TZDs, ACE inhibitors, statins and GLP-1 agonists in the con-
text of low ACE2 expression (Danser et al., 2020; Muniyappa and
Gubbi, 2020). Overall, there is currently no definite relationship
between the susceptibility to COVID-19 and the use of RAS in-
hibitors (Li et al., 2020b).

In a study conducted among COVID-19 patients, the males,
those with older age, and underlying diseases, such as hyperten-
sion, coronary heart disease, cardiomyopathy, and chronic kidney
disease had high troponin T levels c TNT. The patients with high c
TNT levels also had the increased levels of leukocyte count, pro-
lactin, D-dimer, N-terminal pro-brain natriuretic peptides and C
reactive protein, and a reduced level of lymphocyte counts (Guo et
al., 2020b). The patients with such characteristics had an increased
risk for developing severe complications, including acute respira-

tory distress syndrome, acute renal coagulopathy, acute lung in-
jury and malignant arrhythmia. Besides, those with elevated TNT
levels had the highest fatality rates, compared to those without
such an elevation (Madjid et al., 2020).

D-dimer is developed from lysis and formation of cross-linked
fibrins and reflects the activation of fibrinolysis and coagulation
(Zhang et al., 2018, 2020b). It has been shown that COVID-19
was connected to hemostatic abnormalities. In specific, elevated
D-dimer levels were seen in mortality cases (Connors and Levy,
2020; Zhou et al., 2020). Factors affiliated with mortality are high
D-dimer, elevated IL-6, increased PT, and other biomarkers that
indicate inflammation, high levels of troponin, and comorbidities
such as coronary artery disease, old age, hypertension, and dia-
betes (Connors and Levy, 2020; Guan et al., 2020).

A study suggested that serum levels of Inflammation-related
biomarkers, including serum ferritin, C-reactive protein, IL-6 and
coagulation index, and D-dimer, were significantly higher (P <

0.01) in patients with diabetes. This indicates that diabetic patients
are more susceptible to inflammatory storms, and ultimately, rapid
COVID-19 deterioration (Guo et al., 2020c). Moreover, new stud-
ies manifested a strong and independent connection between obe-
sity and the severity of COVID-19, even in the absence of other
co-morbidities (Lighter et al., 2020; Mosleh et al., 2020; Simon-
net et al., 2020). Obesity can be defined as a chronic inflammatory
condition linked with abnormal paracrine and endocrine activities
of adipocyte-derived factors. Obesity can cause disarrangement
in vascular homeostasis and can lead to endothelial disease. Even
though the procedure that leads obesity to aggravate COVID-19
infections are not completely understood, endothelial diseases are
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probably the necessary association (Engin, 2017; Korakas et al.,
2020; Mosleh et al., 2020). Prothrombotic conditions are obvious
in COVID-19 infected patients, along with stroke, high levels of
D-dimer, deep venous and arterial thrombosis, microvascular and
intracardiac thrombi, and pulmonary embolism. It is assumed that
endothelial diseases and endotheliitis (the blood vessel wall in-
flammation) cause the formation of thrombus (Ciceri et al., 2020;
Mosleh et al., 2020). Nevertheless, the prediction reliability and
the ideal cutoff value for D-dimer to prognose mortality are not
assessed properly (Tang et al., 2020; Zhang et al., 2020b).

Several studies have indicated that individuals with diabetes are
at a greater risk for SARS-CoV2 infection, and developing severe
complications like death (Bloomgarden, 2020; Hill et al., 2020).
It is confirmed that diabetic patients are more vulnerable to in-
fections, especially pneumonia and influenza. Nevertheless, good
glycemic control is beneficial, which lowers the infection risk in
these patients. Diabetic patients are generally more susceptible to
be severely infected by viruses, especially respiratory ones (Gupta
et al., 2020a). It has also been recently announced that viral clear-
ance in the patients with COVID-19 is delayed (Iacobellis, 2020;
Li et al., 2017a). A current study in Italy revealed that diabetic
patients accounted for more than two-thirds of SARS-CoV2 death
cases (Remuzzi and Remuzzi, 2020). Correspondingly, a Chinese
report revealed that among the COVID-19 patients admitted to an
intensive care unit, 48% had a comorbidity, within which hyper-
tension was the most common comorbid disease (30%), followed
by diabetes (19%) and coronary heart disease (8%). (Zhou et al.,
2020).

Several mechanisms are suggested as the underlying reasons
for why diabetic patients are prone to COVID-19 infection, includ-
ing high-affinity cellular binding and effective virus entry, delayed
viral clearance, decreased function of T cells, being more liable to
inflammation and cytokine storm and CVD comorbidities (Mu-
niyappa and Gubbi, 2020). Interestingly, having blood glucose of
diabetic patients under control (maintaining blood glucose within
the range of 3.9 to 10.0 mmol/L), adverse outcomes and mortal-
ity rate of the disease may be mitigated (Zhu et al., 2020). Also,
in a non-obese diabetic (NOD) diabetic mouse model study, an
increase was found in the ACE2 protein levels, compared to the
control group, which was ameliorated following insulin treatment
(Roca-Ho et al., 2017). Similarly, a recent study suggested that a
reduction in glycosylated ACE2 in the lungs and consequent gly-
cosylated viral binding sites may ameliorate COVID 19 symptoms,
which suggests a paracrine loop theory. This theory implicates
that infection of pancreas and lung with SARS-CoV2 may lead to
a hyperglycemic state followed by the upregulation in glycosylated
ACE2; hence, further virus binding and inflammation may occur
(Brufsky and Lotze, 2020).

A theory suggests that the DC-SIGN (dendritic cell-specific
ICAM-3-grabbing nonintegrin) and L-SIGN (DC-SIGNR,
CD209L, or lymph / liver-specific SIGN) carbohydrate receptor
is possibly a part of pathogenesis of the COVID-19 (Brufsky
and Lotze, 2020). Dendritic cells (DC) express DC-SIGN. As a
C-type lectin family membrane receptor, DC-SIGN is expressed
on DCs with a primary role in identifying high mannose glycans
found on pathogens or other cellular receptors (Garcia-Vallejo and
van Kooyk, 2013). With the expression of L-SIGN, as the other

SIGN detected in humans (Gardner et al., 2003), both mannose
receptors are implicated in virus capturing and entry into cells
(Marzi et al., 2004). L-SIGN, which is expressed on type II
alveolar cells of humans, is correlated with ACE2 (Jeffers et al.,
2004) and may increase ACE2 mediated binding and cellular
entrance of viral pseudotypes expressing the SARS-CoV spike
protein S (Marzi et al., 2004). Lentiviral pseudotyped viruses
that express SARS-CoV S protein need endosome acidification
for viral entry (Yang et al., 2004). DC-SIGN mediates these
pseudotyped vectors' binding to human DC with uptake into the
endosome, followed by endosome polarization and virus delivery
in an "infectious synapse" (Yang et al., 2004). De-glycosylation
decreases the infectivity of viral pseudotypes that express
SARS-CoV spike protein (Han et al., 2007). Specific asparagine
glycosylation sites in three clusters within the SARS CoV S
protein seem to be important for DC / L-SIGN, but not ACE2,
mediated SARS Co-V pseudotype entry (Han et al., 2007).
Infectivity mediated by DC / L-SIGN is decreased in proportion
to the number of mutated glycosylated sites, showing that the
glycosylated sites' number, and not just specific mutation, is
significant (Han et al., 2007), which shows a mechanism for
enhancement in viral virulence through increasing glycosylation
of the SARS-CoV-2 spike (Brufsky and Lotze, 2020).

In T2D, as the most common type of diabetes, the excessive
adipose tissue induces a mild chronic inflammatory status, which
affects glucose regulation and insulin sensitivity. Also, Hyper-
glycemia and inflammation induced by diabetes result in a defec-
tive and inefficient immune system. Accordingly, this defective
immunity is characterized by a diminished mobilization of poly-
morph nuclear leukocytes, chemotaxis and phagocytic activity.
These changes are results of a decrease in inflammatory cytokine
production in response to lipopolysaccharide, which is the prohi-
bition of tumor necrosis factor-alpha activity by T cells and im-
munoglobulin glycation (Iacobellis, 2020). It has been announced
that diabetes affects both arms of immunity. The innate immu-
nity impairment is characterized by the inhibition in neutrophil
chemotaxis, phagocytic activity and intracellular killing of mi-
crobes. Also, the adaptive immunity impairment can be identified
by a delay in both Th1 cell activation and the hyperinflammatory
process (Hodgson et al., 2015). Laboratory findings of the diabetic
patients with COVID-19 revealed higher levels of neutrophil and
leukocyte counts, fasting blood glucose, serum urea and creatinine
and creatinine kinase isoenzyme MB, compared to those without
diabetes on the point of admission. In another study, it was found
that the SARS-CoV2 patients with underlying disease of diabetes
presented much more severity of COVID-19 infection. These pa-
tients, compared to non-diabetic patients, developed more medi-
cal complications and higher incidence rates of antibiotic therapy,
invasive and non-invasive mechanical ventilation and death. The
COVID-19 patients also showed decreased levels of CD4 and CD8
Lymphocyte counts and increased levels in cytokine and proin-
flammatory T17 CD4 cells ratio (Guan et al., 2020; Wu and Mc-
Googan, 2020; Xu et al., 2020; Yang et al., 2020; Zhang et al.,
2020a).

ACE2 expression has been found to be increased in the lungs
of patients with diabetes (Rao et al., 2020). In rodent models
of DM, increasing in ACE2 expression was also observed iin the
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lungs, heart, pancreas and kidney (Roca-Ho et al., 2017; Wysocki
et al., 2006). ACE2 overexpression in diabetes can be modu-
lated with insulin treatment (Roca-Ho et al., 2017; Wysocki et al.,
2006). In contrary, the administration of hypoglycemic drugs such
as glucagon-like peptide -1 (GLP-1) agonists (e.g., liraglutide)
and thiazolidinediones (TZDs) (e.g., pioglitazone) may lead to the
ACE2 upregulation. Moreover, ACE inhibitors can be used as an-
tihypertensive drugs, as statins may induce ACE2 overexpression,
as well (Ferrario et al., 2005; Romaní-Pérez et al., 2015; Tikoo et
al., 2015;Wösten-van Asperen et al., 2011; Zhang et al., 2014). Fu-
rin is a protease involved in the cleavage process of the S1 and S2
domains of spike protein, and its circulating levels may be elevated
in diabetic patients (Fernandez et al., 2018). This elevation can be
considered as one of the reasons explaining the susceptibility of
diabetic patients to SARS-CoV2 infection (Fig. 2). Diabetic pa-
tients are regularly on GLP-1 receptor agonists and/or Dipeptidyl
peptidase-4 inhibitors (DPP4), as a class of oral hypoglycemic
drugs. Also, the effect of DPP4 inhibitors on the immune sys-
tem has not yet been fully known. It has been observed that DPP4
inhibition may not remarkably accelerate the risk of upper respi-
ratory tract infection (Yang et al., 2016). However, several stud-
ies indicated the anti-inflammatory and anti-adipogenic effects of
DPP4 and GLP-1 agonist administrations, respectively (Iacobel-
lis, 2015). The anti-inflammatory effects of GLP-1 is mediated
through decrease in macrophage infiltration (Iacobellis, 2020). A
reduction in insulin resistance and M1/M2 macrophage polariza-
tion has also been associated with the inhibition of DPP4 andGLP-
1 activation.

Furthermore, in a mouse model, ACE2 gene expression was re-
ported to be increased by estrogen (Bornstein et al., 2020). There-
fore, as men are at the higher risk for acquiring COVID-19 and
having more disease severity than women, ACE2 may be sug-
gested as a protective factor for SARS-CoV2 infection along with
its pathogenicity. Recent studies have also reported that ACE2
gene expression was much higher in the tissues of younger adults
and women, which is shown to has an inverse correlation with the
disease severity (Chen et al., 2020a). Brufsky reported a possible
explanation that the experiments of gene expression may not be
capable of measuring the posttranslational modifications, includ-
ing glycosylation of proteins (Brufsky and Lotze, 2020). Unlike
the amount of ACE2 protein, ACE2 activity in the lungs was re-
ported to neither rise nor fall by the insulin administration in the
NOD diabetic mouse model (Roca-Ho et al., 2017). Since the an-
tibody binding to proteins could be affected by glycosylation, as
measured by Western blot analysis, the above-mentioned findings
of the NOD diabetic mouse model study were consistent with an
increase in glycosylated ACE2, as opposed to total ACE2 (Bass
et al., 2017). Brufsky associated it to the amount of glycosylated
ACE2 receptor, which is responsible for virus binding as well as
fusion, not the amount of ACE2 alone. He also suggested a better
glycemic control in pre-diabetic and diabetic patients as a potential
mechanism to slow down the COVID-19 spread and to reduce the
severity of symptoms, which may be regarded to the high A1c as
a potential risk factor for COVID-19 (Brufsky and Lotze, 2020).
Moreover, the patients with SARAS-CoV2 who have comorbidi-
ties of diabetes, hypertension and CVD should be under the obser-
vation of ACE2 modulating drugs. In this regard, to better clarify

the mechanism involved in COVID-19 severity, a full description
of the drugs consumed is required (Fang et al., 2020).

3.3 Diabetes mellitus and hypertension in the patients with
MERS

The MERS-CoV epidemic appeared in Saudi Arabia in June
2012 (Mohd et al., 2016). The intermediate host of the virus were
dromedary camels, from which the virus could be transmitted to
humans via close contact. It was supposed that in the faraway past,
the MERS-CoV was probably transmitted to dromedary camels
from its origin, i.e. bats (Memish et al., 2020; Mohd et al., 2016).
Up to November 30, 2019, a total number of 2494 laboratory-
confirmed cases of MERS-CoV were reported. The virus resulted
in 858 deaths (case-mortality rate: 34.4%) within 26 countries.
The most of cases were from Saudi Arabia, including 2102 infec-
tion cases with a case-mortality rate of 37.1% (Madjid et al., 2020).
Male sex, older age and underlyingmedical conditions such as car-
diac diseases, diabetes mellitus, chronic kidney disease, hyperten-
sion, respiratory disease and cancers were identified as the clini-
cal risk factors responsible for MERSmortality (Matsuyama et al.,
2016; Park et al., 2018). A transmission study was performed in a
single extended family, and indicated that, among the confirmed
MERS-CoV positivemembers, there wasmore than 3 times higher
possibility of suffering from a comorbid disease (Arwady et al.,
2016). Another study reported that among 17 diabetic cases, 15
(88%) patients had poor outcome of the disease, including admis-
sion to intensive care unit and death. Meanwhile, only 7 out of 18
cases with comorbidities other than diabetes, had poor outcomes
of the disease. It was concluded that diabetes, in particular, has
significant effects on the severity of MERS-CoV disease (Garbati
et al., 2016). However, due to the target populations and also the
designs of the studies, there was a high heterogeneity within the
risk levels related to the different comorbidities. In several stud-
ies, diabetes was indicated as an important risk factor leading to
severe or fatal MERS disease. When a MERS patient has diabetes
as comorbidity, the odds ratio of developing severe or fatal MERS
disease is ranged from 2.47 to 7.24, depending on the target popu-
lation and also on the design of the study (Alraddadi et al., 2016;
Arwady et al., 2016; Banik et al., 2016; Choi et al., 2016).

A methodical analysis on 637 MERS-CoV cases showed the
comorbidity of hypertension, cardiac diseases, obesity and dia-
betes to be 50%, 30%, 16% and 50%, respectively (Badawi and
Ryoo, 2016). It is suggested that diabetes and conditions related
to it may downregulate the humoral and innate immune systems
by lowering the functions of neutrophils and T cells (Casqueiro et
al., 2012). In vitro (laboratory), hyperglycemia damages critical
components of innate immunity, including phagocytosis, chemo-
taxis and the bactericidal activity of macrophages and neutrophils,
which may cause secondary infections (Benfield et al., 2007). A
study by ((Badawi et al.)) also showed an etiological relationship
between diabetes and acute viral respiratory infections. However,
the direct effect of diabetes on severe respiratory infections still re-
quires more investigations. The rate of diabetes under acute viral
conditions should be evaluated to clarify the etiologic role of dia-
betes in case of infection seriousness (Garcia et al., 2012). ((Kulc-
sar et al.)) in a study used expression of human DPP4 to make
mice susceptible to MERS-CoV, and applied a diet with a high-fat
amount to induce them to T2D (Kulcsar et al., 2019). Being in-
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fected byMERS-CoV, mice that had diabetes showed a long phase
of acute disease and late recovery, which were not depended on the
virus titers. Their analysis demonstrated that the mice with dia-
betes developed delayed inflammation prolonged to 21 days since
infection. The mice with diabetes had less inflammatory mono-
cytes and macrophages. They also had fewer CD4 positive T cells,
which was associated with fewer amounts of the expressions of
Cxcl10 and Ccl2. In addition, the mice with diabetes had higher
amounts of expressing Il17α and lower amounts of the expressions
of Il12b, Tnfα, Arg1, and Il6. All these findings suggest that the
higher disease severity in MERS cases with T2D, as comorbidity,
is probably due to their deregulated immune response, which may
lead to more acute and prolonged lung pathology.

3.4 Diabetes mellitus and hypertension in patients with
SARS

Several studies on individuals suspected to pass out due to
SARS-CoV infection have evidenced some atypical pathological
changes, including fatty degeneration, hydropic degeneration and
interstitial cell affecting the pancreas, kidney and heart (Shi et al.,
2005). SARS-CoV may lead to CVDs, as well. In addition, my-
ocardial infarction and the acute coronary syndrome were reported
to occur following the SARS infection (Chong et al., 2004; Peiris et
al., 2003). In a small cohort study on 75 hospitalized patients diag-
nosed with SARS, acute myocardial infarction (AMI) was reported
to cause death in 2 out of 5 fatal cases (Peiris et al., 2003). In a
study among 121 individuals infected by SARS-CoV, a majority of
the patients (79.3%) had a good health history and only 20.7% (25
cases) had concurrent medical problems, including hypertension
(n = 7), asthma (n = 4), diabetes mellitus (n = 5), old pulmonary
tuberculosis (n = 1), valvular heart disease (n = 2), chronic renal
failure (n = 2), CVD (n = 1), bronchiectasis (n = 1), and stroke (n
= 2). These patients were managed based on the guidelines (Ho,
2003; Yu et al., 2006).

Based on the results of a previous study among patients with
SARS , having diabetes and/or other comorbidities (including can-
cers, CVD and chronic obstructive pulmonary disease) were cor-
related with a composite risk of intubation, death and the need
for admission to an intensive care unit (Dodek, 2004). In another
previous study, evenmild SARS cases who received no glucocorti-
coidmedicines during the study had higher levels of fasting plasma
glucose (FPG), suggesting that hyperglycemia may be an indepen-
dent death predictor, within (Yang et al., 2006). During follow-up,
they also found that diabetes occurred during the hospitalization of
20 out of 39 individuals who received no corticosteroids through-
out the SARS course. Additionally, diabetes was reported in two
of the patients after 3 years of follow-up. Among the SARS-CoV
infected individuals and their paired, healthy non- SARS-CoV in-
fected siblings therewere similarities in the rates of FPG, postpran-
dial plasma glucose (PPG) and insulin even 3 years after follow-up,
which indicated the temporary damage of SARS-CoV to islets.

The researchers' retrospective analyses showed that a history of
ambient hyperglycemia and diabetes prior to initiation of steroid
therapy were two independent risk factors for higher mortality and
morbidity rates. This study was the first study that showed the
high fatality rate of diabetic individuals experiencing SARS-CoV
infection. Since then, there have been a growing number of stud-
ies demonstrating the enhanced rates of morbidity and mortality

among diabetic individuals hospitalized with various severe med-
ical conditions, such as myocardial infarction, despite the inde-
pendent predictive role of the high FPG levels among hospitalized
nondiabetic patients (Umpierrez et al., 2002; Van den Berghe et
al., 2001, 2003). The diabetogenic effects of steroid drugs are also
recorded. A previous study (Xiao et al., 2004) has demonstrated
that 33 (34.7%) out of 95 SARS patients treated by steroids, experi-
enced steroid-induced diabetes. These results, altogether, provide
the evidence that hyperglycemia may increase the severity of viral
infections, mortality rates and the risk of severe hypoxia among
diabetic patients experiencing SARS. Insulin therapy and inten-
sive monitoring to achieve an appropriate metabolic control may
enhance the SARS patients' outcomes, which may be due to the
potentially damaging effects of ketosis and hyperglycemia on the
organs' function (Yang et al., 2006).

It was indicated that the binding of SARS-CoV spike (S) pro-
tein to its target cells' cellular receptor may mediate the SARS-
CoV infection (Li et al., 2003; Turner et al., 2004b; Yang et al.,
2010). Considering the extensive usage of ACE inhibitors (ACEIs)
for the treatment of cardiovascular diseases such as hypertension,
there was an interest in ACE2, as a possible treatment. This possi-
bility was highlighted with the relatively high ACE2 expression's
level in kidney and heart (Donoghue et al., 2000; Tipnis et al.,
2000). Despite its close resemblance to ACE and the maintenance
of several important active site characteristics, ACE2 showed a
distinctive choice as substrates, which may particularly function as
carboxypeptidase that eliminates single amino acids, unlike ACE
that eliminates dipeptides from a peptide's C-terminus (Donoghue
et al., 2000; Tipnis et al., 2000; Turner et al., 2004b). Addition-
ally, evidence shows that ACE2 acts as a functional receptor for
the S protein of SARS-CoV (Li et al., 2003; Turner et al., 2004b).
A study conducted on the location of ACE2 protein in 15 hu-
man organs showed that ACE2 was plentiful in the small intes-
tine and lung epithelia, where SARS-CoV could enter (Hamming
et al., 2004). Another study (Harmer et al., 2002) on 72 human
tissues evidenced the expression of ACE2 mRNA in testis, lung
parenchyma, bronchus and gastrointestinal, renal and cardiovas-
cular tissues, and pancreas, as well.

The most serious type of acute lung injury is known to be acute
respiratory distress syndrome (ARDS). ARDS, as a clinical dis-
ease with high mortality rate, is mostly caused by an elevated
rates of permeability in pulmonary vessels and pulmonary edema,
which is often induced by coughing, sepsis and pneumonia (such
as those caused by human influenza, bird flu, and SARS viruses)
(Lin et al., 2020). As mentioned earlier, ACE, as an important
enzyme in RAS, transforms angiotensin (Ang) I to the vasocon-
strictor Ang II. Accordingly, Ang II is believed to cause the most
of RAS' pathophysiological and physiological effects. This typical
conception of the RAS was questioned after the discovery of the
ACE2 enzyme, which diminishes Ang II and takes part in the pro-
duction of the antiproliferative and vasodilatory peptide, Ang 1-7
(Dean and Burrell, 2007). Extremely expressed in lung, ACE2was
proved to have protective effects in acute lung injury (Imai et al.,
2005; Lin et al., 2020). Lung tissue has an extreme activity in
the RAS and is the leading site for Ang II synthesis. Ang II is
also known as an important pulmonary vasoconstrictor. Notably
is that during hypoxia, RAS is triggered. In this regard, Ang II may
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not only promote the growth response of vascular smooth muscle
cells, but may also elevate directly the vascular remodeling and
avoid pneumonia and the shunts associated with lung injury (Kiely
et al., 1997). However, Ang II can also enhance the development
of pulmonary edema and hinder the lung's function (Imai et al.,
2005). It is currently understood that the impact of RAS inhibitors
on ACE2 is largely due to the ACE2 expression in the plasma, kid-
ney and heart (Li et al., 2020a). ACE2 expression has also indirect
associations with hypertension. It was also reported that (Crack-
ower et al., 2002) among rats, the gene maps of ACE2 to a defined
quantitative trait locus had an association with hypertension. Be-
sides, two single nucleotide polymorphisms in ACE2 gene locus
had an association with human CVD (Turner et al., 2004a). Fur-
thermore, in streptozotocin-induced diabetes among rats, protein
and renal tubule ACE2 mRNA expression have considerably de-
creased, but the expression of ACE2 protein increased in diabetic
glomeruli (Tikellis et al., 2003; Turner et al., 2004b).

Up to now, there is no proof that the use of RAS inhibitors can
cause patients to be more susceptible to the virus. Nonetheless, a
previous study reported that treatment with an ACEI may degrade
the ACE2 expression, but with no considerable impact on its ac-
tivity (Ferrario et al., 2005).

4. Conclusions
Diabetes may downregulate the humoral and innate immune

systems through reducing the functions of neutrophils and T cells,
which may result in secondary infections. Similarly, hyperten-
sion was found in association with several comorbidities, which
can increase the risk and severity of infectious diseases. That is
why that the individuals with diabetes mellitus and hypertension
are reported to be at higher risks for the late viral clearance of
the coronavirus, and the worsened prognosis in SARS, MERS and
COVID-19 infections. In SARS and COVID-19, this may also be
due to the association of the comorbidities with higher levels of
ACE2expression. It is also hypothesized that virus binding and fu-
sion are also due to the amount of glycosylated ACE2 receptor and
not the amount of ACE2, alone. Therefore, better glycemic con-
trol in pre-diabetic and diabetic patients is suggested as a potential
mechanism to slow down the COVID-19 spread, besides reducing
the severity of its symptoms. Furthermore, the control of blood
pressure and lipids should be carried out in the T2DM patients.
There is a need for careful consideration on the usage of ACE in-
hibitors in diabetes, hypertension, COVID-19 and SARS patients.
Furthermore, diabetes and hypertension are considered comorbidi-
ties and these patients with COVID-19 should receive early outpa-
tient treatment according to a multi-drug algorithm (McCullough
et al., 2020). More information regarding the profile of hazards
in the hospitalized SARS-CoV2 patients can be helpful in person-
alized treatments and better decision-making for this vulnerable
population.

Abbreviations
2019 Novel Coronavirus Disease: COVID-19; Middle East

Respiratory Syndrome: MERS; Severe Acute Respiratory Syn-
drome: SARS; Angiotensin-Converting Enzyme 2: ACE2; An-
giotensin II type-I Receptor Blockers: ARBs; Cardio Vascular
Disease: CVD; Type 1 Diabetes: T1D; Type 2 Diabetes: T2D; T

helper 1: Th1; T helper 17: Th17; Renin-Angiotensin: RAS; Acute
Respiratory Distress Syndrome: ARDS; Glucagon-Like Peptide -
1: GLP-1; Thiazolidinediones: TZDs; Acute Myocardial Infarc-
tion: AMI.

Authors' Contributions
Niloofar Deravi: Constructed the idea of manuscript- Super-

vised the course of the article- Co-wrote the manuscript- Critically
revised the manuscript; Mobina Fathi: Co-wrote the manuscript -
Did the data collection - Critically revised the manuscript; Kimia
Vakili: Co-wrote the manuscript - Did the data collection - Crit-
ically revised the manuscript; Shirin Yaghoobpoor: Co-wrote
the manuscript - Did the data collection- Critically revised the
manuscript; Marzieh Pirzadeh: Co-wrote the manuscript - Did
the literature review - Critically revised the manuscript; Melika
Mokhtari: Did the literature review- Co-wrote the manuscript-
Critically revised the manuscript; Tara Fazel: Co-wrote the
manuscript- Critically revised the manuscript; Elahe Ahsan: Co-
wrote the manuscript- Critically revised the manuscript; Samad
Ghaffari: Supervised the course of the article- Critically revised
the manuscript- Constructed the idea of manuscript.

Acknowledgements
The authors of the article would like to thankMrs. SarisaNajafi

for editing the article in English.

Conflicts of Interest
The authors declare they have no conflicts of interest.

Submitted: April 30, 2020

Revised: September 02, 2020

Accepted: September 07, 2020

Published: September 30, 2020

References
Alraddadi, B. M., Watson, J. T., Almarashi, A., Abedi, G. R., Turkistani,

A., Sadran, M., Housa, A., Almazroa, M. A., Alraihan, N. and Banjar,
A. (2016) Risk factors for primary Middle East respiratory syndrome
coronavirus illness in humans, Saudi Arabia, 2014. Emerging Infec-
tious Diseases 22, 49.

Arora, P., Garcia-Bailo, B., Dastani, Z., Brenner, D., Villegas, A., Ma-
lik, S., Spector, T. D., Richards, B., El-Sohemy, A. and Karmali, M.
(2011) Genetic polymorphisms of innate immunity-related inflamma-
tory pathways and their association with factors related to type 2 dia-
betes. BMC Medical Genetics 12, 95.

Arwady, M. A., Alraddadi, B., Basler, C., Azhar, E. I., Abuelzein, E.,
Sindy, A. I., Sadiq, B.M. B., Althaqafi, A. O., Shabouni, O. and Banjar,
A. (2016) Middle East respiratory syndrome coronavirus transmission
in extended family, Saudi Arabia, 2014. Emerging Infectious Diseases
22, 1395.

Badawi, A., Klip, A., Haddad, P., Cole, D. E., Bailo, B. G., El-Sohemy,
A. and Karmali, M. (2010) Type 2 diabetes mellitus and inflammation:
Prospects for biomarkers of risk and nutritional intervention.Diabetes,
Metabolic Syndrome and Obesity 3, 173.

Badawi, A. and Ryoo, S. G. (2016) Prevalence of comorbidities in theMid-
dle East respiratory syndrome coronavirus (MERS-CoV): a systematic
review and meta-analysis. International Journal of Infectious Diseases
49, 129-133.

Badawi, A., Sayegh, S., Sallam, M., Sadoun, E., Al-Thani, M., Alam, M.
W. and Arora, P. (2015) The global relationship between the prevalence
of diabetes mellitus and incidence of tuberculosis: 2000-2012. Global
Journal of Health Science 7, 183.

Volume 21, Number 3, 2020 393



Banik, G. R., Alqahtani, A. S., Booy, R. and Rashid, H. (2016) Risk fac-
tors for severity and mortality in patients with MERS-CoV: analysis of
publicly available data from Saudi Arabia. Virologica Sinica 31, 81-84.

Bass, J. J., Wilkinson, D. J., Rankin, D., Phillips, B. E., Szewczyk, N. J.,
Smith, K. and Atherton, P. J. (2017) An overview of technical con-
siderations for Western blotting applications to physiological research.
Scandinavian Journal of Medicine and Science in Sports 27, 4-25.

Bataillard, A., Renaudin, C. and Sassard, J. (1995) Silica attenuates hyper-
tension in Lyon hypertensive rats. Journal of Hypertension 13, 1581-
1584.

Benfield, T., Jensen, J. and Nordestgaard, B. (2007) Influence of diabetes
and hyperglycaemia on infectious disease hospitalisation and outcome.
Diabetologia 50, 549-554.

Bloomgarden, Z. T. (2020) Diabetes and COVID-19. Journal of Diabetes
12, 347-348.

Bornstein, S. R., Dalan, R., Hopkins, D., Mingrone, G. and Boehm, B. O.
(2020) Endocrine and metabolic link to coronavirus infection. Nature
Reviews Endocrinology 16, 1-2.

Brufsky, A. (2020) Hyperglycemia, hydroxychloroquine, and the COVID-
19 pandemic. Journal of Medical Virology 92, 770-775.

Brufsky, A. and Lotze, M. T. (2020) DC/L-SIGNs of hope in the COVID-
19 pandemic. Journal of Medical Virology 92, 1396-1398.

Bush, E., Maeda, N., Kuziel, W. A., Dawson, T. C., Wilcox, J. N., DeLeon,
H. and Taylor, W. R. (2000) CC chemokine receptor 2 is required for
macrophage infiltration and vascular hypertrophy in angiotensin II-
induced hypertension. Hypertension 36, 360-363.

Casqueiro, J., Casqueiro, J. and Alves, C. (2012) Infections in patients
with diabetes mellitus: A review of pathogenesis. Indian Journal of
Endocrinology and Metabolism 16, S27.

Chan-Yeung, M. and Xu, R. H. (2003) SARS: epidemiology. Respirology
8, S9-S14.

Chen, J., Jiang, Q., Xia, X., Liu, K., Yu, Z., Tao, W., Gong, W. and Han, J.-
D. J. (2020a) Individual variation of the SARS-CoV2 receptor ACE2
gene expression and regulation. Aging Cell 19, e13168.

Chen, L., Liu, W., Zhang, Q., Xu, K., Ye, G., Wu, W., Sun, Z., Liu, F.,
Wu, K. and Zhong, B. (2020b) RNA based mNGS approach identifies
a novel human coronavirus from two individual pneumonia cases in
2019 Wuhan outbreak. Emerging Microbes and Infections 9, 313-319.

Chen, X., Hu, W., Ling, J., Mo, P., Zhang, Y., Jiang, Q., Ma, Z., Cao, Q.,
Deng, L. and Song, S. (2020c) Hypertension and Diabetes Delay the
Viral Clearance in COVID-19 Patients. medRxiv (in press).

Chen, Y., Gong, X., Wang, L. and Guo, J. (2020d) Effects of hypertension,
diabetes and coronary heart disease on COVID-19 diseases severity: a
systematic review and meta-analysis. medRxiv (in press).

Cheng, V. C., Lau, S. K., Woo, P. C. and Yuen, K. Y. (2007) Severe
acute respiratory syndrome coronavirus as an agent of emerging and
reemerging infection. Clinical Microbiology Reviews 20, 660-694.

Choi, W. S., Kang, C.-I., Kim, Y., Choi, J.-P., Joh, J. S., Shin, H.-S., Kim,
G., Peck, K. R., Chung, D. R. and Kim, H. O. (2016) Clinical presenta-
tion and outcomes ofMiddle East respiratory syndrome in the Republic
of Korea. Infection and Chemotherapy 48, 118-126.

Chong, P. Y., Chui, P., Ling, A. E., Franks, T. J., Tai, D. Y., Leo, Y.
S., Kaw, G. J., Wansaicheong, G., Chan, K. P. and Ean Oon, L. L.
(2004) Analysis of deaths during the severe acute respiratory syndrome
(SARS) epidemic in Singapore: challenges in determining a SARS
diagnosis. Archives of Pathology and Laboratory Medicine 128, 195-
204.

Ciceri, F., Beretta, L., Scandroglio, A. M., Colombo, S., Landoni, G.,
Ruggeri, A., Peccatori, J., D'Angelo, A., De Cobelli, F. and Rovere-
Querini, P. (2020) Microvascular COVID-19 lung vessels obstructive
thromboinflammatory syndrome (MicroCLOTS): an atypical acute
respiratory distress syndrome working hypothesis. Critical Care and
Resuscitation 15, 95-97.

Clozel, M., Kuhn, H., Hefti, F. and Baumgartner, H. R. (1991) Endothe-
lial dysfunction and subendothelial monocyte macrophages in hyper-
tension. Effect of angiotensin converting enzyme inhibition.Hyperten-
sion 18, 132-141.

Connors, J. M. and Levy, J. H. (2020) COVID-19 and its implications for
thrombosis and anticoagulation. Blood, The Journal of the American

Society of Hematology 135, 2033-2040.
Cowan, L. T., Lutsey, P. L., Pankow, J. S., Matsushita, K., Ishigami, J.

and Lakshminarayan, K. (2018) Inpatient and outpatient infection as
a trigger of cardiovascular disease: the ARIC Study. Journal of the
American Heart Association 7, e009683.

Crackower, M. A., Sarao, R., Oudit, G. Y., Yagil, C., Kozieradzki, I.,
Scanga, S. E., Oliveira-dos-Santos, A. J., da Costa, J., Zhang, L. and
Pei, Y. (2002) Angiotensin-converting enzyme 2 is an essential regu-
lator of heart function. Nature 417, 822-828.

Cui, J., Li, F. and Shi, Z.-L. (2019) Origin and evolution of pathogenic
coronaviruses. Nature Reviews Microbiology 17, 181-192.

Danser, A. H. J., Epstein, M. and Batlle, D. (2020) Renin-Angiotensin
System Blockers and the COVID-19 Pandemic: At present there is no
evidence to abandon renin-angiotensin system blockers. Hypertension
75, 1382-1385.

Dean, R. G. and Burrell, L. M. (2007) ACE2 and diabetic complications.
Current Pharmaceutical Design 13, 2730-2735.

Dhainaut, J.-F., Claessens, Y.-E., Janes, J. and Nelson, D. R. (2005) Un-
derlying disorders and their impact on the host response to infection.
Clinical Infectious Diseases 41, S481-S489.

Dharmashankar, K. and Widlansky, M. E. (2010) Vascular endothelial
function and hypertension: insights and directions. Current Hyperten-
sion Reports 12, 448-455.

Dodek, P. (2004) Diabetes and other comorbid conditions were associated
with a poor outcome in SARS. ACP Journal Club 140, 19.

Donoghue, M., Hsieh, F., Baronas, E., Godbout, K., Gosselin, M.,
Stagliano, N., Donovan, M., Woolf, B., Robison, K. and Jeyaseelan,
R. (2000) A novel angiotensin-converting enzyme-related carboxypep-
tidase (ACE2) converts angiotensin I to angiotensin 1-9. Circulation
Research 87, e1-e9.

Dooley, K. E. and Chaisson, R. E. (2009) Tuberculosis and diabetes melli-
tus: convergence of two epidemics. The Lancet Infectious Diseases 9,
737-746.

Dörffel, Y., Lätsch, C., Stuhlmüller, B., Schreiber, S., Scholze, S.,
Burmester, G. R. and Scholze, J.r. (1999) Preactivated peripheral blood
monocytes in patients with essential hypertension. Hypertension 34,
113-117.

Ebrahimpour-Malekshah, R., Amini, A., Zare, F., Mostafavinia, A.,
Davoody, S., Deravi, N., Rahmanian, M., Hashemi, S. M., Habibi,
M., Ghoreishi, S. K., Chien, S., Shafikhani, S., Ahmadi, H., Bayat, S.
and Bayat, M. (2020) Combined therapy of photobiomodulation and
adipose-derived stem cells synergistically improve healing in an is-
chemic, infected and delayed healing wound model in rats with type 1
diabetes mellitus. BMJ Open BMJ Open Diabetes Research and Care
8, e001033.

Engin, A. (2017) Endothelial dysfunction in obesity. In, Engin, A. (eds.)
Obesity and Lipotoxicity (pp. 345-379). Springer.

Fang, L., Karakiulakis, G. and Roth, M. (2020) Are patients with hyperten-
sion and diabetes mellitus at increased risk for COVID-19 infection?
The Lancet. Respiratory Medicine 8, e21.

Fernandez, C., Rysä, J., Almgren, P., Nilsson, J., Engström, G., Orho-
Melander, M., Ruskoaho, H. and Melander, O. (2018) Plasma levels of
the proprotein convertase furin and incidence of diabetes and mortality.
Journal of Internal Medicine 284, 377-387.

Ferrario, C. M., Jessup, J., Chappell, M. C., Averill, D. B., Brosnihan,
K. B., Tallant, E. A., Diz, D. I. and Gallagher, P. E. (2005) Effect of
angiotensin-converting enzyme inhibition and angiotensin II receptor
blockers on cardiac angiotensin-converting enzyme 2. Circulation 111,
2605-2610.

Garbati, M. A., Fagbo, S. F., Fang, V. J., Skakni, L., Joseph, M., Wani, T.
A., Cowling, B. J., Peiris, M. and Hakawi, A. (2016) A comparative
study of clinical presentation and risk factors for adverse outcome in
patients hospitalised with acute respiratory disease due to MERS coro-
navirus or other causes. PLoS One 11, e0165978.

Garcia-Vallejo, J. J. and van Kooyk, Y. (2013) The physiological role of
DC-SIGN: A tale of mice andmen. Trends in Immunology 34, 482-486.

Garcia, M. C., Moros, M. J. S., Peralta, P. S.-O., Hernandez-Barrera, V.,
Jimenez-Garcia, R. and Pachon, I. (2012) Clinical characteristics and
outcomes of diabetic patients who were hospitalised with 2009 pan-

394 Deravi et al.



demic influenza A H1N1 infection. Journal of Infection 64, 218-224.
Gardner, J. P., Durso, R. J., Arrigale, R. R., Donovan, G. P., Maddon, P.

J., Dragic, T. and Olson, W. C. (2003) L-SIGN (CD 209L) is a liver-
specific capture receptor for hepatitis C virus. Proceedings of the Na-
tional Academy of Sciences 100, 4498-4503.

Giagulli, V. A., Guastamacchia, E., Magrone, T., Jirillo, E., Lisco, G., De
Pergola, G. and Triggiani, V. (2020) Worse progression of COVID-19
in men: Is Testosterone a key factor? Andrology (in press).

Guan, W.-j., Ni, Z.-y., Hu, Y., Liang, W.-h., Ou, C.-q., He, J.-x., Liu, L.,
Shan, H., Lei, C.-l. and Hui, D. S. (2020) Clinical characteristics of
coronavirus disease 2019 in China. New England Journal of Medicine
382, 1708-1720.

Guo, J., Huang, Z., Lin, L. and Lv, J. (2020a) Coronavirus Disease 2019
(COVID-19) and Cardiovascular Disease: A viewpoint on the poten-
tial influence of angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers on onset and severity of Severe Acute Respiratory
Syndrome Coronavirus 2 infection. Journal of the American Heart As-
sociation 9, e016219.

Guo, T., Fan, Y., Chen, M., Wu, X., Zhang, L., He, T., Wang, H., Wan, J.,
Wang, X. and Lu, Z. (2020b) Cardiovascular implications of fatal out-
comes of patients with coronavirus disease 2019 (COVID-19). JAMA
Cardiology 5, 811-818.

Guo, W., Li, M., Dong, Y., Zhou, H., Zhang, Z., Tian, C., Qin, R., Wang,
H., Shen, Y., Du, K., Zhao, L., Fan, H., Luo, S. and Hu, D. (2020c)
Diabetes is a risk factor for the progression and prognosis of COVID-
19. Diabetes/metabolism Research and Reviews 31, e3319.

Gupta, R., Ghosh, A., Singh, A. K. and Misra, A. (2020a) Clinical con-
siderations for patients with diabetes in times of COVID-19 epidemic.
Diabetes and Metabolic Syndrome 14, 211.

Gupta, S., Hayek, S. S., Wang, W., Chan, L., Mathews, K. S., Melamed,
M. L., Brenner, S. K., Leonberg-Yoo, A., Schenck, E. J. and Radbel, J.
(2020b) Factors associatedwith death in critically ill patients with coro-
navirus disease 2019 in the US. JAMA Internal Medicine 15, e203596.

Haller, H., Behrend, M., Park, J. K., Schaberg, T., Luft, F. C. and Dis-
tler, A. (1995) Monocyte infiltration and c-fms expression in hearts of
spontaneously hypertensive rats. Hypertension 25, 132-138.

Hamming, I., Timens, W., Bulthuis, M., Lely, A., Navis, G. and van Goor,
H. (2004) Tissue distribution of ACE2 protein, the functional receptor
for SARS coronavirus. A first step in understanding SARS pathogen-
esis. The Journal of Pathology: A Journal of the Pathological Society
of Great Britain and Ireland 203, 631-637.

Han, D. P., Lohani, M. and Cho, M. W. (2007) Specific asparagine-linked
glycosylation sites are critical for DC-SIGN-and L-SIGN-mediated se-
vere acute respiratory syndrome coronavirus entry. Journal of Virology
81, 12029-12039.

Han, Y., Runge, M. S. and Brasier, A. R. (1999) Angiotensin II induces
interleukin-6 transcription in vascular smooth muscle cells through
pleiotropic activation of nuclear factor-κB transcription factors. Cir-
culation Research 84, 695-703.

Harmer, D., Gilbert, M., Borman, R. and Clark, K. L. (2002) Quantita-
tive mRNA expression profiling of ACE 2, a novel homologue of an-
giotensin converting enzyme. FEBS Letters 532, 107-110.

Hilgers, K. F., Hartner, A., Porst, M., Mai, M., Wittmann, M., Hugo, C.,
Ganten, D., Geiger, H., Veelken, R. and Mann, J. F. (2000) Monocyte
chemoattractant protein-1 and macrophage infiltration in hypertensive
kidney injury. Kidney International 58, 2408-2419.

Hill, M. A., Mantzoros, C. and Sowers, J. R. (2020) Commentary:
COVID-19 in patients with diabetes.Metabolism.

Ho, W. (2003) Guideline on management of severe acute respiratory syn-
drome (SARS). The Lancet 361, 1313-1315.

Hodgson, K., Morris, J., Bridson, T., Govan, B., Rush, C. and Ketheesan,
N. (2015) Immunological mechanisms contributing to the double bur-
den of diabetes and intracellular bacterial infections. Immunology 144,
171-185.

Huang, Y.-T., Lee, Y.-C. and Hsiao, C.-J. (2009) Hospitalization for
ambulatory-care-sensitive conditions in Taiwan following the SARS
outbreak: a population-based interrupted time series study. Journal of
the Formosan Medical Association 108, 386-394.

Iacobellis, G. (2015) Local and systemic effects of the multifaceted epi-

cardial adipose tissue depot. Nature Reviews Endocrinology 11, 363.
Iacobellis, G. (2020) COVID-19 and diabetes: Can DPP4 inhibition play

a role? Diabetes Research and Clinical Practice 162, 108125.
Imai, Y., Kuba, K., Rao, S., Huan, Y., Guo, F., Guan, B., Yang, P., Sarao,

R.,Wada, T. and Leong-Poi, H. (2005)Angiotensin-converting enzyme
2 protects from severe acute lung failure. Nature 436, 112-116.

Jeffers, S. A., Tusell, S. M., Gillim-Ross, L., Hemmila, E. M., Achenbach,
J. E., Babcock, G. J., Thomas, W. D., Thackray, L. B., Young, M. D.
and Mason, R. J. (2004) CD209L (L-SIGN) is a receptor for severe
acute respiratory syndrome coronavirus. Proceedings of the National
Academy of Sciences 101, 15748-15753.

Johnson, R. J., Alpers, C. E., Yoshimura, A., Lombardi, D., Pritzl, P.,
Floege, J. and Schwartz, S. M. (1992) Renal injury from angiotensin
II-mediated hypertension. Hypertension 19, 464-474.

Kesavadev, J., Misra, A., Das, A. K., Saboo, B., Basu, D., Thomas, N.,
Joshi, S. R., Unnikrishnan, A., Shankar, A. and Krishnan, G. (2012)
Suggested use of vaccines in diabetes. Indian Jurnal of Edocrinology
and Mtabolism 16, 886.

Kiely, D. G., Cargill, R. I., Wheeldon, N. M., Coutie, W. J. and Lipworth,
B. J. (1997) Haemodynamic and endocrine effects of type 1 angiotensin
II receptor blockade in patients with hypoxaemic cor pulmonale. Car-
diovascular Rsearch 33, 201-208.

Kjeldsen, S. E. (2018) Hypertension and cardiovascular risk: general as-
pects. Pharmacological search 129, 95-99.

Korakas, E., Ikonomidis, I., Kousathana, F., Balampanis, K., Kountouri,
A., Raptis, A., Palaiodimou, L., Kokkinos, A. and Lambadiari, V.
(2020) Obesity and COVID-19: immune and metabolic derangement
as a possible link to adverse clinical outcomes. American Journal of
Physiology-Endocrinology and Metabolism 319, E105-E109.

Kulcsar, K. A., Coleman, C. M., Beck, S. E. and Frieman, M. B. (2019)
Comorbid diabetes results in immune dysregulation and enhanced dis-
ease severity following MERS-CoV infection. JCI insight 4, e131774.

Li, B., Yang, J., Zhao, F., Zhi, L., Wang, X., Liu, L., Bi, Z. and Zhao, Y.
(2020a) Prevalence and impact of cardiovascular metabolic diseases on
COVID-19 in China. Clinical Research in Cardiology 109, 1-538.

Li, G., Hu, R. and Zhang, X. (2020b) Antihypertensive treatment with
ACEI/ARB of patients with COVID-19 complicated by hypertension.
Hypertension Research 43, 8-590.

Li, J.-J. and Chen, J.-L. (2005) Inflammation may be a bridge connecting
hypertension and atherosclerosis.Medical Hpotheses 64, 925-929.

Li, J., Doerffel, Y., Hocher, B. and Unger, T. 2007.Inflammation in the
genesis of hypertension and its complications-the role of angiotensin
II. Oxford University Press.

Li, K., Wohlford-Lenane, C. L., Channappanavar, R., Park, J.-E., Earnest,
J. T., Bair, T. B., Bates, A. M., Brogden, K. A., Flaherty, H. A. and
Gallagher, T. (2017a) Mouse-adapted MERS coronavirus causes lethal
lung disease in human DPP4 knockin mice. Proceedings of the Na-
tional Academy of Sciences 114, E3119-E3128.

Li, W., Moore, M. J., Vasilieva, N., Sui, J., Wong, S. K., Berne, M. A.,
Somasundaran, M., Sullivan, J. L., Luzuriaga, K. and Greenough, T.
C. (2003) Angiotensin-converting enzyme 2 is a functional receptor
for the SARS coronavirus. Nature 426, 450-454.

Li, X. C., Zhang, J. and Zhuo, J. L. (2017b) The vasoprotective axes of
the renin-angiotensin system: Physiological relevance and therapeu-
tic implications in cardiovascular, hypertensive and kidney diseases.
Pharmacological Rearch 125, 21-38.

Lighter, J., Phillips, M., Hochman, S., Sterling, S., Johnson, D., Francois,
F. and Stachel, A. (2020) Obesity in patients younger than 60 years is
a risk factor for Covid-19 hospital admission. Clinical Infectious Dis-
eases 71, 6-897.

Lin, L., Cheng, K., Tan,M. T., Zhao, L., Huang, Z., Yao, C.,Wu, F., Zhang,
H. and Shen, X. (2020) Comparison of the effects of 10.6-µm infrared
laser and traditional moxibustion in the treatment of knee osteoarthritis.
Lasers in Mdical Sience 35, 823-832.

Madjid, M., Miller, C. C., Zarubaev, V. V., Marinich, I. G., Kiselev, O. I.,
Lobzin, Y. V., Filippov, A. E. and Casscells III, S. W. (2007) Influenza
epidemics and acute respiratory disease activity are associated with a
surge in autopsy-confirmed coronary heart disease death: results from
8 years of autopsies in 34 892 subjects. European Heart Journal 28,

Volume 21, Number 3, 2020 395



1205-1210.
Madjid, M., Safavi-Naeini, P., Solomon, S. D. and Vardeny, O. (2020) Po-

tential Effects of Coronaviruses on the Cardiovascular System. JAMA
Cardiology 5, 831.

Marzi, A., Gramberg, T., Simmons, G., Möller, P., Rennekamp, A. J.,
Krumbiegel, M., Geier, M., Eisemann, J., Turza, N. and Saunier, B.
(2004) DC-SIGN and DC-SIGNR interact with the glycoprotein of
Marburg virus and the S protein of severe acute respiratory syndrome
coronavirus. Journal of Virology 78, 12090-12095.

Matsuyama, R., Nishiura, H., Kutsuna, S., Hayakawa, K. and Ohmagari,
N. (2016) Clinical determinants of the severity of Middle East respira-
tory syndrome (MERS): a systematic review and meta-analysis. BMC
Public Health 16, 1203.

McCarron, R., Wang, L., Sirén, A.-L., Spatz, M. and Hallenbeck, J.
(1994) Monocyte adhesion to cerebromicrovascular endothelial cells
derived from hypertensive and normotensive rats. American Journal
of Physiology-Heart and Circulatory Physiology 267, H2491-H2497.

McCullough, P. A., Kelly, R. J., Ruocco, G., Lerma, E., Tumlin, J., Whee-
lan, K. R., Katz, N., Lepor, N. E., Vijay, K., Carter, H., Singh, B.,
McCullough, S. P., Bhambi, B. K., Palazzuoli, A., De Ferrari, G. M.,
Milligan, G. P., Safder, T., Tecson, K. M., Wang, D. D., McKinnon, J.
E., O'Neill, W. W., Zervos, M. and Risch, H. A. (2020) Pathophysio-
logical Basis and Rationale for Early Outpatient Treatment of SARS-
CoV-2 (COVID-19) Infection. The American Journal of Medicine (in
press).

McLaughlin, T., Ackerman, S. E., Shen, L. and Engleman, E. (2017) Role
of innate and adaptive immunity in obesity-associated metabolic dis-
ease. The Journal of Clinical Investigation 127, 5-13.

Memish, Z. A., Perlman, S., Van Kerkhove, M. D. and Zumla, A. (2020)
Middle East respiratory syndrome. The Lancet 395, 1063-1077.

Meshkani, R. and Vakili, S. (2016) Tissue resident macrophages: Key
players in the pathogenesis of type 2 diabetes and its complications.
Clinica Chimica Acta 462, 77-89.

Mohd, H. A., Al-Tawfiq, J. A. and Memish, Z. A. (2016) Middle East res-
piratory syndrome coronavirus (MERS-CoV) origin and animal reser-
voir. Virology Journal 13, 87.

Moosaie, F., Davatgari, R. M., Firouzabadi, F. D., Esteghamati, S., Deravi,
N., Meysamie, A., Khaloo, P., Nakhjavani, M. and Esteghamati, A.
(2020) Lipoprotein(a) and Apolipoproteins as Predictors for Diabetic
Retinopathy and Its Severity in Adults With Type 2 Diabetes: A Case-
Cohort Study. Can J Diabetes 44, 414-421.

Mortensen, E. M., Restrepo, M. I., Copeland, L. A., Pugh, J. A.
and Anzueto, A. (2008) Association of hydrophilic versus lipophilic
angiotensin-converting enzyme inhibitor use on pneumonia-related
mortality. The American Journal of the Medical Sciences 336, 462-
466.

Mosleh, W., Chen, K., Pfau, S. E. and Vashist, A. (2020) Endotheliitis
and Endothelial Dysfunction in Patients with COVID-19: Its Role in
Thrombosis and Adverse Outcomes. Journal of Clinical Medicine 9,
1862.

Muniyappa, R. and Gubbi, S. (2020) COVID-19 pandemic, coronaviruses,
and diabetes mellitus. American Journal of Physiology-Endocrinology
and Metabolism 318, E736-E741.

Papatheodorou, K., Banach, M., Bekiari, E., Rizzo, M. and Edmonds, M.
(2018) Complications of Diabetes 2017. Journal of Diabetes Research
2018, 1-4.

Park, J.-E., Jung, S. and Kim, A. (2018) MERS transmission and risk fac-
tors: a systematic review. BMC Public Health 18, 574.

Peiris, J. S. M., Chu, C.-M., Cheng, V. C.-C., Chan, K., Hung, I., Poon, L.
L., Law, K.-I., Tang, B., Hon, T. and Chan, C. (2003) Clinical progres-
sion and viral load in a community outbreak of coronavirus-associated
SARS pneumonia: a prospective study. The Lancet 361, 1767-1772.

Pfab, T., Stirnberg, B., Sohn, A., Krause, K., Slowinski, T., Godes, M.,
Guthmann, F., Wauer, R., Halle, H. and Hocher, B. (2007) Impact
of maternal angiotensinogen M235T polymorphism and angiotensin-
converting enzyme insertion/deletion polymorphism on blood pres-
sure, protein excretion and fetal outcome in pregnancy. Journal of Hy-
pertension 25, 1255-1261.

Raj, V. S., Mou, H., Smits, S. L., Dekkers, D. H., Müller, M. A., Dijkman,

R., Muth, D., Demmers, J. A., Zaki, A. and Fouchier, R. A. (2013)
Dipeptidyl peptidase 4 is a functional receptor for the emerging human
coronavirus-EMC. Nature 495, 251-254.

Rao, S., Lau, A. and So, H.-C. (2020) Exploring diseases/traits and blood
proteins causally related to expression of ACE2, the putative recep-
tor of 2019-nCov: A Mendelian Randomization analysis. medRxiv (in
press).

Remuzzi, A. and Remuzzi, G. (2020) COVID-19 and Italy: what next?
the Lancet 395, 1225-1228.

Roca-Ho, H., Riera, M., Palau, V., Pascual, J. and Soler, M. J. (2017)
Characterization of ACE and ACE2 expression within different organs
of the NOD mouse. International Journal of Molecular Sciences 18,
563.

Romaní-Pérez, M., Outeiriño-Iglesias, V., Moya, C. M., Santisteban, P.,
González-Matías, L. C., Vigo, E. andMallo, F. (2015) Activation of the
GLP-1 receptor by liraglutide increases ACE2 expression, reversing
right ventricle hypertrophy, and improving the production of SP-A and
SP-B in the lungs of type 1 diabetes rats. Endocrinology 156, 3559-
3569.

Ruiz-Ortega, M., Ruperez, M., Lorenzo, O., Esteban, V., Blanco, J., Mez-
zano, S. and Egido, J. (2002) Angiotensin II regulates the synthesis
of proinflammatory cytokines and chemokines in the kidney. Kidney
International 62, S12-S22.

Schmid-Schönbein, G., Seiffge, D., DeLano, F. A., Shen, K. and
Zweifach, B. W. (1991) Leukocyte counts and activation in sponta-
neously hypertensive and normotensive rats. Hypertension 17, 323-
330.

Shi, X., Gong, E., Gao, D., Zhang, B., Zheng, J., Gao, Z., Zhong, Y., Zou,
W., Wu, B. and Fang, W. (2005) Severe acute respiratory syndrome
associated coronavirus is detected in intestinal tissues of fatal cases.
American Journal of Gastroenterology 100, 169-176.

Simonnet, A., Chetboun, M., Poissy, J., Raverdy, V., Noulette, J.,
Duhamel, A., Labreuche, J., Mathieu, D., Pattou, F., Integrated Center
for Obesity Centre Hospitalier Universitaire Lille Lille France, et al.
(2020) High Prevalence of Obesity in Severe Acute Respiratory Syn-
drome Coronavirus-2 (SARS-CoV-2) Requiring Invasive Mechanical
Ventilation. Obesity 28, 1195-1199.

Su, S., Wong, G., Shi, W., Liu, J., Lai, A. C., Zhou, J., Liu, W., Bi, Y. and
Gao, G. F. (2016) Epidemiology, genetic recombination, and patho-
genesis of coronaviruses. Trends in Microbiology 24, 490-502.

Tang, N., Li, D., Wang, X. and Sun, Z. (2020) Abnormal coagulation
parameters are associated with poor prognosis in patients with novel
coronavirus pneumonia. Journal of Thrombosis and Haemostasis 18,
844-847.

Tikellis, C., Johnston, C. I., Forbes, J. M., Burns, W. C., Burrell, L.
M., Risvanis, J. and Cooper, M. E. (2003) Characterization of renal
angiotensin-converting enzyme 2 in diabetic nephropathy. Hyperten-
sion 41, 392-397.

Tikoo, K., Patel, G., Kumar, S., Karpe, P. A., Sanghavi, M., Malek, V. and
Srinivasan, K. (2015) Tissue specific up regulation of ACE2 in rabbit
model of atherosclerosis by atorvastatin: Role of epigenetic histone
modifications. Biochemical Pharmacology 93, 343-351.

Tipnis, S. R., Hooper, N. M., Hyde, R., Karran, E., Christie, G. and
Turner, A. J. (2000) A human homolog of angiotensin-converting en-
zyme cloning and functional expression as a captopril-insensitive car-
boxypeptidase. Journal of Biological Chemistry 275, 33238-33243.

Toledo, J., George, L., Martinez, E., Lazaro, A., Han, W. W., Coelho,
G. E., Runge Ranzinger, S. and Horstick, O. (2016) Relevance of
Non-communicable Comorbidities for the Development of the Severe
Forms of Dengue: A Systematic Literature Review. Plos Neglected
Tropical Diseases 10, e0004284.

Torabi, A., Mohammadbagheri, E., Akbari Dilmaghani, N., Bayat, A.,
Fathi, M., Vakili, K., Alizadeh, R., Rezaeimirghaed, O., Hajiesmaeili,
M., Ramezani, M., Simani, L. and Aliaghaei, A. (2020) Proinflamma-
tory Cytokines in the Olfactory Mucosa Result in COVID-19 Induced
Anosmia. ACS Chemical Neuroscience 11, 1909-1913.

Touyz, R. M., Li, H. and Delles, C. (2020) ACE2 the Janus-faced protein-
from cardiovascular protection to severe acute respiratory syndrome-
coronavirus and COVID-19. Clinical Science 134, 747-750.

396 Deravi et al.



Turner, A., Hiscox, J. and Hooper, N. (2004a) ACE2: from vasopeptidase
to SARS virus receptor. Trends in Pharmacological Sciences 25, 291-
294.

Turner, A. J., Hiscox, J. A. and Hooper, N. M. (2004b) ACE2: from va-
sopeptidase to SARS virus receptor. Trends in Pharmacological Sci-
ences 25, 291-294.

Umpierrez, G. E., Isaacs, S. D., Bazargan, N., You, X., Thaler, L. M. and
Kitabchi, A. E. (2002) Hyperglycemia: an independent marker of in-
hospital mortality in patients with undiagnosed diabetes. The Journal
of Clinical Endocrinology and Metabolism 87, 978-982.

Vaduganathan, M., Vardeny, O., Michel, T., McMurray, J. J. V., Pfef-
fer, M. A. and Solomon, S. D. (2020) Renin–Angiotensin–Aldosterone
System Inhibitors in Patients with Covid-19. New England Journal of
Medicine 382, 1653-1659.

Van den Berghe, G., Wouters, P., Weekers, F., Verwaest, C., Bruyninckx,
F., Schetz, M., Vlasselaers, D., Ferdinande, P., Lauwers, P. and Bouil-
lon, R. (2001) Intensive insulin therapy in critically ill patients. New
England Journal of Medicine 345, 1359-1367.

Van den Berghe, G., Wouters, P. J., Bouillon, R., Weekers, F., Verwaest,
C., Schetz, M., Vlasselaers, D., Ferdinande, P. and Lauwers, P. (2003)
Outcome benefit of intensive insulin therapy in the critically ill: Insulin
dose versus glycemic control. Critical Care Medicine 31, 359-366.

Wan, Y., Shang, J., Graham, R., Baric, R. S. and Li, F. (2020) Receptor
recognition by the novel coronavirus from Wuhan: an analysis based
on decade-long structural studies of SARS coronavirus. Journal of Vi-
rology 94.

World Health Organization. (2020) WHO 'Coronavirus disease 2019
(COVID-19) Situation Report -82'. Available at: https://www.
who.int/docs/default-source/coronaviruse/situation-rep
orts/20200411-sitrep-82-covid-19.pdf?sfvrsn=74a5d15_2
(Accessed: 11 April 2020).

Wösten-van Asperen, R. M., Lutter, R., Specht, P. A., Moll, G. N.,
van Woensel, J. B., van der Loos, C. M., van Goor, H., Kamilic, J.,
Florquin, S. and Bos, A. P. (2011) Acute respiratory distress syndrome
leads to reduced ratio of ACE/ACE2 activities and is prevented by
angiotensin-(1-7) or an angiotensin II receptor antagonist. The Jour-
nal of Pathology 225, 618-627.

Wu, C., Chen, X., Cai, Y., Zhou, X., Xu, S., Huang, H., Zhang, L., Zhou,
X., Du, C. and Zhang, Y. (2020) Risk factors associated with acute
respiratory distress syndrome and death in patients with coronavirus
disease 2019 pneumonia in Wuhan, China. JAMA Internal Medicine
180, 934.

Wu, Z. and McGoogan, J. M. (2020) Characteristics of and Important
Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak
in China. JAMA 323, 1239.

Wysocki, J., Ye, M., Soler, M. J., Gurley, S. B., Xiao, H. D., Bernstein,
K. E., Coffman, T. M., Chen, S. and Batlle, D. (2006) ACE and ACE2
activity in diabetic mice. Diabetes 55, 2132-2139.

Xia, C., Cardiovascular Research Institute, Case Western Reserve Univer-
sity, Cleveland, OH, USA, Rao, X. and Zhong, J. (2017) Role of T
Lymphocytes in Type 2 Diabetes and Diabetes-Associated Inflamma-
tion. Journal of Diabetes Research 2017, 1-6.

Xiao, J., Ma, L., Gao, J., Yang, Z., Xing, X., Zhao, H., Jiao, J. and Li,
G. (2004) Glucocorticoid-induced diabetes in severe acute respiratory
syndrome: the impact of high dosage and duration of methylpred-
nisolone therapy. Zhonghua Nei Ke Za Zhi 43, 179-182.

Xu, Z., Shi, L., Wang, Y., Zhang, J., Huang, L., Zhang, C., Liu, S., Zhao,
P., Liu, H. and Zhu, L. (2020) Pathological findings of COVID-19 as-

sociated with acute respiratory distress syndrome. The Lancet Respira-
tory Medicine 8, 420-422.

Yang, J.-K., Lin, S.-S., Ji, X.-J. and Guo, L.-M. (2010) Binding of SARS
coronavirus to its receptor damages islets and causes acute diabetes.
Acta Diabetologica 47, 193-199.

Yang, J., Feng, Y., Yuan, M., Yuan, S., Fu, H., Wu, B., Sun, G., Yang,
G., Zhang, X. and Wang, L. (2006) Plasma glucose levels and diabetes
are independent predictors for mortality and morbidity in patients with
SARS. Diabetic Medicine 23, 623-628.

Yang, W., Cai, X., Han, X. and Ji, L. (2016) DPP-4 inhibitors and risk
of infections: a meta-analysis of randomized controlled trials. Dia-
betes/Metabolism Research and Reviews 32, 391-404.

Yang, X., Yu, Y., Xu, J., Shu, H., Xia, J., Liu, H., Wu, Y., Zhang, L.,
Yu, Z., Fang, M., Yu, T., Wang, Y., Pan, S., Zou, X., Yuan, S. and
Shang, Y. (2020) Clinical course and outcomes of critically ill patients
with SARS-CoV-2 pneumonia inWuhan, China: a single-centered, ret-
rospective, observational study. The Lancet Respiratory Medicine 8,
475-481.

Yang, Z.-Y., Huang, Y., Ganesh, L., Leung, K., Kong, W.-P., Schwartz,
O., Subbarao, K. and Nabel, G. J. (2004) pH-dependent entry of severe
acute respiratory syndrome coronavirus is mediated by the spike gly-
coprotein and enhanced by dendritic cell transfer through DC-SIGN.
Journal of Virology 78, 5642-5650.

Yu, C., Wong, R. S., Wu, E., Kong, S., Wong, J., Yip, G. W., Soo, Y.,
Chiu, M., Chan, Y. and Hui, D. (2006) Cardiovascular complications
of severe acute respiratory syndrome. Postgraduate Medical Journal
82, 140-144.

Zhang, J., Dong, X., Cao, Y., Yuan, Y., Yang, Y., Yan, Y., Akdis, C. A. and
Gao, Y. (2020a) Clinical characteristics of 140 patients infected with
SARS-CoV-2 in Wuhan, China. Allergy 75, 1730-1741.

Zhang, L., Long, Y., Xiao, H., Yang, J., Toulon, P. and Zhang, Z. (2018)
Use of D-dimer in oral anticoagulation therapy. International Journal
of Laboratory Hematology 40, 503-507.

Zhang, L., Yan, X., Fan, Q., Liu, H., Liu, X., Liu, Z. and Zhang, Z.
(2020b) D-dimer levels on admission to predict in-hospital mortality
in patients with Covid-19. Journal of Thrombosis and Haemostasis 18,
1324-1329.

Zhang, W., Xu, Y., Liu, B., Wu, R., Yang, Y., Xiao, X. and Zhang, X.
(2014) Pioglitazone Upregulates Angiotensin Converting Enzyme 2
Expression in Insulin-Sensitive Tissues in Rats with High-Fat Diet-
Induced Nonalcoholic Steatohepatitis. The Scientific World Journal
2014, 1-7.

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., Xiang, J., Wang, Y.,
Song, B., Gu, X., Guan, L., Wei, Y., Li, H., Wu, X., Xu, J., Tu, S.,
Zhang, Y., Chen, H. and Cao, B. (2020) Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A
retrospective cohort study. The Lancet 395, 1054-1062.

Zhu, L., She, Z.-G., Cheng, X., Qin, J.-J., Zhang, X.-J., Cai, J., Lei, F.,
Wang, H., Xie, J., Wang, W., Li, H., Zhang, P., Song, X., Chen, X.,
Xiang, M., Zhang, C., Bai, L., Xiang, D., Chen, M.-M., Liu, Y., Yan,
Y., Liu, M., Mao, W., Zou, J., Liu, L., Chen, G., Luo, P., Xiao, B.,
Zhang, C., Zhang, Z., Lu, Z., Wang, J., Lu, H., Xia, X., Wang, D.,
Liao, X., Peng, G., Ye, P., Yang, J., Yuan, Y., Huang, X., Guo, J.,
Zhang, B.-H. and Li, H. (2020) Association of blood glucose control
and outcomes in patients with COVID-19 and Pre-existing type 2 dia-
betes. Cell Metabolism 31, 1068-1077.

Zmora, N., Bashiardes, S., Levy, M. and Elinav, E. (2017) The role of the
immune system in metabolic health and disease. Cell Metabolism 25,
506-521.

Volume 21, Number 3, 2020 397

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200411-sitrep-82-covid-19.pdf?sfvrsn=74a5d15_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200411-sitrep-82-covid-19.pdf?sfvrsn=74a5d15_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200411-sitrep-82-covid-19.pdf?sfvrsn=74a5d15_2

	1. Background
	2. Method
	3. Results
	3.1 The role of diabetes mellitus and hypertension in acute respiratory infections
	3.2 Diabetes mellitus and hypertension in patients with COVID-19
	3.3 Diabetes mellitus and hypertension in the patients with MERS
	3.4 Diabetes mellitus and hypertension in patients with SARS

	4. Conclusions

